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Description 

This  invention  relates  to  a  radio  receiver  circuit  ar- 
rangement  comprising,  in  cascade,  a  bandpass  filter 
for  a  desired  received  signal,  a  frequency  translator 
circuit  for  translating  the  desired  received  signal  to  an 
intermediate  frequency,  and  a  demodulator  circuit  for 
demodulating  the  frequency-translated  desired  re- 
ceived  signal,  said  frequency  translator  circuit  com- 
prising  a  local  oscillator  circuit  and  a  mixer  circuit  to 
a  first  input  of  which  the  output  of  the  local  oscillator 
circuit  is  coupled  and  to  a  second  input  of  which  the 
output  of  the  bandpass  filter  is  coupled,  the  arrange- 
ment  including  a  tuning  control  circuit  for  the  band- 
pass  filter,  which  tuning  control  circuit  comprises 
means  for  applying  to  the  input  of  the  bandpass  filter 
a  locally  generated  signal  the  frequency  of  which  is 
substantially  equal  to  that  of  the  desired  received  sig- 
nal  and  a  control  loop  coupling  an  output  of  the  fre- 
quency  translator  circuit  to  a  tuning  control  input  of 
the  bandpass  filter,  for  automatically  tuning  the  band- 
pass  filter  to  substantially  the  frequency  of  said  local- 
ly  generated  signal. 

One  known  arrangement  of  this  general  kind  is 
disclosed  in  Japanese  Kokai  no.  59-027613;  a  similar 
arrangement  is  disclosed  in  the  German  Patent  DE- 
A-2  201  221.  In  this  known  arrangement  the  output 
frequency  of  the  local  oscillator  circuit  is  variable  to 
thereby  tune  the  arrangement  to  different  desired  re- 
ceived  signals,  and  the  bandpass  filter  is  tuned  simul- 
taneously.  The  purpose  of  the  tuning  control  circuit  is 
to  eliminate  tracking  errors  between  the  two.  To  en- 
sure  that  the  tuning  control  circuit  operates  satisfac- 
torily  even  when  the  desired  received  signal  is  weak 
the  input  of  the  bandpass  filter  is  switched  temporarily 
from  an  aerial  to  the  output  of  an  auxiliary  circuit 
which  locally  produces  a  "pseudo  broadcast  signal". 

It  is  often  an  aim  of  electronic  circuit  design  and 
development  to  enable  as  much  as  possible  of  the  cir- 
cuit  to  be  integrated  on  one  or  more  semiconductor 
chips  to  minimise  the  assembly  operations  required  to 
implement  an  operating  system  and/or  to  enable  the 
volume  occupied  by  the  circuit  to  be  reduced.  Such 
chips  are  normally  encapsulated  for  protective  rea- 
sons,  the  encapsulations  being  provided  with  exter- 
nal  conductive  connectors  to  enable  parts  of  the  in- 
tegrated  circuit  to  be  electrically  accessed  from  the 
exterior,  for  example  for  power  supply  and  signal  input 
and  output  purposes.  The  connectors  are  normally 
conductively  connected  to  the  relevant  points  of  the 
chip  by  so-called  bond  wires.  One  circuit  element 
which  it  is  not  easy  to  implement  in  integrated  circuit 
form  is  an  inductor,  and  this  has  led  to  inductance  be- 
ing  simulated  by  such  things  as  capacitively  termin- 
ated  gyrator  circuits.  However  these  circuits  them- 
selves  are  impracticable  when  they  are  required  to 
operate  at  frequencies  in  the  order  of,  for  example, 
108  or  109Hz,  which  frequencies  are  becoming  in- 

creasingly  of  interest  for  radio  purposes.  Thus,  for  ex- 
ample,  the  inductive  component  of  an  RF  bandpass 
filter  for  a  radio  receiver  operating  in  a  frequency 
band  in  the  108  or  109Hz  range  has  normally  to  be  im- 

5  plemented  as  a  discrete  inductor,  which  fact  is  on  the 
face  of  it  in  conflict  with  the  above-mentioned  aims  of 
minimising  the  number  of  assembly  operations  re- 
quired  to  implement  an  operating  system  and/or  ena- 
bling  the  volume  occupied  by  the  circuit  to  be  re- 

10  duced.  It  is  an  object  of  the  present  invention  to  miti- 
gate  this  problem. 

The  invention  provides  an  arrangement  as  de- 
fined  in  the  first  paragraph  which  is  characterised  in 
that  the  intermediate  frequency  is  substantially  zero, 

15  the  means  for  applying  a  locally  generated  signal  to 
the  input  of  the  bandpass  filter  comprises  a  coupling 
from  an  output  of  the  local  oscillator  circuit  to  the  input 
of  the  bandpass  filter,  part  of  the  arrangement  is  in- 
tegrated  on  an  encapsulated  semiconductor  chip,  and 

20  the  bandpass  filter  includes  an  inductor  which  is  pres- 
ent  as  a  discrete  component  encapsulated  together 
with  the  chip. 

It  has  now  been  recognised  that  if  an  arrange- 
ment  as  defined  in  the  first  paragraph  is  arranged  to 

25  be  of  the  so-called  zero  IF  type  and  part  of  it  is  con- 
structed  in  integrated  circuit  form  it  becomes  practi- 
cable  to  form  an  inductive  component  of  the  band- 
pass  filter  as  a  discrete  inductor  which  is  encapsulat- 
ed  together  with  the  integrated  circuit,  the  tuning  con- 

30  trol  circuit  compensating  for  the  inevitable  variations 
in  the  value  of  the  inductor  from  arrangement  to  ar- 
rangement  and  thereby  ensuring  that  the  tuning  of  the 
filter  is  always  substantially  correct.  In  a  (substantial- 
ly)  zero  IF  receiver  which  includes  a  frequency  trans- 

35  lator  circuit  of  the  kind  specified  the  operating  fre- 
quency  of  the  local  oscillator  is  substantially  equal  to 
the  frequency  of  the  desired  received  signal  and 
therefore  may  be  used  as  a  reference  frequency  for 
the  tuning  control  loop,  enabling  the  control  loop  to 

40  operate  satisfactorily  even  when  the  amplitude  of  the 
received  carrier  is  so  low  that  the  carrier  is  masked  by 
noise,  as  may  be  the  case  if,  for  example,  the  desired 
received  signal  is  of  the  so-called  "spread  spectrum" 
kind.  In  contrast  to  the  arrangement  disclosed  in  the 

45  previously  discussed  Japanese  Kokai  59-027613,  in 
an  arrangement  according  to  the  present  invention 
the  control  loop  may  be  arranged  to  be  continuously 
operational  during  the  operating  periods  of  the  ar- 
rangement,  because  the  signal  supplied  by  the  local 

so  oscillator  circuit  to  the  filter  will  be  translated  by  the 
frequency  translator  circuit  to  d.c.  Zero  IF  receivers 
normally  include  d.c.-blocking  means  prior  to  the  de- 
modulator  circuit  to  remove  d.c.  offsets  which  inevi- 
tably  occur,  which  means  will  therefore  block  the  fre- 

55  quency-translated  local  oscillator  signal  and  there- 
fore  prevent  it  from  interfering  with  the  frequency- 
translated  desired  signal  presented  to  the  demodula- 
tor.  Obviously  the  input  signal  of  the  control  loop  will 
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have  to  be  taken  off  prior  to  the  d.c.-blocking  means. 
If  the  required  value  of  the  inductor  is  appropriate 

the  inductor  may  comprise  a  bond  wire  connected  to 
the  chip. 

The  oscillatorsignal  is  applied  to  the  second  input 
of  the  mixer  circuit  via  the  bandpass  filter  and  also  to 
the  first  input  of  the  mixer  circuit.  The  d.c.  component 
of  the  mixer  circuit  output  is  therefore  dependent  upon 
both  the  relative  phases  of  the  two  signals  so  applied 
and  to  their  amplitudes.  As  is  known,  the  phase  shift 
produced  by  a  bandpass  filter  is  dependent  upon  the 
difference  (if  any)  between  the  centre-frequency  of 
the  passband  and  the  frequency  of  the  signal  trans- 
mitted  through  the  filter,  being  normally  zero  if  the  dif- 
ference  is  zero  and  otherwise  having  a  sign  deter- 
mined  by  the  sign  of  the  difference.  Thus  the  said  rel- 
ative  phases  are  themselves  representative  of  the  de- 
gree  and  direction  of  mistuning  (if  any)  of  the  filter  and 
the  control  loop  may  comprise  means  for  deriving 
from  an  output  of  the  frequency  translator  circuit  a 
tuning  control  signal  which  is  representative  of  the 
phase  of  the  oscillatorsignal  applied  to  the  second  in- 
put  of  the  mixer  circuit  via  the  bandpass  filter  relative 
to  the  phase  of  the  local  oscillatorsignal  applied  to  the 
first  input  of  the  mixer  circuit,  and  applying  said  tuning 
control  signal  to  said  tuning  control  signal  input.  If  a 
90°  phase-shifter  is  provided  at  one  of  the  mixer  cir- 
cuit  inputs  then  the  resulting  mixer  circuit/phase- 
shifter  combination  will  act  directly  as  a  detector  for 
said  relative  phases,  with  the  result  that  the  d.c.  com- 
ponent  of  its  output  signal  may,  after  phase  inversion 
and/or  amplification  if  required,  be  used  directly  for 
application  to  the  tuning  control  signal  input. 

As  an  alternative  to  using  the  phase-shift  pro- 
duced  by  the  filter  to  generate  the  requisite  tuning 
control  signal  use  may  be  made  of  the  fact  that  the  at- 
tenuation  of  a  signal  transmitted  by  the  filter  will  be  a 
minimum  when  the  frequency  of  the  signal  is  equal  to 
the  centre-frequency  of  the  filter  passband.  To  this 
end  the  control  loop  may,  as  an  alternative,  comprise 
means  for  deriving  from  an  output  of  the  frequency 
translator  circuit  a  signal  which  is  representative  of 
the  attenuation  of  the  oscillator  signal  by  the  band- 
pass  filter  and  is  independent  of  the  phase  of  the  os- 
cillatorsignal  applied  to  the  second  input  of  the  mixer 
circuit  via  the  bandpass  filter  relative  to  the  phase  of 
the  oscillator  signal  applied  to  the  first  input  of  the 
mixer  circuit,  means  for  applying  a  periodically  vary- 
ing  tuning  control  signal  to  said  tuning  control  signal 
input,  and  means  for  controlling  the  direction  of  each 
variation  of  the  tuning  control  signal  in  dependence 
on  the  direction  of  any  variation  of  the  attenuation- 
representative  signal  arising  from  the  preceding  vari- 
ation  of  the  tuning  control  signal  to  thereby  minimise 
said  attenuation.  Zero-IF  receivers  often  employ  a 
pair  of  quadrature-related  mixers  in  their  frequency 
translator  circuits,  giving  rise  to  a  pair  of  quadrature- 
related  zero-IF  channels.  If  this  is  the  case  the  attenu- 
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ation-representative  phase-independent  signal  may 
be  produced  by  squaring  the  values  of  the  d.c.  com- 
ponents  of  the  signals  in  the  two  channels  and  adding 
together  the  results. 

5  Embodiments  of  the  invention  will  now  be  descri- 
bed,  by  way  of  example,  with  reference  to  the  accom- 
panying  diagrammatic  drawings,  in  which 

Figure  1  is  the  circuit  diagram  of  a  first  embodi- 
ment, 

10  Figure  2  is  a  perspective  view  of  a  practical  con- 
struction  of  the  circuit  of  Figure  1  in  encapsulated 
integrated  circuit  form, 
Figure  3  illustrates  a  first  possible  practical  con- 
struction  for  one  of  the  block  of  Figure  1  , 

15  Figure  4  illustrates  a  second  possible  practical 
construction  for  the  said  one  of  the  block  of  Fig- 
ure  1, 
Figure  5  shows  a  possible  modification  to  part  of 
the  circuit  of  Figure  1,  and 

20  Figure  6  is  a  flow  chart  indicating  steps  per- 
formed  by  the  modification  of  Figure  5. 
In  Figure  1  a  radio  receiver  circuit  arrangement 

has  an  input  1  for  connection  to  an  aerial  and  an  out- 
put  2  for  a  demodulated  desired  received  signal.  The 

25  input  2  is  coupled  to  a  bandpass  input  filter  3  via  one 
input  4  and  the  output  5  of  a  signal  combining  means 
6.  The  output  signal  of  filter  3  is  fed  to  first  inputs  7 
and  8  of  multiplicative  mixers  9  and  10  respectively 
via  the  input  37  and  the  outputs  38  and  39  respective- 

30  ly  of  a  signal  splitter  11  .  The  output  signal  of  a  local 
oscillator  circuit  12  is  fed  to  second  inputs  13  and  14 
of  the  mixers  9  and  10  respectively  via  the  input  15 
and  one  output  16  of  a  signal  splitter  17,  and  a  signal 
splitter  18,  a  90°  phase  shifter  19  being  included  in 

35  the  signal  path  to  mixer  input  14.  The  output  signals 
of  the  mixers  9  and  10  are  fed  to  inputs  20  and  21  re- 
spectively  of  a  demodulator  circuit  22  via  a  low-pass 
filter  23  and  a  d.c.-blocking  capacitor  24,  and  via  a 
low-pass  filter  25  and  a  d.c.-blocking  capacitor  26,  re- 

40  spectively.  The  output  of  demodulator  circuit  22  con- 
stitutes  the  output  2.  Bandpass  input  filter  3  is  tuned 
to  the  frequency  of  a  desired  signal  received  at  input 
1  and  the  output  frequency  of  local  oscillator  circuit  12 
is  arranged  to  be  substantially  equal  to  this  frequen- 

45  cy,  so  that  the  desired  signal  is  translated  to  an  inter- 
mediate  frequency  of  substantially  zero  by  the  (quad- 
rature)  mixers  9  and  10. 

The  part  of  the  receiver  described  so  far,  other 
than  the  signal  splitter  17  and  the  signal  combiner  6, 

so  constitutes  a  conventional  zero-IF  radio  receiver,  the 
frequency-translated  desired  received  signal  being 
filtered  by  the  filters  23  and  25  and  demodulated  by 
demodulator  22  after  any  d.c.  components  thereof 
have  been  removed  by  the  capacitors  24  and  26.  Suit- 

55  able  constructions  for  demodulator  22  are  well- 
known,  the  particular  construction  adopted  being  de- 
termined  by,  inter  alia,  the  type  of  modulation  em- 
ployed  in  the  desired  received  signal. 

3 
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The  output  signal  of  local  oscillator  circuit  12  is 
also  coupled  to  the  input  of  filter  3  via  an  output  27  of 
splitter  17  and  an  input  28  of  combiner  6,  and  is  there- 
fore  also  transmitted  to  the  inputs  7  and  8  of  the  mix- 
ers  9  and  10.  (Multiplicative)  mixers  9  and  10  trans- 
late  this  component  of  their  input  signals  to  zero  fre- 
quency  and,  because  of  the  presence  of  90°  phase- 
shifter  19,  mixer  10  actually  operates  as  a  phase- 
detector  for  this  component  of  its  input  signal.  Provid- 
ed,  therefore,  that  the  amplitude  of  any  signal  of  the 
same  frequency  transmitted  to  mixer  input  8  from  the 
arrangement  input  1  is  negligible  compared  with  the 
amplitude  of  this  component  (as  can  be  easily  ar- 
ranged  to  be  the  case  if,  for  example,  the  desired  re- 
ceived  signal  is  of  a  suppressed  carrier  or  spread 
spectrum  type)  the  sign  and  magnitude  of  the  d.c. 
component  of  the  output  signal  of  filter  25  will  be  a 
measure  of  the  degree  and  sense  of  any  deviation  of 
the  phase  of  the  said  component  of  the  input  signal 
of  mixer  1  0  from  the  phase  of  the  local  oscillator  sig- 
nal  applied  to  phase  shifter  19.  This  d.c.  component 
(if  any)  is  filtered  further  by  means  of  a  low-pass  con- 
trol  loop  filter  29  and  applied  to  a  tuning  control  signal 
input  30  of  the  input  filter  3. 

As  is  known,  the  phase-shift  produced  by  an  ele- 
mentary  bandpass  filter  changes  from  positive  to 
negative  with  changes  in  the  frequency  of  an  input 
signal  thereto  from  one  side  of  the  centre-frequency 
of  its  passband  to  the  other  side,  the  phase  shift  be- 
ing  zero  at  the  centre-frequency.  This  fact  is  used  in 
the  circuit  of  Figure  1  to  achieve  automatic  tuning  of 
the  filter  3,  in  that  it  results  in  the  phase  of  the  signal 
from  oscillator  circuit  12  transmitted  by  filter  3  being 
dependent  on  the  relationship  of  the  frequency  of  said 
signal  to  the  centre-frequency  of  the  response  char- 
acteristic  of  filter  3,  and  hence  in  the  d.c.  component 
transmitted  by  filter  29  being  representative  of  said 
relationship.  This  component  is  applied  to  the  tuning 
control  signal  input  30  and  adjusts  the  centre-fre- 
quency  in  a  sense  such  as  to  reduce  any  deviation 
thereof  from  the  output  frequency  of  local  oscillator 
12  and  therefore  to  automatically  adjust  said  centre- 
frequency  to  be  substantially  equal  to  the  frequency 
of  the  desired  signal  received  on  input  terminal  1.  (It 
should  be  noted  that  so-called  tracing  filters  in  which 
a  signal  is  applied  to  one  input  of  a  phase  detector  di- 
rectly  and  to  the  other  input  after  passage  through  a 
filter,  the  resulting  output  signal  of  the  phase  detector 
being  used  to  tune  the  filter  to  the  frequency  of  the 
signal,  are  known  per  se,  for  example  from  GB-A- 
2044026). 

In  practice,  whereas  at  least  an  inductive  compo- 
nent  of  the  filter  3  is  present  as  a  discrete  component, 
at  least  part  of  the  remainder  of  the  arrangement  of 
Figure  1  is  integrated  in  a  manner  known  per  se  on  a 
semiconductor  chip.  Such  a  chip  is  shown  diagram- 
matically  at  31  in  Figure  2  and,  in  Figure  2,  is  mounted 
in  conventional  manner  on  a  metal  plate  32  provided 

with  a  pair  of  extensions  33Aand  33B.  The  extensions 
33  provide  support  during  manufacture  as,  during  this 
time,  they  form  part  of  a  lead  frame  which  also  in- 
cludes  leads  34A-34J  which  in  general  provide  elec- 

5  trically  conductive  connections  to  the  exterior  for  va- 
rious  points  of  the  circuit  integrated  on  the  chip.  (The 
extensions  33  can  provide  connections  to  the  exterior 
for  the  back  of  the  chip  31,  if  required).  To  this  end  the 
relevant  areas  of  the  chip  are  connected  to  the  rele- 

10  vant  leads  34  via  conventional  so-called  "bond  wires" 
35A-35K.  It  will  be  noted  that  two  of  these  bond  wires, 
35J  and  35K  respectively,  are  connected  to  the  same 
lead  34J.  The  complete  assembly  other  than  the  pro- 
jecting  parts  of  the  extensions  33  and  the  leads  34  are 

15  enclosed  in  conventional  manner  in  a  protective  en- 
capsulation  36  (shown  in  dashed  lines),  for  example 
by  means  of  an  injection  moulding  technique. 

The  two  bond  wires  35J  and  35K  connected  to 
the  lead  34K  in  fact  constitute  an  inductive  compo- 

20  nent  or  inductive  components  of  the  input  filter  3  of 
Figure  1.  Figure  3  shows  in  diagrammatic  form  one 
way  in  which  this  can  be  achieved. 

As  will  be  seen  from  Figure  3  the  point  of  the  in- 
tegrated  circuit  31  to  which  wire  35J  is  bonded  corre- 

25  sponds  to  the  output  5  of  signal  combiner  6  of  Figure 
1  ,  and  wire  35K  is  bonded  to  a  point  40  of  circuit  31 
which  corresponds  to  the  anode  of  a  variable  capac- 
itance  diode  41  integrated  on  the  chip  31.  The  cath- 
ode  of  diode  41  is  connected  within  the  integrated  cir- 

30  cuit  both  via  an  (integrated)  resistor  42  to  the  point  30, 
i.e.  to  the  point  of  the  integrated  circuit  which  consti- 
tutes  the  tuning  control  input  of  the  filter  3,  and  also 
to  the  cathode  of  a  second  variable  capacitance  diode 
43  also  integrated  on  the  chip  31  .  The  anode  of  diode 

35  43  is  connected  within  the  integrated  circuit  to  the 
point  of  the  circuit  which  constitutes  the  input  37  of  the 
signal  splitterU  of  Figure  1.  It  is  assumed  for  the  pur- 
poses  of  Figure  3  that  the  control  signal  supplied  to 
the  tuning  control  input  30  is  always  positive,  so  that 

40  the  diodes  41  and  43  are  always  reverse-biassed. 
(Conventional  constructions  for  the  mixers  9  and  10 
of  Figure  1  will  have  a  differential  output,  and  this  may 
be  converted  to  a  signal  which  is  always  positive  by 
including  a  conventional  differential-to-single-ended 

45  converter  (not  shown)  somewhere  in  the  signal  path 
from  the  output  of  mixer  1  0  to  the  tuning  control  input 
30). 

Because  the  bond  wires  35J  and  35K  of  Figure  3 
each  exhibit  a  finite  inductance,  which  inductances 

so  are  connected  in  series,  these  wires  together  with  the 
series-connected  variable  capacitance  diodes  41  and 
43  form  a  series-resonant  circuit  connected  between 
the  points  5  and  37.  Thus,  in  effect,  a  bandpass  filter 
is  present  between  the  points  5  and  37  as  required, 

55  the  centre-frequency  of  the  pass  characteristic  being 
variable  by  varying  the  capacitances  of  the  diodes  41 
and  43  by  means  of  the  control  signal  applied  to  point 
30.  If  the  inductances  of  the  wires  35J  and  35K  and 

4 
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L1  and  L2  respectively,  and  the  capacitances  of  the  di- 
odes  41  and  43  are  C1  and  C2  respectively,  it  can  be 
shown  that,  if  any  parasitic  impedances  also  present  are 
neglected,  the  impedance  between  points  5  and  37  is 
given  by  [(C1+C2)-w2C1C2(L1+L2)]/jwC1C2.  Thus  the 
filter  centre-frequency  is  given  by  w2=(C1+C2)/ 
(L1  +L2)C1  C2,  from  which  it  can  be  seen  that  the  cen- 
tre-frequency  decreases  with  increasing  C1  and  C2, 
i.e.  with  decreasing  values  of  the  control  voltage  ap- 
plied  to  control  input  30. 

Figure  4  shows  in  diagrammatic  form  a  second 
way  in  which  it  can  be  achieved  that  the  two  bond 
wires  35J  and  35K  of  Figure  2  constitute  an  inductive 
component  or  inductive  components  of  the  input  filter 
3  of  Figure  1  .  Here  the  points  5  and  37  of  the  circuit 
31  corresponding  to  the  output  of  combiner  6  and  the 
input  of  splitter  11  respectively  of  Figure  1  are  inter- 
connected  by  a  pair  of  series-connected  capacitors 
44,45  also  integrated  on  the  chip,  the  common  point 
of  these  capacitors  being  connected  to  the  point  of  the 
circuit  corresponding  to  the  tuning  control  signal  input 
30  of  the  in  put  filter  3  of  Figure  1  via  a  resistor  46  also 
integrated  on  the  chip.  Said  common  point  is  also  con- 
nected  to  the  cathodes  of  a  pair  of  variable  capaci- 
tance  diodes  47,48  also  integrated  on  the  chip.  The 
wires  35J  and  35K  are  bonded  to  points  49  and  50  re- 
spectively  of  the  chip,  which  points  correspond  to  the 
anodes  of  the  diodes  47  and  48  respectively.  In  the 
arrangement  of  Figure  4  the  lead  34J  is  connected  to 
ground. 

Because  the  wires  35J  and  35K  each  exhibit  a  fin- 
ite  inductance  the  components  47  and  35J  constitute 
a  series-resonant  circuit,  as  do  the  components  48 
and  35K,  these  resonant  circuits  being  connected  in 
parallel.  Again,  if  the  inductances  of  the  wires  35J  and 
35Kare  L1  and  L2  respectively,  and  the  capacitances 
of  the  capacitors  47  and  48  are  C1  and  C2  respective- 
ly,  and  any  parasitic  impedances  are  neglected,  the  im- 
pedance  between  the  common  point  of  the  capacitors 
44  and  45  and  ground  is  given  by  (1-w2L1C1)(1- 
w2L2C2)/[jwC1(1-w2L2C2)+jwC2(1-w2L1C1)]  This  im- 
pedance  is  a  maximum  if  w2=0  or(C1  +C2)/(L1  +L2)C1  C2 
and  a  minimum  if  w2=1/L1C1  or  1/L2C2.  Thus  the  cir- 
cuit  detailed  in  Figure  4  has  a  frequency  characteris- 
tic  between  points  5  and  37  which  exhibits  one  pole 
and  two  zeros  (neglecting  the  zero  at  w=0  produced 
by  the  series  capacitors  44  and  45),  the  centre  fre- 
quency  of  the  pass  characteristic  being  given  by 
w2=(C1+C2)/(L1+L2)C1C2,  i.e.  the  same  expression 
as  is  obtained  for  the  filter  of  Figure  3.  This  centre  fre- 
quency  can  be  varied  by  varying  the  reverse  bias  ap- 
plied  to  diodes  47  and  48  through  point  30,  similarly 
to  the  arrangement  of  Figure  3. 

It  is  not  essential  that  the  discrete  inductive  com- 
ponents  of  the  filter  3  of  Figure  1  be  constituted  by  so- 
called  bond  wires;  obviously  this  is  only  appropriate 
where  the  inductances  of  the  bond  wires  are  in  the  or- 
der  of  that  required.  Alternatively  these  components 

may  be  present  in  another  appropriate  form.  In  this 
connection  reference  may  be  made  to  e.g.  GB-A- 
2160707  and  WO-A-85/04521  the  disclosures  of 
which  relate  to  packages  comprising  integrated  cir- 

5  cuits  and  associated  discrete  components. 
Although  in  the  arrangements  described  so  far 

the  tuning  control  signal  for  the  input  filter  3  is  in  ef- 
fect  the  d.c.  component  of  the  output  signal  of  mixer 
1  0  (possibly  after  amplification  and/or  conversion  by 

10  the  aforementioned  differential-to-single-ended  con- 
verter)  the  magnitude  and  sign  of  this  d.c.  component 
being  directly  representative  of  the  magnitude  and 
sign  of  any  difference  between  the  centre-frequency 
of  the  filter  bandpass  characteristic  and  the  output 

15  frequency  of  oscillator  12,  the  tuning  control  signal 
may  be  derived  in  another  way.  Thus,  for  example,  the 
fact  may  be  utilised  that  the  attenuation  of  the  oscil- 
lator  output  signal  by  filter  3  will  be  a  minimum  when 
the  filter  bandpass  characteristic  centre  frequency 

20  coincides  with  the  output  frequency  of  oscillator  12, 
the  filter  3  therefore  being  tuned  in  a  dynamic  manner 
until  the  amplitudes  of  the  signals  in  the  two  quadra- 
ture  channels  are  a  maximum.  One  way  in  which  this 
can  be  done  will  now  be  described  with  reference  to 

25  Figures  5  and  6  of  the  drawings. 
Figure  5  illustrates  a  modification  to  the  arrange- 

ment  of  Figure  1  in  which  the  input  of  loop  filter  29  is 
removed  from  the  output  of  filter  25  and  connected  in- 
stead  to  the  output  of  a  digital-to-analog  converter  51  . 

30  The  outputs  of  the  IF  low-pass  filters  23  and  25  are 
now  connected  (in  addition  to  the  d.c.  blocking  capac- 
itors  24  and  26  respectively)  to  amplitude-squarers 
52  and  53  respectively.  As  shown,  the  squarers  52 
and  53  may  take  the  form  of  multipliers,  the  output  fil- 

35  ter  23  being  connected  to  both  inputs  of  multiplier  52 
and  the  output  of  filter  25  being  connected  to  both  in- 
puts  of  multiplier  53.  The  output  signals  of  multipliers 
52  and  53  are  added  together  in  an  adding  circuit  54 
and  the  result  is  converted  to  digital  form  by  an  ana- 

40  log-to-digital  converter  55.  (The  squaring  circuits  52 
and  53  are  provided  so  that  the  output  signal  of  adder 
54  will  be  independent  of  the  phase  shift  produced  by 
input  filter  3,  and  hence  be  truly  representative  of  the 
attentuation  or  otherwise  of  the  output  signal  of  os- 

45  cillator  12  produced  by  filter  3).  The  output  of  conver- 
ter  55  is  connected  to  a  parallel  input  port  56  of  an  ap- 
propriately  programmed  microcomputer  or  sequencer 
57  which  includes  a  counter  58  and  a  storage  location 
70.  The  parallel  output  of  counter  58  is  connected,  via 

so  a  parallel  output  port  59  of  microcomputer  or  se- 
quencer  57  to  the  input  of  converter  51  . 

Microcomputer  or  sequencer  57  is  programmed 
to  perform  the  operations  indicated  by  the  flow  chart 
of  Figure  6,  in  which  the  various  blocks  have  the  fol- 

55  lowing  significances. 
60  -  Start. 
61  -  Set  content  C  of  counter  58  to  zero.  (C:=0). 
62  -  Is  output  D  of  converter  55  greater  than  a  pre- 

5 
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determined  amount  T?  (D  T?). 
63  -  Increment  counter  58  (C:=C+1). 
64  -  Set  content  A  of  storage  location  70  to  equal 
the  current  value  of  the  output  of  converter  55. 
(A:=D). 
65  -  Increment  counter  58.  (C:=C+1). 
66  -  Is  output  of  converter  55  greater  than  the  cur- 
rent  content  of  storage  location  70?  (D  A?). 
67  -  Set  content  of  storage  location  70  to  equal 
the  current  value  of  the  output  of  converter  55. 
(A:=D). 
68  -  Decrement  counter  58.  (C:=C-1). 
69  -  Is  output  of  converter  55  greater  than  the  cur- 
rent  content  of  storage  location  70?  (D  A?). 
Thus,  after  start  at  60,  counter  58  is  set  to  zero, 

thereby  causing  the  minimum  tuning  voltage  to  be  ap- 
plied  to  varicaps  41  and  43  of  Figure  3  or  varicaps  47 
and  48  of  Figure  4.  It  is  then  tested  in  step  62  whether 
the  amplitude  of  the  IF  signal  exceeds  a  specific 
threshold.  If  it  does  not,  counter  58  is  incremented  in 
step  63,  thereby  increasing  the  tuning  voltage,  and 
test  62  is  repeated.  This  process  is  continued  until  the 
amplitude  of  the  IF  signal  does  indeed  exceed  the 
threshold,  at  which  point  filter  3  has  become  tuned  to 
a  frequency  approaching  the  output  frequency  of  os- 
cillator  12.  Counter  58  is  then  incremented  further, 
thereby  further  increasing  the  tuning  voltage,  by 
means  of  steps  64-66,  until  it  is  determined  in  test  66 
that  the  amplitude  of  the  IF  is  no  longer  increasing,  at 
which  point  the  tuning  voltage  is  reduced  once  again 
by  means  of  steps  67-69.  When  test  69  determines 
that  a  decrease  in  tuning  voltage  no  longer  results  in 
an  increase  in  IF  signal  amplitude  a  return  is  made  to 
step  64,  and  so  on.  The  tuning  voltage  therefore  now 
oscillates  about  the  desired  value;  the  magnitude  of 
these  oscillations  can  be  kept  low  by  suitably  choos- 
ing  the  frequency  with  which  the  loops  64-66  and  67- 
69  are  repeated,  and  the  cut-off  frequency  of  filter  29. 
The  microcomputer  or  sequencer  57  may,  for  exam- 
ple,  be  integrated  on  the  chip  31  of  Figure  2  and  may 
be  arranged  to  also  perform  other  operations,  if  de- 
sired. 

It  will  be  evident  to  those  skilled  in  the  art  that 
many  modifications  may  be  made  to  the  embodi- 
ments  described  within  the  scope  of  the  invention  as 
defined  by  the  claims.  For  example,  the  filter  3  of  Fig- 
ure  1  may  take  forms  other  than  those  illustrated  with 
reference  to  Figures  3  and  4.  Thus,  for  example,  the 
bond  wire  35K  and  associated  variable  capacitance 
diode  48  of  Figure  4  may  be  omitted,  the  diode  47  be- 
ing  replaced  by  a  pair  of  back-to-back  connected  di- 
odes  with  their  common  point  supplied  from  resistor 
46.  Amplifiers  and  other  components  may  be  includ- 
ed  in  the  various  signal  paths  in  the  arrangement  of 
Figure  1  (taking  care  always  that  the  phase  of  the  sig- 
nal  applied  to  tuning  control  signal  input  30  is  such  as 
to  tune  the  filter  3  towards  the  output  frequency  of  os- 
cillator  12  rather  than  away  therefrom).  The  arrange- 

ment  may,  of  course,  employ  a  single  IF  channel  rath- 
er  than  a  pair  of  quadrature  channels.  The  mounting 
and  encapsulation  of  the  chip  31  may  be  achieved  in 
a  manner  other  than  that  described  with  reference  to 

5  Figure  2,  alternative  ways  of  mounting  and  making 
connections  to  semiconductor  chips  being  well- 
known  in  the  art. 

From  reading  the  present  disclosure,  other  mod- 
ifications  will  be  apparent  to  persons  skilled  in  the  art. 

10  Such  modifications  may  involve  other  features  which 
are  already  known  in  the  design,  manufacture  and 
use  of  receivers  and  component  parts  thereof  and 
which  may  be  used  instead  of  or  in  addition  to  fea- 
tures  already  described  herein. 

15 

Claims 

1.  A  radio  receiver  circuit  arrangement  comprising, 
20  in  cascade,  a  bandpass  filter  for  a  desired  re- 

ceived  signal,  a  frequency  translator  circuit  for 
translating  the  desired  received  signal  to  an  inter- 
mediate  frequency,  and  a  demodulator  circuit  for 
demodulating  the  frequency-translated  desired 

25  received  signal,  said  frequency  translator  circuit 
comprising  a  local  oscillator  circuit  and  a  mixer 
circuit  to  a  first  input  of  which  the  output  of  the  lo- 
cal  oscillator  circuit  is  coupled  and  to  a  second  in- 
put  of  which  the  output  of  the  bandpass  filter  is 

30  coupled,  the  arrangement  including  a  tuning  con- 
trol  circuit  for  the  bandpass  filter,  which  tuning 
control  circuit  comprises  means  for  applying  to 
the  input  of  the  bandpass  filter  a  locally  generat- 
ed  signal  the  frequency  of  which  is  substantially 

35  equal  to  that  of  the  desired  received  signal  and  a 
control  loop  coupling  an  output  of  the  frequency 
translator  circuit  to  a  tuning  control  input  of  the 
bandpass  filter,  for  automatically  tuning  the 
bandpass  filter  to  substantially  the  frequency  of 

40  said  locally  generated  signal,  characterized  in 
that  the  intermediate  frequency  is  substantially 
zero,  the  means  forapplying  a  locally  generated  sig- 
nal  to  the  input  of  the  bandpass  filter  comprises  a 
coupling  from  an  output  of  the  local  oscillator  circuit 

45  to  the  input  of  the  bandpass  filter,  part  of  the  ar- 
rangement  is  integrated  on  an  encapsulated  semi- 
conductor  chip,  and  the  bandpass  filter  includes  an 
inductor  which  is  present  as  a  discrete  component 
encapsulated  together  with  the  chip. 

50 
2.  An  arrangement  as  claimed  in  Claim  1,  wherein 

the  inductor  comprises  a  bond  wire  connected  to 
the  chip. 

55  3.  An  arrangement  as  claimed  in  Claim  1  or  Claim 
2,  wherein  the  control  loop  is  arranged  to  be  con- 
tinuously  operative  during  the  operating  periods 
of  the  arrangement. 

6 
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4.  An  arrangement  as  claimed  in  any  preceding 
claim,  wherein  the  control  loop  comprises  means 
for  deriving  from  an  output  of  the  frequency  trans- 
lator  circuit  a  tuning  control  signal  which  is  repre- 
sentative  of  the  phase  of  the  oscillatorsignal  ap- 
plied  to  the  second  input  of  the  mixer  circuit  via 
the  bandpass  filter  relative  to  the  phase  of  the  lo- 
cal  oscillatorsignal  applied  to  the  first  input  of  the 
mixer  circuit,  and  applying  said  tuning  control  sig- 
nal  to  said  tuning  control  signal  input. 

5.  An  arrangement  as  claimed  in  any  of  Claim  1  to 
3,  wherein  the  control  loop  comprises  means  for 
deriving  from  an  output  of  the  frequency  transla- 
tor  circuit  a  signal  which  is  representative  of  the 
attenuation  of  the  oscillator  signal  by  the  band- 
pass  filter  and  is  independent  of  the  phase  of  the 
oscillatorsignal  applied  to  the  second  input  of  the 
mixer  circuit  via  the  band  pass  filter  relative  to  the 
phase  of  the  oscillator  signal  applied  to  the  first 
input  of  the  mixer  circuit,  means  for  applying  a 
periodically  varying  tuning  control  signal  to  said 
tuning  control  signal  input,  and  means  for  con- 
trolling  the  direction  of  each  variation  of  the  tun- 
ing  control  signal  in  dependence  on  the  direction 
of  any  variation  of  the  attenuation-representative 
signal  arising  from  the  preceding  variation  of  the 
tuning  control  signal  to  thereby  minimise  said  at- 
tentuation. 

Patentanspruche 

1.  Funkempfangsanordnung  mit  einer  Kaskaden- 
schaltung  aus  einem  Bandpalifilter  fur  ein  ge- 
wunschtes,  empfangenes  Signal,  einer  Frequenz- 
umsetzschaltung  zur  Umsetzung  des  gewunsch- 
ten,  empfangenen  Signals  in  eine  Zwischenfre- 
quenz,  und  einer  Demodulatorschaltung  zur  De- 
modulation  des  in  der  Frequenz  umgesetzten  ge- 
wunschten  empfangenen  Signals,  wobei  diese 
Frequenzumsetzschaltung  eine  Ortsoszillator- 
schaltung  und  eine  Mischerschaltung  aufweist, 
mit  deren  erstem  Eingang  der  Ausgang  der  Orts- 
oszillatorschaltung  gekoppelt  ist  und  mit  deren 
zweitem  Eingang  der  Ausgang  des  Bandpalif  il- 
ters  gekoppelt  ist,  wobei  die  Schaltungsanord- 
nung  eine  Abstimmsteuerschaltung  f  urdas  band- 
palifilter  aufweist,  die  Mittel  enthalt  zum  Zufuh- 
ren  eines  ortlich  erzeugten  Signals  zu  dem  band- 
palifilter,  wobei  die  Frequenz  dieses  Signals  der 
der  gewunschten  empfangenen  Signals  nahezu 
entspricht,  und  eine  Steuerschleife,  die  einen 
Ausgang  der  Frequenzumsetzschaltung  mit  ei- 
nem  Abstimmsteuereingang  des  Bandpalifilters 
koppelt,  zur  automatischen  Abstimmung  des 
Bandpalifilters  auf  hauptsachlich  die  Frequenz 
des  genannten  ortlich  erzeugten  Signals,  da- 

durch  gekennzeichnet,  dali  die  Zwischenfre- 
quenz  im  wesentlichen  Null  ist,  die  Mittel  zum  Zu- 
fuhren  eines  ortlich  erzeugten  Signals  zu  dem 
Eingang  des  Bandpalifilters  eine  Kopplung  von 

5  einem  Ausgang  der  Ortsoszillatorschaltung  zu 
dem  Eingang  des  Bandpalifilters,  wobei  ein  Teil 
der  Schaltungsanordnung  auf  einem  Chip  inte- 
griert  und  darauf  eingekapselt  ist,  und  das  Band- 
palifilter  einen  Induktor  aufweist,  der  als  diskre- 

10  tes  Element  zusammen  mit  dem  Chip  eingekap- 
selt  ist. 

2.  Schaltungsanordnung  nach  Anspruch  1,  wobei 
der  Induktor  einen  mit  dem  Chip  verbundenen 

15  Bond-Draht  aufweist. 

3.  Schaltungsanordnung  nach  Anspruch  1  oder  2, 
wobei  die  Regelschleife  derart  vorgesehen  ist, 
dali  sie  in  den  Arbeitsperioden  der  Schaltungs- 

20  anordnung  stand  ig  operationell  ist. 

4.  Schaltungsanordnung  nach  einem  der  vorstehen- 
den  Anspruche,  wobei  die  Regelschleife  Mittel  auf- 
weist  zum  Ableiten  eines  Abstimmregelsignals  von 

25  einem  Ausgang  der  Frequenzumsetzschaltung, 
welches  Signal  reprasentativ  ist  fur  die  Phase 
des  fiber  das  Bandpalifilter  dem  zweiten  Eingang 
der  Mischerschaltung  zugefuhrten  Oszillatorsi- 
gnals  gegenuber  der  Phase  des  dem  ersten  Ein- 

30  gang  der  Mischerschaltung  zugefuhrten  Ortsos- 
zillatorsignals,  wobei  das  genannte  Abstimmre- 
gelsignal  dem  genannten  Abstimmregelsignal- 
eingang  zugefuhrtwird. 

35  5.  Schaltungsanordnung  nach  einem  der  Anspru- 
che  1  bis  3,  wobei  die  Regelschleife  Mittel  auf- 
weist  zum  Ableiten  eines  Signals  vom  Ausgang 
der  Frequenzumsetzschaltung,  das  reprasenta- 
tiv  istfurdie  Dampfung  des  Oszillatorsignals  vom 

40  Bandpalifilter  und  unabhangig  ist  von  der  Phase 
des  dem  zweiten  Eingang  der  Mischerschaltung 
fiber  das  Bandpalifilter  zugefuhrten  Oszillatorsi- 
gnals  gegenuber  der  Phase  des  dem  ersten  Ein- 
gang  der  Mischerschaltung  zugefuhrten  Oszilla- 

45  torsignals,  sowie  Mittel  zum  Zufuhren  eines  pe- 
riodisch  variierenden  Abstimmregelsignals  zu 
dem  genannten  Abstimmregelsignaleingang, 
und  Mittel  zurregelung  der  Richtung  jederAnde- 
rung  des  Abstimmsignals  in  Abhangigkeit  von  der 

so  Richtung  irgendeiner  Anderung  des  die  Damp- 
fung  reprasentierenden  Signals  herruhrend  von 
der  vorhergehenden  Anderung  des  Abstimmre- 
gelsignals  urn  dadurch  die  genannte  Dampfung 
zu  minimieren. 

55 

7 



13 EP  0  364  035  B1 14 

Revendications 

1  .  Montage  de  circuit  pour  recepteur  radio  compre- 
nant,  en  cascade,  un  f  iltre  passe-bande  pour  un 
signal  recu  souhaite,  un  circuit  de  transposition  5 
de  frequence  pourfaire  passer  le  signal  recu  sou- 
haite  vers  une  frequence  intermediaire  et  un  cir- 
cuit  de  demodulation  pour  demoduler  le  signal 
recu  souhaite  transpose  en  frequence,  ledit  cir- 
cuit  de  transposition  de  frequence  comprenant  10 
un  circuit  oscillateur  local  et  un  circuit  melangeur 
a  une  premiere  entree  duquel  la  sortie  du  circuit 
oscillateur  local  est  connectee  et  a  une  deuxieme 
entree  duquel  la  sortie  du  f  iltre  passe-bande  est 
connectee,  le  montage  comprenant  un  circuit  de  15 
commande  d'accord  pour  le  filtre  passe-bande, 
ce  circuit  de  commande  d'accord  comprenant 
des  moyens  pour  appliquer  a  I'entree  du  filtre 
passe-bande  un  signal  genere  localementdont  la 
frequence  est  sensiblement  egale  a  celle  du  si-  20 
gnal  recu  souhaite  et  une  boucle  de  commande 
couplant  une  sortie  du  circuit  de  transposition  de 
frequence  a  une  entree  de  la  commande  d'ac- 
cord  du  filtre  passe-bande  pour  accorder  auto- 
matiquement  le  filtre  passe-bande  sensiblement  25 
sur  la  frequence  dudit  signal  genere  localement, 
caracterise  en  ce  que  la  frequence  intermediaire 
est  sensiblement  nulle,  les  moyens  pour  appli- 
quer  un  signal  genere  localement  a  I'entree  du  fil- 
tre  passe-bande  comprennent  un  couplage  entre  30 
une  sortie  du  circuit  oscillateur  local  et  I'entree  du 
filtre  passe-bande,  une  partie  du  montage  est  in- 
tegree  sur  une  puce  de  semi-conducteur  encap- 
sulee  et  le  filtre  passe-bande  comprend  une  bo- 
bine  d'inductance  qui  est  presente  sous  la  forme  35 
d'un  composant  discret  encapsule  conjointement 
avec  la  puce. 

2.  Montage  selon  la  revendication  1,  dans  lequel  la 
bobine  d'inductance  comprend  un  fil  metallique  40 
de  liaison  connecte  a  la  puce. 

3.  Montage  selon  la  revendication  1  ou  2  dans  le- 
quel  la  boucle  de  commande  est  agencee  pour 
etre  operationnelle  en  continu  au  cours  des  pe-  45 
riodes  de  fonctionnement  du  montage. 

4.  Montage  selon  I'une  quelconque  des  revendica- 
tions  precedentes,  dans  lequel  la  boucle  de 
commande  comprend  des  moyens  pour  tirer  50 
d'une  sortie  du  circuit  de  transposition  de  fre- 
quence  un  signal  de  commande  d'accord  repre- 
sentatif  de  la  phase  du  signal  de  I'oscillateur  ap- 
pliquee  a  la  deuxieme  entree  du  circuit  melan- 
geur  via  le  filtre  passe-bande  par  rapport  a  la  55 
phase  du  signal  de  I'oscillateur  appliquee  a  la 
premiere  entree  du  circuit  melangeur  et  des 
moyens  pour  appliquer  ledit  signal  de  commande 

d'accord  a  ladite  entree  de  signaux  de  comman- 
de  d'accord. 

5.  Montage  selon  I'une  quelconque  des  revendica- 
tions  1  a  3,  dans  lequel  la  boucle  de  commande 
comprend  des  moyens  pour  tirer  d'une  sortie  du 
circuit  de  transposition  de  frequence  un  signal 
qui  est  representatif  de  I'attenuation  du  signal  de 
I'oscillateur  par  le  filtre  passe-bande  et  est  inde- 
pendant  de  la  phase  du  signal  de  I'oscillateur  ap- 
pliquee  a  la  deuxieme  entree  du  circuit  melan- 
geur  via  le  filtre  passe-bande  par  rapport  a  la 
phase  du  signal  de  I'oscillateur  appliquee  a  la 
premiere  entree  du  circuit  melangeur,  des 
moyens  pour  appliquer  un  signal  de  commande 
d'accord  variant  periodiquement  a  ladite  entree 
de  signaux  de  commande  d'accord,  et  des 
moyens  pour  commander  le  sens  de  chaque  va- 
riation  du  signal  de  commande  d'accord  en  fonc- 
tion  du  sens  d'une  variation  quelconque  du  signal 
representatif  de  I'attenuation  a  partir  de  la  varia- 
tion  precedents  du  signal  de  commande  d'accord 
pour  ainsi  reduire  au  minimum  ladite  attenuation. 
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