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Description 

This  invention  relates  to  a  SAW  (surface  acoustic 
wave)  device  tapped  delay  line,  and  to  apparatus,  es- 
pecially  an  equalizer  for  a  receiver  of  a  microwave  ra- 
dio  digital  signal  transmission  system,  incorporating 
such  a  delay  line. 

Background  of  the  Invention 

It  is  well  known  to  use  SAW  devices  for  filtering 
purposes  in  microwave  radio  transmission  systems. 
With  increasing  capacities  of  such  systems,  very 
stringent  demands  have  been  placed  on  the  design 
and  fabrication  of  such  SAW  devices,  so  that  they 
have  been  developed  to  an  advanced  stage.  For  ex- 
ample,  Suthers  et  al.  United  States  Patent  No. 
4,814,658  issued  March  21,  1989  and  entitled  "SAW 
DEVICE  WITH  CONTINUOUS  FINGER  PATTERN" 
describes  and  claims  an  advanced  form  of  SAW  de- 
vice  which  is  particularly  useful  for  filtering  purposes 
in  microwave  radio  systems,  and  discusses  earlier 
developments  embodied  in  such  a  SAW  device. 

In  addition  to  filters,  microwave  radio  systems  in- 
clude  other  circuits,  such  as  equalizers,  which  can 
benefit  by  the  incorporation  therein  of  appropriate 
SAW  devices.  In  particular,  a  microwave  radio  receiv- 
er  invariably  includes  an  ATDE  (automatic  time  do- 
main  equalizer),  which  may  incorporate  a  transversal 
filter  comprising  a  tapped  delay  line. 

In  conventional  receivers  of  microwave  radio  sys- 
tems  which  use  QAM  (quadrature  amplitude  modula- 
tion,  in  which  signals  are  modulated  onto  two  carrier 
signal  components,  referred  to  by  the  letters  I  and  Q, 
in  phase  quadrature),  the  ATDE  has  typically  been 
provided  at  baseband,  relatively  separately  for  the  I 
and  Q  components.  This  has  necessitated  duplication 
of  many  parts  of  the  ATDE  for  the  I  and  Q  compo- 
nents.  This  is  a  particular  disadvantage  for  ATDEs 
with  delay  lines  with  a  large  number  of  taps,  for  which 
there  is  an  increasing  requirement  with  increasing  ca- 
pacity  of  the  radio  system. 

In  order  to  avoid  this  disadvantage,  it  is  possible 
to  implement  the  ATDE  in  the  IF  (intermediate  fre- 
quency,  typically  70  MHz)  stages  of  the  radio  receiv- 
er.  In  such  an  IF  ATDE,  the  tapped  delay  line  has  to 
date  had  to  be  constituted  by  a  series  of  lumped  delay 
elements,  which  are  bulky  and  expensive  and  have  to 
be  tuned  by  skilled  persons.  These  factors  become  in- 
creasingly  disadvantageous  as  the  number  of  taps  of 
the  delay  line  increases. 

It  is  desirable,  therefore,  to  replace  the  series  of 
lumped  delay  elements  by  a  tapped  delay  line  consti- 
tuted  by  a  SAW  device,  which  is  suited  to  operation 
at  the  intermediate  frequency.  However,  the  nature 
and  properties  of  SAW  devices,  some  of  which  are 
discussed  further  below,  make  it  very  difficult  to  pro- 
vide  a  SAW  device  which  can  meet  the  stringent  de- 

mands  imposed  by  a  high  capacity  microwave  radio 
system. 

In  an  article  by  Carl  M.  Panasik  et  al.  entitled  "A 
32  TAP  DIGITALLY  CONTROLLED  PROGRAMMA- 

5  BLE  TRANSVERSAL  FILTER",  1988  Ultrasonics 
Symposium,  pages  151  to  154,  there  is  described  a 
digitally  controlled  programmable  transversal  filter 
(DCPTF)  which  uses  a  SAW  device  providing  a  delay 
line  with  32  taps.  This  DCPTF  is  intended  for  use  as 

10  a  bandpass  filter  with  a  programmable  center  fre- 
quency  and  bandwidth.  A  radio  frequency  signal  is 
supplied  to  an  input  IDT  (inter-digital  transducer)  of 
the  SAW  device,  and  the  resulting  SAW  propagated 
towards  32  sequentially  spaced  output  IDTs  results  in 

15  variously  delayed  "copies"  of  the  input  signal  at  the 
output  taps.  These  are  weighted  by  respective  tap 
weight  control  amplifiers,  each  constituted  by  a  seg- 
mented  dual-gate  FET  pair  with  binarily  scaled  gains, 
duplicated  for  positive  and  negative  polarities,  whose 

20  outputs  are  summed  to  produce  a  programmably  fil- 
tered  signal. 

Although  this  article  discloses  a  SAW  device  tap- 
ped  delay  line,  such  a  device  is  unsuitable  for  use  in 
a  microwave  radio  receiver  IF  ATDE  as  discussed 

25  above  in  view  of  the  stringent  demands  thereof.  There 
are  a  number  of  reasons  for  this,  arising  from  the  na- 
ture  and  properties  of  SAW  devices.  Apart  from  con- 
siderations  of  reflections  which  are  considered  in  the 
Suthers  et  al.  patent  referred  to  above,  particular  fac- 

30  tors  of  importance  in  relation  to  a  SAW  device  tapped 
delay  line  relate  to  acoustic  regeneration  at  the  output 
IDTs  and  reflections  among  these  IDTs. 

Acoustic  regeneration  at  each  IDT  occurs  in  that 
an  incident  SAW  generates  a  voltage  across  the  IDT, 

35  which  in  turn  regenerates  SAWs  which  propagate 
from  the  IDT  in  both  directions,  these  regenerated 
SAWs  being  incident  on  adjacent  IDTs.  Reflections 
among  IDTs  arise  in  that  mass  and  electrical  loading 
(MEL)  imposed  by  the  IDT  fingers  on  the  substrate  of 

40  the  SAW  device  produce  impedance  discontinuities, 
and  hence  SAW  reflections,  at  the  finger  edges. 
Within  the  individual  IDTs  these  reflections  can  be 
made  self-cancelling  by  the  use  of  split  finger  pairs  as 
is  known  in  the  prior  art,  but  this  is  not  possible  in  an 

45  IF  ATDE  SAW  device  for  reflections  between  the  out- 
put  IDTs.  This  is  because  the  finger  spacing  or  pitch 
is  determined  by  the  center  frequency  (i.e.  the  IF)  at 
which  the  SAW  device  is  designed  to  operate,  where- 
as  the  spacing  or  pitch  of  the  output  IDTs  must  be 

so  equal  to  the  inverse  of  the  symbol  rate  of  the  micro- 
wave  radio  system,  which  is  generally  unrelated  to 
this  center  frequency. 

It  is  also  known  from  Bahr  United  States  Patent 
No.  3,715,674  issued  February  6,  1973  and  entitled 

55  "ELECTRICALLY  CONTROLLED  REFLECTION  OF 
ACOUSTIC  SURFACE  WAVES"  to  propagate  a  SAW 
pulse  from  a  first  transducer  and  reflect  it  at  a  second 
transducer,  the  second  transducer  being  connected 
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to  a  circuit  which  is  electrically  controlled  to  tune  the 
second  transducer  for  nearly  perfect  reflection,  or  to 
enhance  reflection  by  providing  a  negative  resis- 
tance.  A  plurality  of  spaced  second  transducers,  any 
one  of  which  is  so  tuned,  may  be  present  to  provide 
a  variable  acoustic  delay.  Such  an  arrangement  is  not 
a  SAW  device  tapped  delay  line,  and  operates  to  pro- 
mote  rather  than  to  eliminate  reflections  of  the  SAW 
by  the  transducer. 

An  object  of  this  invention,  therefore,  is  to  provide 
an  improved  SAW  device  tapped  delay  line  which  is 
particularly  suitable  for  use  in  an  IF  ATDE  of  a  micro- 
wave  radio  receiver. 

Summary  of  the  Invention 

According  to  this  invention  there  is  provided  a 
SAW  (surface  acoustic  wave)  device  tapped  delay 
line  comprising:  a  SAW  device  including  a  first  IDT  (in- 
ter-digital  transducer)  and  a  plurality  of  substantially 
identical  second  IDTs  arranged  for  propagation  of  a 
SAW  between  the  first  IDT  and  each  of  the  second 
IDTs  with  respective  propagation  delays  differing 
from  one  another  with  a  predetermined  pitch;  charac- 
terized  by  means  terminating  each  of  the  second  IDTs 
with  a  low  impedance  of  the  order  of  1  0  ohms  or  less. 

The  low  impedance  termination  minimizes 
acoustic  regeneration  of  SAWs  by  the  second  IDTs. 
This  is  in  distinct  contrast  to  the  arrangement  descri- 
bed  in  the  Panasik  et  al.  article  discussed  above,  in 
which  the  FET  tap  weight  control  amplifiers  present 
a  relatively  high  impedance  termination  to  the  tapping 
IDTs. 

Preferably  the  means  terminating  the  second 
IDTs  with  a  low  impedance  comprises  a  plurality  of 
buffer  amplifiers  each  having  an  input  with  a  low  input 
impedance  coupled  to  a  respective  one  of  the  second 
IDTs.  Conveniently  each  buffer  amplifier  has  an  input 
impedance  of  the  order  of  1  0  ohms  (for  example  12.5 
ohms  in  the  embodiment  of  the  invention  described 
below)  or  less.  Advantageously  each  buffer  amplifier 
comprises  an  input  transformer  for  impedance  match- 
ing. 

The  second  IDTs  are  preferably  arranged  adja- 
cent  one  another  on  at  least  one  side  of  the  first  IDT, 
the  SAW  device  including  grounded  dummy  fingers 
between  adjacent  ones  of  the  second  IDTs.  The 
grounded  dummy  fingers  between  adjacent  ones  of 
the  second  IDTs  can  have  a  different  width  and  spac- 
ing  from  fingers  of  the  second  IDTs  to  maintain  a  sub- 
stantially  constant  metallization  ratio  in  the  second 
IDTs  and  therebetween.  This  maintains  a  substantial- 
ly  constant  delay  period  between  adjacent  ones  of  the 
second  IDTs,  and  minimizes  reflections  due  to  MEL 
(mass  and  electrical  loading). 

Desirably,  the  first  IDT  comprises  an  apodized 
IDT,  whose  apodization  pattern  can  provide  a  desired 
filtering  function,  and  each  of  the  second  IDTs  com- 

prises  an  unapodized  IDT  so  that  simplicity  and  sub- 
stantial  identity  of  the  second  IDTs  is  facilitated. 

The  invention  also  extends  to  an  equalizer  com- 
5  prising:  a  SAW  (surface  acoustic  wave)  device  tap- 

ped  delay  line  comprising  a  SAW  device  including  a 
first  IDT  (inter-digital  transducer)  and  a  plurality  of 
substantially  identical  second  IDTs  arranged  for  prop- 
agation  of  a  SAW  between  the  first  IDT  and  each  of 

10  the  second  IDTs  with  respective  propagation  delays 
differing  from  one  another  with  a  predetermined 
pitch;  means  for  coupling  a  signal  to  be  equalized  to 
the  first  IDT;  a  plurality  of  buffer  amplifiers,  each  hav- 
ing  an  input  coupled  to  a  respective  one  of  the  second 

15  IDTs;  means  for  weighting  outputs  of  the  buffer  am- 
plifiers  in  dependence  upon  respective  equalizer 
coefficients  to  produce  respective  weighted  signals; 
and  means  for  summing  the  weighted  signals  to  pro- 
duce  an  equalized  signal;  characterized  in  that  the 

20  buffer  amplifiers  each  having  a  low  input  impedance 
thereby  terminating  each  of  the  second  IDTs  with  a 
low  impedance  of  the  order  of  10  ohms  or  less. 

Preferably  the  means  for  weighting  comprise 
multipliers  each  for  multiplying  an  output  of  a  buffer 

25  amplifier  by  a  respective  equalizer  coefficient. 
In  such  an  equalizer  preferably  the  SAW  device 

tapped  delay  line  comprises  2n+1  second  IDTs  and 
2n+1  buffer  amplifiers,  where  n  is  an  integer,  and  the 
multipliers  comprise  2n  multipliers  for  each  of  two 

30  phase  quadrature  signal  components  of  the  signal  to 
be  equalized.  The  means  for  summing  the  weighted 
signals  conveniently  comprises  an  amplifier,  having 
an  input  with  a  low  input  impedance,  and  a  plurality 
of  resistors  each  coupling  a  respective  weighted  sig- 

35  nal  to  the  input  of  said  amplifier. 
The  invention  also  provides  an  equalizer  com- 

prising:  a  SAW  (surface  acoustic  wave)  device  tap- 
ped  delay  line  comprising  a  SAW  device  including  a 
first  IDT  (inter-digital  transducer)  and  a  plurality  of 

40  substantially  identical  second  IDTs  arranged  for  prop- 
agation  of  a  SAW  between  the  first  IDT  and  each  of 
the  second  IDTs  with  respective  propagation  delays 
differing  from  one  another  with  a  predetermined 
pitch;  characterized  by:  means  for  weighting  a  signal 

45  to  be  equalized,  in  dependence  upon  respective 
equalizer  coefficients,  to  produce  respective  weight- 
ed  signals;  a  plurality  of  amplifiers  each  coupling  a  re- 
spective  one  of  the  weighted  signals  to  a  respective 
one  of  the  second  IDTs,  each  amplifier  having  a  low 

so  output  impedance  thereby  terminating  each  of  the 
second  IDTs  with  a  low  impedance  of  the  order  of  10 
ohms  or  less;  and  means  for  deriving  an  equalized 
signal  from  the  first  IDT. 

55  Brief  Description  of  the  Drawings 

The  invention  will  be  further  understood  from  the 
following  description  with  reference  to  the  accompa- 
nying  drawings,  which  are  schematic  and  diagram- 
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matic  only  and  in  which: 
Fig.  1  illustrates  a  known  form  of  IFATDEforami- 
crowave  radio  receiver; 
Fig.  2  illustrates  an  IF  ATDE  using  a  SAW  device 
tapped  delay  line  in  accordance  with  an  embodi- 
ment  of  this  invention; 
Fig.  3  illustrates  IDTs  of  the  SAW  device  of  Fig. 
2; 
Fig.  4  illustrates  an  arrangement  of  two  adjacent 
output  IDTs  of  the  SAW  device  of  Fig.  2; 
Fig.  5  is  a  cross-sectional  illustration  of  IDT  fin- 
gers,  the  section  being  taken  on  the  line  V-V  of 
Fig.  4; 
Figs.  6  and  7  are  cross-sectional  illustrations, 
similar  to  Fig.  4,  of  alternative  output  IDT  finger 
arrangements; 
Figs.  8  and  9  illustrate  alternative  forms  of  a  low 
input  impedance  buffer  amplifier  of  the  IF  ATDE 
of  Fig.  2; 
Fig.  10  illustrates  a  summing  amplifier  and  asso- 
ciated  resistors  of  the  IF  ATDE  of  Fig.  2;  and 
Fig.  11  illustrates  another  form  of  IF  ATDE  using 
a  SAW  device  tapped  delay  line  in  accordance 
with  this  invention. 
Referring  to  Fig.  1,  there  is  illustrated  a  known 

form  of  ATDE  for  a  QAM  microwave  radio  receiver  for 
equalizing  I  and  Q  components  at  an  IF  of  the  receiv- 
er.  Fig.  1  also  shows  an  IF  shaping  filter  10,  which  is 
part  of  the  IF  circuitry,  via  which  an  input  IF  signal  is 
supplied  to  the  ATDE.  The  ATDE  consists  of  an  input 
buffer  ampl  if  ier  12,  a  transversal  filter  14,  and  a  quad- 
rature  hybrid  orsignal  combiner  16  which  produces  an 
equalized  IF  output  signal  for  subsequent  demodula- 
tion.  The  transversal  filter  14  comprises  a  tapped  de- 
lay  line  having  2n  similar  lumped  delay  elements  18, 
each  providing  a  delay  of  T  which  is  the  inverse  of  the 
symbol  rate  of  the  microwave  radio  transmission  sys- 
tem,  n  being  an  integer;  2n  multipliers  20  coupled  to 
respective  taps  of  the  delay  line  for  multiplying  signal 
components  from  these  taps  by  respective  I  compo- 
nent  equalization  coefficients  Ln  to  l+n;  a  summing 
amplifier  22  for  summing  the  outputs  of  the  multipliers 
20  and  a  central  tap  signal  component  on  a  line  24  to 
produce  an  I  component  signal  for  the  quadrature  hy- 
brid  16;  2n  multipliers  26  coupled  similarly  to  the  mul- 
tipliers  20  for  multiplying  the  signal  components  from 
these  taps  by  respective  Q  component  equalization 
coefficients  Q.n  to  Q+n;  and  a  summing  amplifier  28 
for  summing  the  outputs  of  the  multipliers  26  to  pro- 
duce  a  Q  component  signal  for  the  quadrature  hybrid 
16.  The  equalizer  coefficients  are  produced  and  au- 
tomatically  updated  by  control  circuitry  which  is  not 
shown. 

As  already  discussed,  such  a  known  form  of 
ATDE  has  the  disadvantage  of  using  bulky  and  ex- 
pensive  lumped  elements  for  the  delay  line,  which 
elements  also  require  tuning  by  skilled  persons.  This 
disadvantage  increases  with  the  value  of  the  integer 

n. 

Description  of  the  Preferred  Embodiment 
5 

Fig.  2  illustrates  an  IF  ATDE  using  a  SAW  device 
tapped  delay  line  in  accordance  with  an  embodiment 
of  this  invention,  in  which  this  disadvantage  of  the  pri- 
or  art  is  substantially  eliminated.  In  addition,  it  is  ob- 

10  served  here  that  the  ATDE  of  Fig.  2  enables  the  dis- 
crete  IF  shaping  filter  10  in  the  arrangement  of  Fig.  1 
to  be  dispensed  with,  in  that  the  filtering  function  of 
this  filter  can  be  embodied  in  the  apodization  pattern 
of  the  apodized  IDT  in  the  SAW  device  used  in  Fig.  2 

15  as  described  below. 
In  the  IF  ATDE  of  Fig.  2,  the  tapped  delay  line  is 

constituted  by  a  SAW  device  30  with  2n+1  tapped  out- 
put  IDTs  32  coupled  to  respective  ones  of  2n+1  low  in- 
put  impedance  (Z!N)  buffer  amplifiers  34  as  described 

20  further  below.  An  input  IF  signal  is  coupled  to  an  apo- 
dized  input  IDT  36  of  the  SAW  device  30  via  a  low  out- 
put  impedance  buffer  amplifier  38  and  optional  series 
tuning  resistor  40  and  inductor  42.  Outputs  of  the  buf- 
fer  amplifiers  34,  multiplied  by  respective  I  and  Q 

25  component  coefficients  in  multipliers  44  similarly  to 
the  multipliers  20  and  26  of  Fig.  1,  produce  currents 
which  are  summed  via  resistors  46  and  low  input  im- 
pedance  summing  amplifiers  48  and  50  for  the  I  and 
Q  signal  components  respectively,  whose  outputs  are 

30  combined  in  a  quadrature  hybrid  52  to  produce  an 
equalized  output  IF  signal. 

Fig.  3  illustrates  in  greater  detail  the  form  of  the 
IDTs  32  and  36  of  the  SAW  device  30.  The  input  IDT 
36  is  an  apodized  IDT  with  a  driven  conductive  rail  54, 

35  a  grounded  conductive  rail  56,  an  apodization  pattern 
having  an  axis,  shown  by  a  broken  line  58,  which  has 
the  shape  of  a  V  extending  from  the  ends  of  the  driven 
rail  54,  and  grounded  front  and  rear  tapered  reflection 
suppressing  dummy  finger  regions  60  and  62  respec- 

40  tively,  all  of  the  form  known  from  the  Suthers  etal.  pa- 
tent  referred  to  above.  As  described  in  greater  detail 
below  with  reference  to  Fig.  4,  the  2n+1  output  IDTs 
32  are  unapodized  IDTs  which  are  all  substantially 
identical  to  one  another,  with  a  common  grounded 

45  conductive  rail  64,  which  is  distinctfrom  the  grounded 
rail  56  to  provide  isolation  between  the  input  and  out- 
puts  of  the  SAW  device,  and  with  respective  output 
connections  numbered  1  to  2n+1  in  Fig.  3.  The  IDTs 
32  are  spaced  from  one  another  with  a  pitch  which 

so  corresponds  to  the  symbol  rate;  in  other  words  the 
spacing  of  the  IDTs  32  is  such  that  a  SAW  propagated 
from  the  input  IDT  36  reaches  successive  output  IDTs 
32  after  successive  delays  T.  Grounded  dummy  fin- 
gers  are  provided  in  regions  66  between  adjacent  out- 

55  put  IDTs  32,  and  grounded  tapered  reflection  sup- 
pressing  regions  68  are  provided  adjacent  the  end 
output  IDTs  32  numbered  1  and  2n+1,  the  former  re- 
gion  complementing  the  taper  of  the  fingers  60  in  the 
manner  described  in  the  Suthers  etal.  patent  referred 

4 



7 EP  0  482  033  B1 8 

to  above. 
Fig.  4  illustrates  in  greater  detail  the  arrangement 

of  two  adjacent  output  IDTs  32;  the  grounded  conduc- 
tive  rails  64  thereof  may  be  separate  as  shown  by  sol- 
id  lines,  in  which  case  they  may  be  externally  inter- 
connected,  or  they  may  be  continuous  as  shown  by 
broken  lines  in  Fig.  4.  The  output  rails  are  referenced 
70  in  Fig.  4. 

In  Fig.  4,  each  IDT  32  is  shown  as  extending  over 
a  distance  of  2.5  wavelengths  X  of  the  SAW,  with 
pairs  of  inter-digital  fingers  72  extending  alternately 
from  the  grounded  and  output  rails.  Each  finger  72, 
and  each  gap  between  two  adjacent  fingers  72,  has 
a  width  of  XI8,  the  IDTs  thereby  having  a  metallization 
ratio  of  0.5.  For  the  reasons  already  discussed  above, 
the  pitch  or  center-to-center  spacing  P  of  the  IDTs  32, 
and  hence  the  distance  d  between  adjacent  IDTs  32, 
is  not  generally  an  integral  multiple  of  XI2,  so  that  the 
grounded  dummy  fingers  74  in  the  regions  66  be- 
tween  the  IDTs  must  have  a  different  width  and/or 
spacing  from  the  fingers  72  of  the  IDTs.  The  widths 
of  these  fingers  74  and  the  gaps  therebetween  are 
selected  also  to  provide  a  metallization  ratio  of  sub- 
stantially  0.5  to  maintain  a  substantially  constant  SAW 
velocity,  and  hence  a  substantially  constant  delay  T 
between  successive  output  IDTs  32. 

Fig.  5  illustrates  a  cross-section  of  the  fingers  72 
and  74,  taken  over  one  pitch  period  P  on  the  line  V-V 
of  Fig.  4,  on  the  substrate  76  of  the  SAW  device  30, 
and  shows  more  clearly  the  different  widths  of  the  fin- 
gers  72  and  74  and  of  the  gaps  therebetween.  In  Fig. 
5,  fingers  72  connected  to  the  output  of  the  respective 
IDT  are  shown  unhatched,  fingers  72  connected  to 
the  grounded  rail  64  are  shown  hatched  in  the  same 
direction  as  the  substrate  76,  and  the  grounded  dum- 
my  fingers  74  are  shown  with  opposite  hatching. 

Figs.  6  and  7  show,  in  the  same  manner  as  Fig. 
5,  alternative  arrangements  in  which  each  IDT  32  ex- 
tends  for  a  lesser  distance  of  respectively  2  and  1.5 
wavelengths  I,  the  number  of  grounded  dummy  fin- 
gers  74  and  the  distance  d  increasing  accordingly.  In 
each  case,  the  pitch  P  and  the  metallization  ratio  of 
0.5  are  maintained  constant. 

The  arrangements  of  the  output  IDTs  32  descri- 
bed  above  reduce  to  a  low  level  the  problem  of  reflec- 
tions  due  to  MEL  discussed  in  the  introduction.  The 
problem  of  acoustic  regeneration  at  the  output  IDTs 
32  also  discussed  in  the  introduction  is  reduced  by 
the  termination  of  each  of  the  output  IDTs  32  with  a 
low  impedance,  provided  by  the  low  input  impedance 
of  the  buffer  amplifiers  34  to  which  all  the  output  IDTs 
32  are  coupled  as  shown  in  Fig.  2. 

More  particularly,  each  output  IDT  32  is  termin- 
ated  with  an  impedance  which  is  as  low  as  possible, 
whilst  avoiding  an  excessive  insertion  loss  for  the 
SAW  device.  The  insertion  loss  of  the  SAW  device  in- 
creases  with  decreasing  terminating  impedance,  be- 
cause  less  energy  is  transferred  at  the  outputs;  how- 

ever,  the  mismatch  at  the  output  IDTs  reduces  the  lev- 
el  of  acoustic  regeneration.  In  practice,  a  compromise 
must  be  reached,  for  terminating  each  output  IDT  32, 

5  between  an  impedance  which  is  as  small  as  possible, 
for  example  less  than  about  10  ohms,  to  provide  mini- 
mal  acoustic  regeneration,  and  a  higher  impedance 
for  reduced  insertion  loss.  An  impedance  of  about 
12.5  ohms  has  been  found  to  be  acceptable  for  a  SAW 

10  device  with  output  IDTs  32  as  illustrated  in  Figs.  4  and 
5. 

To  this  end,  Fig.  8  illustrates  a  preferred  form  of 
each  buffer  amplifier  34.  The  buffer  amplifier  shown 
in  Fig.  8  comprises  an  amplifier  80  having  differential 

15  inputs  with  an  input  impedance  of  50  ohms,  coupled 
to  the  secondary  of  a  transformer  or  balun  82  whose 
primary  is  connected  between  the  output  of  the  re- 
spective  output  IDT  32  and  ground.  The  transformer 
82  is  a  small  ferrite-cored  bifilar-wound  transformer 

20  having  only  a  few  turns  providing  a  2:1  turns  ratio,  and 
hence  a  4:1  impedance  ratio,  to  present  a  terminating 
impedance  of  12.5  ohms  to  the  IDT  32.  The  amplifier 
80  can  have  a  common  emitter  transistor  input  stage, 
and  has  an  output  impedance  of  75  ohms. 

25  An  alternative  form  of  each  buffer  amplifier  34  is 
illustrated  in  Fig.  9;  this  has  the  advantage  that  the 
amplifiers  34  may  potentially  be  integrated  directly 
with  the  SAW  device  30,  but  has  the  disadvantage  of 
increased  noise  compared  with  the  amplifier  of  Fig. 

30  8.  Referring  to  Fig.  9,  the  amplifier  shown  therein 
comprises  a  common  base  transistor  input  stage  84, 
providing  the  amplifier  with  the  desired  input  impe- 
dance  of  12.5  ohms,  and  a  two-transistor  Darlington 
output  stage  86  providing  an  output  impedance  of  75 

35  ohms. 
The  multipliers  44  in  the  ATDE  of  Fig.  2  each  com- 

prise  a  commercially  available  high  speed  double  bal- 
anced  mixer,  integrated  circuit  type  MC12002,  provid- 
ing  75  ohm  input  and  output  impedances. 

40  As  illustrated  in  Fig.  2,  the  outputs  of  the  multipli- 
ers  44  and  the  central  tap  buffer  amplifier  34  are  sum- 
med  via  the  summing  resistors  46  in  the  summing  am- 
plifiers  48  and  50.  Fig.  10  illustrates  one  of  the  sum- 
ming  amplifiers  and  its  associated  summing  resistors 

45  46,  each  of  which  has  a  resistance  of  75  ohms  to 
match  the  output  impedance  of  the  buffer  amplifier  34 
or  multiplier  44  to  which  it  is  connected.  The  summing 
amplifier  itself  has  a  low  input  impedance,  of  the  order 
of  3  ohms,  to  provide  a  large  degree  of  isolation  be- 

50  tween  the  signals  being  summed. 
To  this  end,  the  summing  amplifier  includes  a 

common  base  transistor  input  stage  88,  with  a  com- 
mon  collector  transistor  output  stage  90  with  an  out- 
put  impedance  of  75  ohms  for  feeding  the  quadrature 

55  hybrid  52. 
Although  a  particular  embodiment  of  the  inven- 

tion,  applied  to  a  microwave  radio  receiver  IF  ATDE, 
has  been  described  in  detail  above,  it  should  be  ap- 
preciated  that  the  invention  is  also  applicable  in  other 

5 



g EP  0  482  033  B1 10 

ways  and  to  other  purposes  in  which  the  use  of  a  SAW 
device  tapped  delay  line  is  desired. 

As  one  example  of  an  alternative  arrangement, 
Fig.  11  illustrates  an  inverted  form  of  IF  ATDE  in  which 
the  SAW  device  30  is  used  in  the  opposite  direction; 
i.e.  the  sequential  unapodized  IDTs  32  are  used  as  in- 
puts  and  the  apodized  IDT  36  is  used  as  an  output, 
coupled  to  an  output  amplifier  92.  In  this  arrangement 
the  IDTs  32  are  still  terminated  with  low  impedances 
for  the  reasons  described  above,  these  being  consti- 
tuted  by  the  low  output  impedances  Z0ut  of  amplifiers 
94.  The  amplifiers  94  are  supplied  with  input  signals 
by  quadrature  combiners  96,  which  combine  the  out- 
puts  of  pairs  of  multipliers  44  which  multiply  the  I  and 
Q  component  signals  by  the  respective  equalizer 
coefficients.  The  I  and  Q  component  signals  are  pro- 
duced  from  an  IF  input  signal  by  a  quadrature  splitter 
98.  This  arrangement  is  less  desirable  than  that  of 
Fig.  2,  as  it  requires  that  the  2n+1  IDTs  32  be  driven, 
rather  than  only  one  IDT  36  as  in  Fig.  2,  with  conse- 
quently  higher  power  consumption  and  dissipation. 

In  addition,  it  is  observed  that  the  SAW  device  30 
may  take  different  forms  from  that  described  above. 
For  example,  in  order  to  enable  each  output  IDT  to  ex- 
tend  over  a  greater  number  of  wavelengths  X,  to  in- 
crease  the  distance  d  between  adjacent  output  IDTs, 
and/or  to  decrease  insertion  loss,  the  output  IDTs 
may  be  distributed  on  both  sides  (front  and  rear)  of 
the  input  IDT  36  instead  of  only  one  side  as  in  Fig.  3, 
thereby  utilizing  the  SAWs  propagated  in  opposite  di- 
rections  from  the  input  IDT  36.  Thus  on  one  side  of  the 
IDT  36  the  odd-numbered  output  IDTs  1,3,.. .   2n+1 
may  be  provided,  with  pitch  corresponding  to  a  delay 
of  2T  between  adjacent  IDTs,  and  on  the  other  side 
of  the  IDT  36  the  even-numbered  output  IDTs  2,  4,  . . .  
2n  may  be  provided,  also  with  a  pitch  corresponding 
to  a  delay  of  2T  between  adjacent  IDTs. 

Numerous  other  modifications,  variations,  and 
adaptations  may  be  made  to  the  described  embodi- 
ments  of  the  invention  without  departing  from  the 
scope  of  the  invention  as  defined  in  the  claims. 

Claims 

1.  A  SAW  (surface  acoustic  wave)  device  tapped 
delay  line  comprising  a  SAW  device  (30)  includ- 
ing  a  first  IDT  (inter-digital  transducer)  (36)  and  a 
plurality  of  substantially  identical  second  IDTs 
(32)  arranged  for  propagation  of  a  SAW  between 
the  first  IDT  and  each  of  the  second  IDTs  with  re- 
spective  propagation  delays  differing  from  one 
another  with  a  predetermined  pitch;  character- 
ized  by: 

means  (34)  terminating  each  of  the  sec- 
ond  IDTs  with  a  low  impedance  of  the  order  of  10 
ohms  or  less. 

2.  A  SAW  device  tapped  delay  line  as  claimed  in 
claim  1  wherein  the  means  terminating  the  sec- 
ond  IDTs  (32)  with  a  low  impedance  comprises  a 

5  plurality  of  buffer  amplifiers  (34)  each  having  an 
input  with  a  low  input  impedance  coupled  to  a  re- 
spective  one  of  the  second  IDTs. 

3.  A  SAW  device  tapped  delay  line  as  claimed  in 
10  claim  2  wherein  each  buffer  amplifier  (34)  com- 

prises  an  input  transformer  (82). 

4.  A  SAW  device  tapped  delay  line  as  claimed  in 
claim  1  wherein  the  second  IDTs  (32)  are  ar- 

15  ranged  adjacent  one  another  on  at  least  one  side 
of  the  first  IDT  (35),  and  including  grounded  dum- 
my  fingers  (74)  between  adjacent  ones  of  the 
second  IDTs. 

20  5.  A  SAW  device  tapped  delay  line  as  claimed  in 
claim  4  wherein  the  grounded  dummy  fingers 
(74)  between  adjacent  ones  of  the  second  IDTs 
(32)  have  a  different  width  and  spacing  from  fin- 
gers  (72)  of  the  second  IDTs  to  maintain  a  sub- 

25  stantially  constant  metallization  ratio  in  the  sec- 
ond  IDTs  and  therebetween. 

6.  A  SAW  device  tapped  delay  line  as  claimed  in 
claim  1,  2,  3,  4,  or  5  wherein  the  first  IDT  (36) 

30  comprises  an  apodized  IDT. 

7.  A  SAW  device  tapped  delay  line  as  claimed  in 
claim  1,  2,  3,  4,  or  5  wherein  the  first  IDT  (36) 
comprises  an  apodized  IDT  and  each  of  the  sec- 

35  ond  IDTs  (32)  comprises  an  unapodized  IDT. 

8.  An  equalizer  comprising: 
A  SAW  (surface  acoustic  wave)  device 

tapped  delay  line  comprising  a  SAW  device  (30) 
40  including  a  first  IDT  (inter-digital  transducer)  (36) 

and  a  plurality  of  substantially  identical  second 
IDTs  (32)  arranged  for  propagation  of  a  SAW  be- 
tween  the  first  IDT  and  each  of  the  second  IDTs 
with  respective  propagation  delays  differing  from 

45  one  another  with  a  predetermined  pitch; 
means  (38,  40,  42)  for  coupling  a  signal  to 

be  equalized  to  the  first  IDT; 
a  plurality  of  buffer  amplifiers  (34),  each 

having  an  input  coupled  to  a  respective  one  of  the 
so  second  IDTs; 

means  (44)  for  weighting  outputs  of  the 
buffer  amplifiers  in  dependence  upon  respective 
equalizer  coefficients  to  produce  respective 
weighted  signals;  and 

55  means  (46,  48,  50,  52)  for  summing  the 
weighted  signals  to  produce  an  equalized  signal; 
characterized  in  that: 

the  buffer  amplifiers  each  having  a  low  in- 
put  impedance  thereby  terminating  each  of  the 

6 
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second  IDTs  with  a  low  impedance  of  the  order  of 
10  ohms  or  less. 

9.  An  equalizer  as  claimed  in  claim  8  wherein  the 
means  for  weighting  comprise  multipliers  (44) 
each  for  multiplying  an  output  of  a  buffer  amplifier 
by  a  respective  equalizer  coefficient. 

10.  An  equalizer  as  claimed  in  claim  9  wherein  the 
SAW  device  tapped  delay  line  comprises  2n+1 
second  IDTs  (32)  and  2n+1  buffer  amplifiers  (34), 
where  n  is  an  integer,  and  wherein  the  multipliers 
(44)  comprise  2n  multipliers  for  each  of  two  phase 
quadrature  signal  components  of  the  signal  to  be 
equalized. 

1  1  .  An  equalizer  as  claimed  in  claim  8,  9,  or  1  0  where- 
in  the  means  for  summing  the  weighted  signals 
comprises  an  amplifier  (48,  50),  having  an  input 
with  a  low  input  impedance,  and  a  plurality  of  re- 
sistors  (46)  each  coupling  a  respective  weighted 
signal  to  the  input  of  said  amplifier. 

12.  An  equalizer  comprising: 
a  SAW  (surface  acoustic  wave)  device 

tapped  delay  line  comprising  a  SAW  device  (30) 
including  a  first  IDT  (inter-digital  transducer)  (36) 
and  a  plurality  of  substantially  identical  second 
IDTs  (32)  arranged  for  propagation  of  a  SAW  be- 
tween  the  first  IDT  and  each  of  the  second  IDTs 
with  respective  propagation  delays  differing  from 
one  another  with  a  predetermined  pitch;  charac- 
terized  by: 

means  (44,  96)  for  weighting  a  signal  to  be 
equalized,  in  dependence  upon  respective  equal- 
izer  coefficients,  to  produce  respective  weighted 
signals; 

a  plurality  of  amplifiers  (94)  each  coupling 
a  respective  one  of  the  weighted  signals  to  a  re- 
spective  one  of  the  second  IDTs,  each  amplifier 
having  a  low  output  impedance  thereby  terminat- 
ing  each  of  the  second  IDTs  with  a  low  impe- 
dance  of  the  order  of  10  ohms  or  less;  and 

means  (92)  for  deriving  an  equalized  sig- 
nal  from  the  first  IDT. 

Patentanspruche 

1.  Angezapfte  SAW-(akustische  Oberflachenwel- 
len-)  Bauteil-Verzogerungsleitung  mit  einem 
SAW-Bauteil  (30),  das  einen  ersten  IDT  (interdi- 
gitalen  Wandler)  (36)  und  eine  Vielzahl  von  im 
wesentlichen  identischen  zweiten  IDT's  (32)  ein- 
schlielit,  die  zur  Ausbreitung  einer  akustischen 
Oberflachenwelle  zwischen  dem  ersten  IDT  und 
jedem  der  zweiten  IDT's  mit  jeweiligen  Ausbrei- 
tungsverzogerungen  angeordnet  sind,  die  sich 

voneinander  mit  einer  vorgegebenen  Teilung  un- 
terscheiden,  gekennzeichnet  durch: 

Einrichtungen  (34),  die  jeden  der  zweiten 
5  IDT's  mit  einer  niedrigen  Impedanz  in  der  Gro- 

lienordnung  von  10  Ohm  oderwenigerabschlie- 
lien. 

2.  Angezapfte  SAW-Bauteil-Verzogerungsleitung 
10  nach  Anspruch  1,  bei  der  die  die  zweiten  IDT's  32 

mit  einer  niedrigen  Impedanz  abschlielienden 
Einrichtungen  eine  Vielzahl  von  Pufferverstar- 
kern  (34)  umfassen,  die  jeweils  einen  Eingang 
mit  einer  niedrigen  Impedanz  aufweisen,  der  mit 

15  einem  jeweiligen  der  zweiten  IDT's  gekoppelt  ist. 

3.  Angezapfte  SAW-Bauteil-Verzogerungsleitung 
nach  Anspruch  2,  bei  der  jeder  Pufferverstarker 
(34)  einen  Eingangstransformator  (82)  aufweist. 

20 
4.  Angezapfte  SAW-Bauteil-Verzogerungsleitung 

nach  Anspruch  1,  bei  der  die  zweiten  IDT's  (32) 
benachbart  zueinander  auf  zumindestens  einer 
Seite  des  ersten  IDT  (35)  angeordnet  sind,  unter 

25  Einschluli  von  geerdeten  Blindfingern  (74)  zwi- 
schen  benachbarten  der  zweiten  IDT's. 

5.  Angezapfte  SAW-Bauteil-Verzogerungsleitung 
nach  Anspruch  4,  bei  der  die  geerdeten  Blindf  in- 

30  ger  (74)  zwischen  benachbarten  der  zweiten 
IDT's  32  eine  andere  Breite  und  einen  anderen 
Abstand  alsdie  Finger  (72)  der  zweiten  IDT's  auf- 
weisen,  urn  ein  im  wesentlichen  konstantes  Me- 
tallisierungsverhaltnis  in  den  zweiten  IDT's  und 

35  zwischen  diesen  aufrechtzuerhalten. 

6.  Angezapfte  SAW-Bauteil-Verzogerungsleitung 
nach  Anspruch  1,2,3,4  oder  5,  bei  der  der  erste 
IDT  (36)  einen  apodisierten  IDT  umfalit. 

40 
7.  Angezapfte  SAW-Bauteil-Verzogerungsleitung 

nach  Anspruch  1,2,3,4  oder  5,  bei  der  der  erste 
IDT  (36)  einen  apodisierten  IDT  umfalit  und  jeder 
der  zweiten  IDT's  (32)  einen  unapodisierten  IDT 

45  umfalit. 

8.  Entzerrer  mit: 
einer  angezapften  SAW-(akustische 

Oberflachenwellen-)  Bauteil-Verzogerungslei- 
50  tung,  die  ein  SAW-Bauteil  (30)  mit  einem  ersten 

IDT  (interdigitalen  Wandler)  (36)  und  einer  Viel- 
zahl  von  im  wesentlichen  identischen  zweiten 
IDT's  (32)  einschlielit,  die  fur  die  Ausbreitung  ei- 
ner  akustischen  Oberflachenwelle  zwischen  dem 

55  ersten  IDTundjedemderzweiten  IDT's  mit  jewei- 
ligen  Ausbreitungsverzogerungen  angeordnet 
sind,  die  sich  voneinander  mit  einer  vorgegebe- 
nen  Teilung  unterscheiden, 

Einrichtungen  (38,40,42)  zur  Ankopplung 
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eines  zu  entzerrenden  Signals  an  den  ersten  IDT, 
eine  Vielzahl  von  Pufferverstarkern  (34), 

die  jeweils  einen  mit  einem  jeweiligen  der  zweiten 
IDT's  gekoppelten  Eingang  aufweisen, 

Einrichtungen  zur  Bewertung  der  Ausgan- 
ge  der  pufferverstarker  in  Abhangigkeit  von  je- 
weiligen  Entzerrerkoeffizienten  zur  Erzeugung 
jeweiliger  bewerteter  Signale,  und 

Einrichtungen  (46,48,50,52)  zum  Sum- 
mieren  der  bewerteten  Signale  zur  Erzeugung  ei- 
nes  entzerrten  Signals,  dadurch  gekennzeich- 
net,  daft 

die  Pufferverstarker  jeweils  eine  niedrige 
Eingangsimpedanz  aufweisen,  wodurch  jeder 
derzweiten  IDT's  mit  einer  niedrigen  Impedanz  in 
der  Grolienordnung  von  10  Ohm  oder  weniger 
abgeschlossen  wird. 

9.  Entzerrer  nach  Anspruch  8, 
bei  dem  die  Bewertungseinrichtungen  Multipli- 
zierer  (44)  jeweils  zur  Multiplikation  eines  Aus- 
ganges  eines  Pufferverstarkers  mit  einem  jewei- 
ligen  Entzerrerkoeffizienten  umfassen. 

10.  Entzerrer  nach  Anspruch  9, 
bei  dem  die  angezapfte  SAW-Bauteil-Verzoge- 
rungsleitung  2n+1  zweite  IDT's  (32)  und  2n+1 
Pufferverstarker  34  umfalit,  worin  n  eine  ganze 
Zahl  ist,  und  bei  dem  die  Multiplizierer  (44)  2n 
Multipliziererfur  jedes  der  beiden  Phasenquadra- 
tur-Signalkomponenten  des  zu  entzerrenden  Si- 
gnals  umfassen. 

11.  Entzerrer  nach  Anspruch  8,  9  oder  10, 
bei  dem  die  Einrichtungen  zur  Summierung  der 
bewerteten  Signale  einen  Verstarker  (48,50)  mit 
einem  Eingang  mit  einer  niedrigen  Eingangsim- 
pedanz  und  eine  Vielzahl  von  Widerstanden  (46) 
umfassen,  die  jeweils  ein  jeweiliges  bewertetes 
Signal  dem  Eingang  des  Verstarkers  zufuhren. 

12.  Entzerrer  mit: 
einer  angezapften  SAW-(akustische 

Oberflachenwellen-)  Bauteil-Verzogerungslei- 
tung  mit  einem  SAW-Bauteil  (30),  das  einen  er- 
sten  IDT  (interdigitalen  Wandler)  (36)  und  eine 
Vielzahl  von  im  wesentlichen  identischen  zweiten 
IDT's  (32)  einschlielit,  die  fur  die  Ausbreitung  ei- 
ner  akustischen  Oberflachenwelle  zwischen  dem 
ersten  IDT  und  jedem  derzweiten  IDT's  mit  jewei- 
ligen  Ausbreitungsverzogerungen  angeordnet 
sind,  die  sich  voneinander  mit  einer  vorgegebe- 
nen  Teilung  unterscheiden,  gekennzeichnet 
durch: 

Einrichtungen  (44,96)  zur  Bewertung  ei- 
nes  zu  entzerrenden  Signals  in  Abhangigkeit  von 
jeweiligen  Entzerrerkoeffizienten  zur  Erzeugung 
jeweiliger  bewerteter  Signale, 

eine  Vielzahl  von  Verstarkern  (94),  die  je- 
weils  ein  jeweiliges  der  bewerteten  Signale  ei- 
nem  jeweiligen  derzweiten  IDT's  zufuhren,  wobei 

5  jeder  Verstarker  eine  niedrige  Ausgangsimpe- 
danz  aufweist,  wodurch  jeder  der  zweiten  IDT's 
mit  einer  niedrigen  Impedanz  in  der  Grolienord- 
nung  von  10  Ohm  oder  weniger  abgeschlossen 
wird,  und 

10  Einrichtungen  (92)  zur  Ableitung  eines 
entzerrten  Signals  von  dem  ersten  IDT. 

Revendications 
15 

1.  Ligne  a  retard  a  prises  a  dispositif  a  ondes  acous- 
tiques  de  surface,  comprenant  un  dispositif  (30) 
a  ondes  acoustiques  de  surface  comprenant  un 
premier  transducteur  imbrique  (36)  et  plusieurs 

20  seconds  transducteurs  imbriques  pratiquement 
identiques  (32)  destines  a  assurer  la  propagation 
d'une  onde  acoustique  de  surface  entre  le  pre- 
mier  transducteur  imbrique  et  chacun  des  se- 
conds  transducteurs  imbriques  avec  des  retards 

25  respectifs  de  propagation  qui  different  les  uns 
des  autres  avec  un  pas  predetermine,  caracteri- 
see  par 

un  dispositif  (34)  de  terminaison  de  cha- 
cun  des  seconds  transducteurs  imbriques  avec 

30  unefaible  impedance  dont  la  valeurestde  I'ordre 
de  10  Q  ou  moins. 

2.  Ligne  selon  la  revendication  1,  dans  laquelle  le 
dispositif  de  terminaison  des  seconds  transduc- 

35  teurs  imbriques  (32)  par  une  faible  impedance 
comporte  plusieurs  amplificateurs  tampons  (34) 
ayant  chacun  une  entree  ayant  une  faible  impe- 
dance  d'entree,  couples  a  un  second  transduc- 
teur  imbrique  respectif. 

40 
3.  Ligne  selon  la  revendication  2,  dans  laquelle  cha- 

que  ampl  if  icateur  tampon  (34)  est  un  transforma- 
teur  d'entree  (82). 

45  4.  Ligne  selon  la  revendication  1,  dans  laquelle  les 
seconds  transducteurs  imbriques  (32)  sont  pla- 
ces  les  uns  pres  des  autres  d'un  cote  au  moins 
du  premier  transducteur  imbrique  (35),  et 
comprenant  des  doigts  factices  a  la  masse  (74) 

so  places  entre  des  seconds  transducteurs  imbri- 
ques  adjacents. 

5.  Ligne  selon  la  revendication  4,  dans  laquelle  les 
doigts  factices  (74)  a  la  masse  places  entre  des 

55  seconds  transducteurs  imbriques  adjacents  (32) 
ont  une  largeur  et  un  espacement  differents  de 
ceux  des  doigts  (72)  des  seconds  transducteurs 
imbriques  de  maniere  qu'un  rapport  de  metallisa- 
tion  soit  maintenu  a  une  valeur  pratiquement 
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constante  dans  les  seconds  transducteurs  imbri- 
ques  et  entre  ceux-ci. 

6.  Ligne  selon  la  revendication  1  ,  2,  3,  4  ou  5,  dans 
laquelle  le  premier  transducteur  imbrique  (36)  est 
un  transducteur  imbrique  apodise. 

7.  Ligne  selon  la  revendication  1  ,  2,  3,  4  ou  5,  dans 
laquelle  le  premier  transducteur  imbrique  (36) 
comporte  un  transducteur  imbrique  apodise  et 
chacun  des  seconds  transducteurs  imbriques 
(32)  est  un  transducteur  imbrique  apodise. 

8.  Egaliseur  comprenant  : 
une  ligne  a  retard  a  prises  a  dispositif  a  on- 

des  acoustiques  de  surface,  comprenant  un  dis- 
positif  (30)  a  ondes  acoustiques  de  surface  ayant 
un  premier  transducteur  imbrique  (36)  et  plu- 
sieurs  seconds  transducteurs  imbriques  prati- 
quement  identiques  (32)  disposes  afin  qu'ils  as- 
sure  nt  la  propagation  d'une  onde  acoustique  de 
surface  entre  le  premier  transducteur  imbrique  et 
chacun  des  seconds  transducteurs  imbriques, 
avec  des  retards  respectifs  de  propagation  qui 
different  mutuellement  avec  un  pas  predetermi- 
ne, 

un  dispositif  (38,  40,  42)  de  couplage  d'un 
signal  a  egaliser  au  premier  transducteur  imbri- 
que, 

plusieurs  amplificateurs  tampons  (34) 
ayant  chacun  une  entree  couplee  a  un  second 
transducteur  imbrique  respectif, 

un  dispositif  (44)  de  ponderation  des  si- 
gnaux  de  sortie  des  amplificateurs  tampons 
d'apres  les  coefficients  respectifs  d'egaliseur 
pour  la  creation  de  signaux  ponderes  respectifs, 
et 

un  dispositif  (46,  48,  50,  52)  destine  a  ajou- 
ter  les  signaux  ponderes  pour  la  creation  d'un  si- 
gnal  egalise,  caracterise  en  ce  que 

les  amplificateurs  tampons  ont  chacun 
une  faible  impedance  d'entree  si  bien  que  chaque 
second  transducteur  imbrique  est  termine  par 
une  faible  impedance  de  I'ordre  de  10  Q  ou 
moins. 

comprennent  2n  circuits  multiplicateurs  destines 
a  chacune  des  deux  composantes  des  signaux 
en  quadrature  du  signal  a  egaliser. 

5 
11.  Egaliseur  selon  la  revendication  8,  9  ou  10,  dans 

lequel  le  dispositif  destine  a  ajouter  les  signaux 
ponderes  comporte  un  amplificateur  (46,  50) 
ayant  une  entree  de  faible  impedance  d'entree,  et 

10  plusieurs  resistances  (46)  couplant  chacune  un 
signal  pondere  respectif  a  I'entree  de  I'amplifica- 
teur. 

12.  Egaliseur  comprenant  : 
15  une  ligne  a  retard  a  prises  a  dispositif  a  on- 

des  acoustiques  de  surface  comprenant  un  dis- 
positif  (30)  a  ondes  acoustiques  de  surfaces 
comprenant  un  premier  transducteur  imbrique 
(36)  et  plusieurs  seconds  transducteurs  imbri- 

20  ques  pratiquement  identiques  (32)  destines  a  as- 
surer  la  propagation  d'une  onde  acoustique  de 
surface  entre  le  premier  transducteur  imbrique  et 
chacun  des  seconds  transducteurs  imbriques 
avec  des  retards  respectifs  de  propagation  qui 

25  different  les  uns  des  autres  avec  un  pas  prede- 
termine,  caracterise  par 

un  dispositif  (44,  96)  destine  a  ponderer  un 
signal  a  egaliser  d'apres  des  coefficients  respec- 
tifs  d'egaliseur,  pour  la  creation  de  signaux  pon- 

30  deres  respectifs, 
plusieurs  amplificateurs  (94)  couplant 

chacun  un  signal  pondere  respectif  a  un  second 
transducteur  imbrique  respectif,  chaque  amplifi- 
cateur  ayant  une  faible  impedance  de  sortie  afin 

35  que  chacun  des  seconds  transducteurs  imbri- 
ques  ait  une  terminaison  ayant  une  faible  impe- 
dance  de  I'ordre  de  1  0  Q  ou  moins,  et 

un  dispositif  (92)  de  derivation  d'un  signal 
egalise  provenant  du  premier  transducteur  imbri- 

40  que. 

9.  Egaliseur  selon  la  revendication  8,  dans  lequel  le 
dispositif  de  ponderation  comprend  des  circuits 
multiplicateurs  (44)  destines  chacun  a  multiplier  so 
un  signal  de  sortie  d'amplif  icateur  tampon  par  un 
coefficient  respectif  d'egaliseur. 

10.  Egaliseur  selon  la  revendication  9,  dans  lequel  la 
ligne  a  retard  a  prises  a  dispositif  a  ondes  acous-  55 
tiques  de  surface  comprend  2n  +  1  seconds 
transducteurs  imbriques  (32)  et2n  +  1  amplifica- 
teurs  tampons  (34),  n  etant  un  nombre  entier,  et 
dans  lequel  les  circuits  multiplicateurs  (44) 

9 



EP  0  482  033  B1 





EP  0  482  033  B1 

3 2  

F I G .   3  

7 4  

,70  7 4  

J   7 2 /   7 4  

/  i 

i 
6 4  72  72  - ±  

I 
6 4  

1  

F I G .   4  

12 



»_  ,  .  ■  —  r  j 

72  72  72  72  72  
74  

*  

74  
72  72  72  72  7 2  

^   
X   

r r ^   —   r ^ h   \ j p   b p  

- I G .   5  

. .   P  —  :  -  

—  (j  -  

7,?  7?   7?   7?   74  74  74  74  72  72  72  7 2  

/ / / / /   /   /   / /   / /   / \  

- I G .   6  

-  p  -  

d  J  

7?   7^  7?   74.  74  
N  

74  74  , 7 4   74  7?  72  7 2  

- I G .   7  

3 2  

F I G .   8  



EP  0  482  033  B1 

F I G .   I O  

14 



EP  0  482  033  B1 

15 


	bibliography
	description
	claims
	drawings

