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Description 

The  present  invention  relates  to  a  surface  acoustic 
wave  device,  more  particularly,  to  a  surface  acoustic 
wave  device  used  as  a  band-pass  filter,  etc.,  of  mobile 
radio  equipment,  and  the  like. 

Recently,  surface  acoustic  wave  devices  (which 
may  be  abbreviated  hereinafter  as  SAW  devices)  have 
been  developed  and  provided  for  RF  circuit  integrations 
of  communication  equipment  such  as  mobile  telephone 
transceivers,  cable  TV  repeaters  and  converters,  and 
the  like. 

The  SAW  device  comprises  a  piezoelectric  sub- 
strate  and  inter-digital  transducers  (which  may  be  ab- 
breviated  hereinafter  as  I  DTs)  disposed  thereon  for  con- 
verting  a  voltage  into  a  surface  acoustic  wave,  or  a  sur- 
face  acoustic  wave  into  a  voltage.  Note,  the  SAW  device 
including  I  DTs  converts  a  high-frequency  voltage  into  a 
surface  acoustic  wave  having  a  wavelength  of  about 
10"5  times.  The  wave  is  propagated  on  the  surface  of 
the  piezoelectric  substrate  and  again  converted  into  a 
voltage  by  the  I  DTs. 

The  SAW  device  provides  a  filter  function  for  select- 
ing  frequencies  by  the  above  described  double  conver- 
sion  and  depending  on  the  shapes  of  the  I  DTs.  Note,  the 
SAW  device  can  cause  the  surface  acoustic  waves  to 
resonate  by  using  a  plurality  of  the  IDTs,  or  reflectors  for 
reflecting  surface  acoustic  waves  beside  the  IDTs. 
Namely,  the  SAW  device  may  provide  a  resonator  func- 
tion.  Since  the  SAW  device  can  delay  propagation 
speed  to  about  10"5  times  the  speed  of  an  electromag- 
netic  wave,  it  may  serve  as  a  delay  device. 

These  functions  of  the  SAW  devices  are  applicable 
for  realizing  filters,  resonators,  delay  lines,  etc.,  which 
are  compact,  inexpensive,  and  adjustment  free.  For  ex- 
ample,  they  are  used  for  intermediate  frequency  (IF)  fil- 
ters,  resonators  of  oscillators,  voltage  control  oscillators 
(VCOs),  etc.  These  days,  the  SAW  devices  are  operated 
at  higher  frequencies,  and  because  they  are  compact 
and  inexpensive,  they  are  also  used  for  band-pass  filters 
for  mobile  radio  equipment  such  as  automobile  and  port- 
able  telephone  equipment. 

An  object  of  the  present  invention  is  to  provide  a 
surface  acoustic  wave  device  to  suppress  ripples  and 
realize  predetermined  pass-band  characteristics  for  a 
broad  band.  Further,  another  object  of  the  present  in- 
vention  is  to  provide  a  surface  acoustic  wave  device  to 
reduce  the  insertion  loss  thereof. 

According  to  the  present  invention,  there  is  provid- 
ed  a  surface  acoustic  wave  device  comprising:  an  input 
terminal;  an  output  terminal;  a  first  multiple-electrode 
surface  acoustic  wave  element  including  a  plurality  of 
first  inter-digital  transducers  and  second  inter-digital 
transducers  alternating  with  each  other,  and  the  first  in- 
ter-digital  transducers  being  connected  to  the  input  ter- 
minal;  and  a  second  multiple-electrode  surface  acoustic 
wave  element  including  a  plurality  of  third  inter-digital 
transducers  and  fourth  inter-digital  transducers  alternat- 

ing  with  each  other,  the  first  and  second  multiple-elec- 
trode  surface  acoustic  wave  elements  being  mirror- 
symmetrically  arranged  and  disposed  on  a  piezoelectric 
substrate,  the  third  inter-digital  transducers  being  con- 

5  nected  to  the  output  terminal,  and  the  fourth  inter-digital 
transducers  being  connected  to  the  second  inter-digital 
transducers;  wherein  the  number  of  the  first  or  third  in- 
ter-digital  transducers  is  equal  to  or  smaller  by  one,  than 
the  number  of  the  second  or  fourth  inter-digital  trans- 

10  ducers. 
The  surface  acoustic  wave  device  may  further  com- 

prise  at  least  one  reflector  for  reflecting  surface  acoustic 
waves  being  disposed  outwardly  from  the  outermost  of 
the  first  and  third  inter-digital  transducer;  a  center  dis- 

15  tance  d  between  the  first  and  second  inter-digital  trans- 
ducers  or  the  third  and  fourth  inter-digital  transducers 
being  determined  to  be  d  =  (n+P)  •  X  where,  X  being  in- 
tervals  of  teeth  of  each  inter-digital  transducer,  n  being 
an  optional  integer,  and  p  ranging  from  0.  1  7  to  0.25;  and 

20  a  center  distance  d'  beween  the  reflector  and  the  outer- 
most  of  the  first  and  third  inter-digital  transducer  is  de- 
termined  to  be  d'  =  n  •  Xor  d'  =  (n+1/2)  •  X  .  The  reflector 
may  be  constituted  by  a  inter-digital  transducers  or  strip 
electrodes. 

25  The  surface  acoustic  wave  device  may  further  com- 
prise  at  least  one  fifth  inter-digital  transducers  disposed 
outwardly  from  the  outermost  second  inter-digital  trans- 
ducers,  and  at  least  one  sixth  inter-digital  transducers 
disposed  outwardly  from  the  outermost  fourth  inter-dig- 

so  ital  transducers;  a  center  distance  between  the  fifth  or 
sixth  inter-digital  transducer  and  the  second  or  fourth 
inter-digital  transducer  is  determined  to  be  d'  =  n  •  X  or 
d'  =  (n+1/2)  •  X.  The  fifth  inter-digital  transducer  and  the 
sixth  inter-digital  transducer  may  be  connected  to  each 

35  other  to  form  connected  electrodes. 
The  present  invention  will  be  more  clearly  under- 

stood  from  the  description  of  the  preferred  embodiments 
as  set  forth  below  with  reference  to  the  accompanying 
drawings,  wherein: 

40 
Figure  1  is  a  view  showing  an  example  of  an  elec- 
trode  configuration  of  a  SAW  device  according  to 
the  prior  art; 
Figure  2  is  a  view  showing  another  example  of  an 

45  electrode  configuration  of  a  SAW  device  according 
to  the  prior  art; 
Figure  3  is  a  view  showing  band  characteristics  of 
the  SAW  devices  shown  in  Figs.  1  and  2; 
Figure  4  is  a  view  showing  a  relationship  between 

so  the  total  number  of  electrodes  and  insertion  loss 
thereof; 
Figure  5  is  a  view  showing  an  electrode  configura- 
tion  of  a  first  embodiment  of  a  SAW  device  accord- 
ing  to  the  present  invention; 

55  Figure  6  is  a  view  showing  an  electrode  configura- 
tion  of  the  modification  of  the  SAW  device  shown  in 
Fig.  5; 
Figure  7  is  a  view  showing  band  characteristics  of 
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the  SAW  device  shown  in  Fig.  6; 
Figure  8  is  a  view  showing  a  relationship  between 
the  total  number  of  electrodes  and  an  output/input 
power  ratio; 
Figure  9  is  a  view  showing  a  relationship  between 
the  total  number  of  electrodes  and  insertion  loss 
thereof; 
Figure  10  is  a  view  schematically  showing  an  ex- 
ample  of  the  SAW  device  according  to  the  related 
art; 
Figure  11  is  a  view  showing  a  unit  in  the  SAW  device 
of  Fig.  10; 
Figure  12  is  a  view  showing  pass-band  character- 
istics  of  the  filter,  i.e.,  the  SAW  device  of  Fig.  10; 
Figure  1  3  is  a  view  showing  a  waveform  of  impulse 
response  of  a  SAW  device; 
Figure  1  4  is  a  view  explaining  an  impulse  response 
in  a  SAW  device; 
Figures  15A  to  15C  are  views  showing  a  relation- 
ship  between  the  phase  of  a  primary  response  wave 
and  those  of  delayed  waves  in  a  SAW  device; 
Figure  16  is  a  view  showing  pass-band  character- 
istics  after  Fourier  transformation  of  the  impulse  re- 
sponse  of  Figs.  1  5A  to  1  5C; 
Figure  17  is  a  view  showing  pass-band  character- 
istics  of  the  impulse  response  of  Figs.  15Ato  15C 
with  the  phase  of  the  first  delayed  wave  being  the 
same  as  that  of  the  primary  response  wave; 
Figure  1  8  is  a  view  schematically  showing  a  second 
embodiment  of  a  SAW  device  according  to  the 
present  invention; 
Figure  1  9  is  a  view  schematically  showing  a  modi- 
fication  of  the  second  embodiment  of  the  SAW  de- 
vice  shown  in  Fig.  18; 
Figures  20A  and  20B  are  views  showing  filter  pass- 
band  characteristics  of  SAW  devices  of  the  present 
invention  and  the  related  art; 
Figures  21  A  and  21  B  are  views  showing  impulse 
responses  based  on  the  filter  characteristics  of  the 
SAW  devices  of  the  present  invention  and  the  relat- 
ed  art;  and 
Figure  22  is  a  view  showing  an  example  of  mobile 
radio  equipment  using  SAW  devices. 

For  a  better  understanding  of  the  preferred  embod- 
iments,  first,  the  problems  of  the  prior  art  will  be  ex- 
plained,  with  reference  to  Figs.  1  to  4. 

Figure  1  shows  an  example  of  an  electrode  config- 
uration  of  a  SAW  device  (surface  acoustic  wave  device) 
according  to  the  prior  art,  and  Fig.  2  shows  another  ex- 
ample  thereof.  Note,  the  SAW  device  of  Fig.  1  is  an  ex- 
ample  of  a  multiple-electrode  configuration  (with  refer- 
ence  to  "SAW  Filters  Employing  Interdigitated  Interdig- 
ital  Transducers,  IIDT",  M.  Lewis,  1982,  Ultrasonics 
Symposium  Proceedings,  p.  12),  and  the  SAW  device  of 
Fig.  2  is  an  example  of  a  cascaded  multiple-electrode 
configuration  (with  reference  to  Institute  of  Electronics, 
Information  and  Communication  Engineers  of  Japan, 

Technical  Study  Report,  US81-22,  p.  25,  or  "High  Per- 
formance  SAW  Filters  with  Several  New  Technologies 
for  Cellular  Radio",  M.  Hikita  et  al.,  1984,  Ultrasonics 
Symposium  Proceedings,  p.  82). 

5  Each  figure  shows  the  electrode  configuration  but 
omits  piezoelectric  substrates,  etc.  Further,  in  Figs.  1 
and  2,  IDTs  (inter-digital  transducers,  or  comb  shaped 
electrodes)  are  of  a  so-called  normalized  type,  and  the 
numbers  of  meshing  inter-digital  transducer  teeth  pairs 

10  are  not  precise. 
In  Fig.  1  ,  references  1  A  to  5A  denote  IDTs  each  hav- 

ing  a  smaller  number  of  meshing  electrode  teeth  pairs, 
and  1  B  to  4B  denote  IDTs  each  having  a  larger  number 
of  meshing  electrode  teeth  pairs.  As  shown  in  Fig.  1, 

is  five  electrodes  1  A  to  5A  and  four  electrodes  1  B  to  4B 
are  alternately  arranged  to  provide  nine  electrodes  in 
total  with  five  inputs  and  four  outputs.  At  each  side  of  a 
row  of  the  electrodes,  there  is  arranged  a  reflector  1C, 
2C  such  as  a  short  strip  reflector.  Note,  the  electrodes 

20  1  A  to  5A  are  connected  to  an  input  terminal  IN,  and  the 
electrodes  1  B  to  4B  are  connected  to  an  output  terminal 
OUT,  thereby  forming  a  multiple-electrode  SAW  device 
1  ,  e.g.,  a  multiple-electrode  surface  acoustic  wave  filter. 

As  shown  in  Fig.  2,  the  multiple-electrode  SAW  de- 
25  vice  (SAW  element)  1  comprising  five  inputs  and  four 

outputs  and  a  multiple-electrode  SAW  device  (SAW  el- 
ement)  1'  identical  to  the  device  1  are  mirror-symmetri- 
cally  arranged.  Note,  opposing  I  DTs  1  B  to  4B  of  the  SAW 
device  1  and  opposing  IDTs  1  B'  to4B'  of  the  SAW  device 

30  V  are  connected  to  each  other.  Further,  the  IDTs  1A  to 
5A  of,  for  example,  the  multiple-electrode  SAW  device 
1  serve  as  an  input  end  (IN),  and  the  IDTs  1  A'  to  5A'  of 
the  other  SAW  device  1  '  serve  as  an  output  end  (OUT). 
Namely,  the  SAW  devices  (SAW  elements)  1  and  1  '  are 

35  cascaded  to  form  a  multiple-electrode  SAW  device. 
In  Fig.  2,  arrows  denote  directions  of  surface  acous- 

tic  waves  converted  from  electric  signals  by  the  IDTs,  or 
electric  signals  converted  from  surface  acoustic  waves. 

Figure  3  shows  band  characteristics  of  the  SAW  de- 
40  vices  shown  in  Figs.  1  and  2.  In  Fig.  3,  an  ordinate  rep- 

resents  insertion  loss  (dB)  and  an  abscissa  represents 
a  frequency  (MHz).  Note,  the  samples  shown  are  based 
on  a  multistage  electrode  arrangement  of  normalized 
7-input  6-output  type,  formed  on  a  36  °  Y-X  LiTa03  sub- 

45  strate.  Further,  an  A-electrode  (input/output  electrode: 
1  A,  2A,  ■■■)  is  constituted  by  22-pair  electrodes  (split-fin- 
gers),  a  B-electrode  (connected  electrodes:  1B,  2B,  ■■■) 
is  constituted  by  30-pair  electrodes  (split-fingers),  and 
a  reflector  (1C,  2C,  ■■■)  is  determined  as  30-pair  short 

so  strip  type  reflector. 
In  Fig.  3,  reference  numeral  (1  )  represents  the  char- 

acteristics  of  the  multiple-electrode  configuration  of  Fig. 
1,  and  (2)  represents  those  of  the  cascaded  multiple- 
electrode  configuration  of  Fig.  2. 

55  The  multiple-electrode  configuration  partly  shows 
insufficient  attenuation  in  a  blocking  zone.  On  the  other 
hand,  the  cascaded  multiple-electrode  configuration 
shows  excellent  attenuation  in  the  blocking  zone,  there- 

3 
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by  providing  the  surface  acoustic  wave  filter  with  excel- 
lent  blocking  characteristics. 

In  the  conventional  multistage  SAW  devices,  the 
cascaded  multiple-electrode  configuration  may  greatly 
improve  the  attenuation  characteristics  in  the  blocking  s 
zone,  but  increase  insertion  loss  to  6  dB  or  more  in  a 
pass-band  to  exceed  an  allowable  range  of,  for  exam- 
ple,  automobile  and  portable  telephone  sets  that  require 
a  low  loss  (for  example,  4  to  5  dB). 

Figure  4  shows  a  relationship  between  the  total  10 
number  of  electrodes  and  insertion  loss  thereof.  In  Fig. 
4,  an  ordinate  represents  the  insertion  loss,  and  an  ab- 
scissa  represents  the  total  number  of  electrodes.  Values 
shown  have  been  calculated  with  no  regard  to  surface 
acoustic  wave  propagation  loss  on  a  piezoelectric  sub-  15 
strate  nor  to  a  IDT  resistance  loss. 

When  increasing  the  total  number  (S)  of  electrodes 
S  =  NA  +  NB,  the  insertion  loss  is  decreased.  Note,  the 
reference  NA  denotes  the  number  of  IDTs  A  (A-elec- 
trodes)  on  the  input  side,  and  NB  denotes  the  number  20 
of  IDTs  B  (B-electrodes)  on  the  output  side  of  the  multi- 
ple-electrode  configuration.  As  shown  in  Fig.  4,  approx- 
imately  at  S  =  1  3  with  7  inputs  and  6  outputs,  a  decrease 
in  the  insertion  loss  becomes  flat.  Namely,  when  the  to- 
tal  number  S  of  electrodes  is  largerthan  1  3,  the  insertion  25 
loss  does  not  decrease  significantly.  On  the  other  hand, 
when  increasing  the  total  number  S  of  electrodes,  the 
size  of  the  substrate  continues  to  increase.  Accordingly, 
increasing  the  total  number  S  of  electrodes  alone  does 
not  effectively  decrease  the  insertion  loss  in  practical  30 
use.  This  problem  must  be  solved. 

Below,  the  preferred  embodiments  of  a  SAW  device 
according  to  the  present  invention  will  be  explained,  with 
reference  to  the  accompanying  drawings. 

Figure  5  shows  an  electrode  configuration  of  a  first  35 
embodiment  of  a  SAW  device  (surface  acoustic  wave 
device)  according  to  the  present  invention,  and  Fig.  6 
shows  an  electrode  configuration  of  the  modification  of 
the  SAW  device  shown  in  Fig.  5.  Note,  in  Fig.  5,  the 
number  of  IDTs  (inter-digital  transducers)  A  on  input  40 
(NA)  equals  to  the  number  of  IDTs  B  on  output  (NB),  i. 
e.,  NA=  NB;  and  in  Fig.  6,  the  number  of  IDTs  Aon  input 
(NA)  equals  the  number  of  IDTs  B  on  output  (NB)  minus 
one,  i.e.,  NA  =  NB  -  1  .  Further,  references  NA'  and  NB' 
represent  the  numbers  of  IDTs  A  and  B  of  another  (V)  45 
of  the  multiple-electrode  surface  acoustic  wave  ele- 
ments  that  are  mirror-symmetrically  arranged.  In  addi- 
tion,  NA=  NA'  and  NB  =  NB'. 

In  Figs.  5  and  6,  only  the  configuration  of  the  elec- 
trodes  are  described,  and  the  piezoelectric  substrate  so 
and  the  like  are  not  shown.  In  Figs.  5  and  6,  reference 
numerals  1  and  1'  denote  a  pair  of  multiple-electrode 
surface  acoustic  wave  elements  (SAW  elements)  that 
are  mirror-symmetrically  arranged.  The  input/output 
IDTs  A  are  connected  to  input  terminal  IN  and  output  55 
terminal  OUT,  and  opposing  connected  IDTs  B  of  the 
two  elements  are  connected  to  each  other.  Note,  refer- 
ences  1C,  2C,  1C,  and  2C  denote  reflectors. 

As  shown  in  Fig.  5,  in  the  case  of  NA  =  NA'  =  NB  = 
NB'  =  4  (a  4-input  4-output  configuration),  the  SAW  el- 
ement  1  comprises  four  input/output  electrodes  (IDTs) 
1  A,  2A,  3A,  4A  and  four  connected  electrodes  (IDTs)  1  B, 
2B,  3B,  4B,  and  the  SAW  element  1  '  comprises  four  in- 
put/output  electrodes  1A',  2A',  3A',  4A'  and  four  connect- 
ed  electrodes  1B',  2B',  3B',  4B'. 

On  the  other  hand,  as  shown  in  Fig.  6,  in  the  case 
of  NA  =  NA'  =  NB  -  1  =  NB'  -  1  =  4  (a  4-input  5-output 
configuration),  the  SAW  element  1  comprises  four  input/ 
output  electrodes  (input  IDTs)  1A,  2A,  3A,  4A  and  five 
connected  electrodes  (connected  IDTs)  1B,  2B,  3B,  4B, 
5B,  and  the  SAW  element  1  '  comprises  four  input/output 
electrodes  (output  IDTs)  1A',  2A',  3A',  4A'  and  five  con- 
nected  electrodes  (connected  IDTs)  1B',  2B',  3B',  4B', 
5B'.  Note,  the  IDT  (input/output  electrode  or  connected 
electrode)  is  constituted  by  a  plurality  of  pair  electrodes 
(split-fingers),  which  will  be  explained  in  detail  with  ref- 
erence  to  Fig.  11  . 

Figure  7  shows  band  characteristics  of  the  SAW  de- 
vice  shown  in  Fig.  6.  In  Fig.  7,  an  ordinate  represents 
insertion  loss  (dB),  and  an  abscissa  represents  a  fre- 
quency  (MHz). 

A  piezoelectric  substrate  used  for  the  sample  is  a 
36°  Y-X  LiTa03  single-crystal  substrate,  and  the  size  of 
the  device  is  1  .2  mm  X  2.2  mm  with  0.5  mm  thick. 

An  Al-Cu  (0.2%)  film  for  forming  IDTs  is  deposited 
in  a  vacuum  with  a  thickness  of  1  00  nm.  According  to  a 
known  photolithography  technique,  a  surface  acoustic 
wave  filter  for  an  800  MHz  band  is  formed  with  an  elec- 
trode  pitch  of  2.45  urn,  an  electrode  width  of  1.23  urn, 
and  an  electrode  space  of  1  .23  urn 

The  electrodes  are  arranged  at  NA  =  NA'  =  NB  -  1 
=  NB'  -  1  =  6  in  a  6-input  7-output  configuration.  The  total 
number  of  electrodes  is  S  =  13.  The  IDTs  A  and  B  are 
each  a  normalized  type.  Note,  the  number  of  electrode 
teeth  pairs  of  the  IDT  A  (1A,  2A,  •••)  is  22,  and  that  of 
the  IDT  B  (1  B,  2B,  •••)  is  30.  Further,  the  reflector  C  (1  C, 
2C,  •••  )  is  a  30-pair  open  strip  reflector. 

The  device  of  the  present  invention  described 
above  is  packaged  in  a  metal  case  such  as  TO-48  (not 
shown),  and  its  frequency  characteristics  are  measured 
with  a  network  analyzer.  Note,  the  TO-48  is  an  example 
of  metal  cans  used  to  enclose  various  electronic  ele- 
ments. 

As  described  above,  the  SAW  device  of  the  first  em- 
bodiment  of  the  present  invention  comprises  a  pair  of 
mirror-symmetrically  arranged  multiple-electrode  sur- 
face  acoustic  wave  elements  disposed  on  a  piezoelec- 
tric  substrate.  Each  of  the  elements  involves  a  plurality 
of  IDTs  A  and  B  alternating  with  each  other.  Opposing 
IDTs  B  of  the  pair  are  connected  to  each  other.  The  IDTs 
A  of  one  of  the  elements  form  an  input  end  input  terminal 
IN),  and  the  IDTs  A  of  the  other  element  form  an  output 
end  (output  terminal  OUT).  The  number  (NA)  of  the  IDTs 
A  is  equal  to  or  smaller  by  one  than  the  number  (NB)  of 
the  IDTs  B. 

As  shown  in  the  figures,  the  surface  acoustic  wave 

4 
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filter  (SAW  filter)  according  to  the  first  embodiment  of 
the  present  invention  achieves  insertion  loss  of  3  to  5 
dB,  i.e.,  an  improvement  of  about  1  dB  compared  with 
the  prior  art.  This  sufficiently  meets  the  allowable  range 
of  the  automobile  and  portable  telephone  sets  that  re- 
quire  a  low  insertion  loss. 

Next,  characteristics  of  the  SAW  devices  between 
the  present  invention  and  the  prior  art  will  be  explained 
with  reference  to  Fig.  8  and  9. 

Figure  8  shows  a  relationship  between  the  total 
number  of  electrodes  and  an  output/input  power  ratio, 
and  Fig.  9  shows  a  relationship  between  the  total 
number  of  electrodes  and  insertion  loss  thereof. 

When  the  number  of  IDTs  A  oriented  in  a  surface 
acoustic  wave  propagation  direction  is  NA  and  that  of 
the  IDTs  B  is  NB,  the  arrangement  of  Fig.  2  will  be  a 
5-input  4-output  configuration  with  NA  =  5  and  NB  =  4. 

Namely,  the  conventional  electrode  configuration  is 
expressed  as  follows: 

NA  =  NB  +  1  (I) 

Electro-mechanical  energy  conversion  carried  out 
in  each  IDT  may  be  understood  as  a  3-terminal  conver- 
sion  system.  When  one  piece  of  energy  is  provided  to 
one  of  the  terminals,  the  other  two  terminals  convert  the 
energy  and  each  provide  1/2  of  the  energy  (with  refer- 
ence  to  N.  Sakamoto  et  al.,  "Surface  Acoustic  Wave 
(SAW)  Filter",  Electronics  Material,  p.  120,  May,  1988). 

For  example,  in  the  SAW  device  shown  in  Fig.  2, 
when  one  piece  of  electric  power  is  supplied  to  the  upper 
input  terminal  IN,  the  five  input  IDTs  1  A  to  5A  (input/out- 
put  electrodes  A)  receive  1/5  of  the  electric  power,  re- 
spectively.  These  IDTs  1A  to  5A  convert  the  electric 
power  into  surface  acoustic  waves,  and  each  side  of 
each  of  the  IDTs  1  A  to  5A  emits  1/10  of  the  electric  pow- 
er.  At  this  time,  the  surface  acoustic  waves  of  1/10  power 
emitted  from  the  outer  side  of  the  outermost  IDTs  1A 
and  5A  are  not  directly  received  by  the  connected  IDTs 
1  B  and  4B,  and  are  wasted  as  a  loss.  Namely,  2/10  of 
the  power  emitted  from  the  left  and  right  sides  are  wast- 
ed. 

Note,  each  side  of  each  connected  IDTs  1B  to  4B 
(connected  electrodes  B)  receives  the  surface  acoustic 
waves  of  1/10  power  and  converts  it  into  electric  power 
and  thus  each  IDT  (1  B  to  4B)  then  transmits  2/1  0  of  the 
electric  power  in  total  to  the  connected  IDTs  1  B'  to  4B' 
in  the  second  row  (V). 

Thereafter,  each  side  of  each  connected  IDT  (IB'  to 
4B')  provides  a  surface  acoustic  wave  of  1/10  power. 
Note,  each  of  the  outermost  IDTs  1A'  and  5A'  receives 
the  surface  acoustic  wave  only  from  one  side,  1/20  of 
the  power  is  lost,  and  only  1/20  of  the  surface  acoustic 
wave  is  converted  into  electric  power  and  transmitted  to 
the  output  end  (output  terminal).  The  other  inside  output 
IDTs  2A'  to  4A'  receive  the  surface  acoustic  wave  power 
from  both  sides  thereof,  so  that  each  may  provide  2/10 

of  the  electric  power. 
These  pieces  of  power  are  collected  at  the  output 

terminal  OUT,  which  finally  provides  7/10  of  the  electric 
power.  The  total  loss,  therefore,  will  be  3/10  of  the  elec- 

5  trie  power.  This  will  be  expressed  with  the  following  gen- 
eral  equation  (I): 

P  =  (2NA-3)/2NA  (II) 
10 

Where,  the  total  number  (S)  of  electrodes  S  =  NA 
+  NBand  NA=  NB+  1  are  established,  and  the  equation 
(II)  becomes  as  follows: 

15  
P=(S-2)/(S  +  1)  (III) 

On  the  other  hand,  according  to  the  present  inven- 
tion,  the  number  (NA)  of  the  IDTs  A  is  equal  to  or  smaller 

20  than  the  number  (NB)  of  the  IDTs  B.  That  is: 

NA  =  NB  (with  reference  to  Fig.  5)  (IV) 

NA  =  NB  -  1  (with  reference  to  Fig.  6)  (V) 

30  Electric  power  provided  from  the  output  terminal 
OUT  with  respect  to  one  piece  of  power  supplied  to  the 
input  terminal  IN  is  expressed  with  the  following  equa- 
tions  (VI)  and  (VII): 

35 
P  =  (4S-9)/4S  (VI) 

P=(2S-5)/(2S-2)  (VII) 
40 

Figure  8  shows  a  relationship  between  the  total 
number  of  electrodes  and  an  output/input  power  ratio, 
which  is  based  on  these  three  equations  (III),  (VI),  and 
(VII). 

45  In  Fig.  8,  an  ordinate  represents  an  output/input 
power  ratio  (P),  and  an  abscissa  represents  the  total 
number  of  electrodes  (S).  Note,  similar  to  Fig.  4,  values 
have  been  calculated  with  no  regard  to  a  surface  acous- 
tic  wave  propagation  loss  on  a  piezoelectric  substrate, 

so  and  the  like.  Further,  in  Fig.  8,  curves  (1)  and  (2)  relate 
to  the  present  invention,  and  the  curve  (1)  is  for  NA  = 
NB  and  the  curve  (2)  for  NA  =  NB  -  1  .  In  addition,  a  dotted 
curve  (3)  is  the  conventional  case  of  NA  =  NB  +  1  for 
comparison  purposes. 

55  As  shown  in  Fig.  8,  each  case  of  the  present  inven- 
tion  shows  an  improvement  in  the  output/input  power 
ratio  P  compared  with  the  prior  art. 

Figure  9  shows  a  relationship  between  the  total 

25  or 
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number  of  electrodes  and  insertion  loss  thereof.  In  Fig. 
9,  an  ordinate  represents  insertion  loss,  and  an  abscissa 
represents  the  total  number  of  electrodes. 

When  the  total  number  S  of  electrodes  is  in  a  range 
of  from  5  to  1  3,  the  present  invention  reduces  the  inser- 
tion  loss  less  than  the  prior  art  by  0.5  to  1  dB.  When  the 
total  number  of  electrodes  increases  beyond  a  point,  the 
insertion  loss  reducing  effect  does  not  improve  in  pro- 
portion  to  the  increase  in  the  device  size.  The  total 
number  S,  therefore,  is  in  practice  up  to  about  13. 

Note,  the  above  embodiments  are  only  examples. 
Without  departing  from  the  scope  of  the  present  inven- 
tion,  the  numbers  of  electrodes,  electrode  teeth  pairs 
and  reflectors,  the  material  of  the  electrodes,  and  the 
frequency  bands  may  change  for  optimum  designing. 

Figure  1  0  shows  an  example  of  the  SAW  device  ac- 
cording  to  the  related  art  corresponding  to  the  SAW  de- 
vice  shown  in  Fig.  6,  which  achieves  high  attenuation  in 
blocking  zones  at  low  loss.  Nevertheless,  the  SAW  de- 
vice  is  not  sufficiently  effective  in  reducing  ripples  in  a 
band. 

As  shown  in  Fig.  1  0,  the  SAW  device  comprises  two 
SAW  elements  1  and  1'  which  are  mirror-symmetrically 
arranged  and  disposed  on  a  piezoelectric  substrate  (for 
example,  36°  Y-X  LiTa03  substrate).  The  SAW  element 
I  comprises  six  input/output  electrodes  (input  IDTs)  1  A 
to  6A  and  seven  connected  electrodes  (connected  I  DTs) 
1  A  to  7B,  and  the  SAW  element  1  '  comprises  six  input/ 
output  electrodes  1A'  to  6A'  (output  IDTs)  and  seven 
connected  electrodes  1  B'  to  7B'  (connected  I  DTs).  Note, 
the  IDT  (input/output  electrode  or  connected  electrode) 
is  constituted  by  a  plurality  of  pair  electrodes. 

Figure  11  shows  a  unit  in  the  SAW  device  of  Fig. 
10.  As  shown  in  Fig.  11  ,  each  unit  10  of  the  SAW  device 
comprises  split-finger  (comb)  shape  patterns  10a,  10b 
formed  from  a  spattered  aluminum-copper  (Al-Cu)  film 
(having  a  thickness  of,  for  example,  1000  angstroms:  A) 
on  a  lithium  tantalate  (LiTO3)  piezoelectric  crystalline 
material.  Note,  the  LiT03  is  specified  to  a  36  rotation  Y 
cut  X  propagation  LiTa03  single-ecrystal  substrate  (36° 
Y-X  LiTa03  substrate),  41°  Y-X  LiNb03  substrate,  64° 
Y-X  LiNb03  substrate,  and  the  like. 

When  the  unit  10  is  determined  to  be  an  input  IDT 
A  (1  A  to  6A),  the  upper  split-finger  electrode  1  0a  is  con- 
nected  to  an  input  terminal  and  the  lower  split-finger 
electrode  10b  is  connected  to  the  grounded,  and  when 
the  unit  10  is  determined  to  be  an  input  IDT  A'  (1A'  to 
6A'),  the  upper  split-finger  electrode  10a  is  connected 
to  the  ground  and  the  lower  split-finger  electrode  1  0b  is 
connected  to  an  output  terminal.  Note,  the  unit  1  0  of  Fig 
I  I  is  described  when  the  unit  1  0  is  determined  to  be  the 
input  IDT  1A  of  the  SAW  device  shown  in  Fig.  10.  Fur- 
ther,  when  the  unit  10  is  determined  to  be  a  connected 
IDT  B  (1  B  to  7B)  of  the  upper  SAW  element  1  ,  the  upper 
split-finger  electrode  10a  is  connected  to  the  ground  and 
the  lower  split-finger  electrode  10b  is  connected  to  an 
upper  electrode  (10a)  of  the  corresponding  connected 
IDT  B'  (1B'  to  7B')  of  the  lower  SAW  element  1',  and 

when  the  unit  10  is  determined  to  be  a  connected  IDT 
B'  (1  B'  to  7B')  of  the  lower  SAW  element  1',  the  upper 
split-finger  electrode  10a  is  connected  to  a  lower  elec- 
trode  (10b)  of  the  corresponding  connected  IDT  B  (1B 

5  to  7B)  of  the  upper  SAW  element  1  ,  and  the  lower  split- 
finger  electrode  10b  is  connected  to  the  ground. 

As  shown  in  Fig.  1  1  ,  a  tooth  width  (EL),  a  space  (Es) 
between  teeth  (or  adjacent  fingers),  and  a  teeth  pitch 
(ED)  of  the  IDT  (unit  10)  are  usually  designed  as  EL  = 

10  Es  =  A/4  and  ED  =  A/2,  where  A  is  the  wavelength  of  a 
surface  wave.  To  obtain  a  center  frequency  of  835  MHz, 
for  example,  A  is  calculated  as  4.9  urn  from  a  sound  ve- 
locity  of  4090  m/sec.  for  an  X-propagation  surface  wave 
on  the  substrate.  The  pitch  ED  of  electrode  teeth  may 

is  be  2.45  urn,  and  the  electrode  tooth  width  EL  and  space 
Es  may  be  1  .23  urn,  respectively. 

As  described  above,  usually,  a  pair  of  input/output 
IDTs  are  arranged  opposite  each  other.  Automobile  and 
portable  telephone  sets  require  surface  acoustic  wave 

20  filters  achieving  a  low  loss  (for  example,  insertion  loss 
of  3  to  5  dB  or  lower),  a  wide  band  (for  example,  a  center 
frequency  of  835  MHz  or  greater  and  a  pass-band  width 
of  25  MHz  or  greater),  and  an  excellent  degree  of  sup- 
pression  (for  example,  an  out-of-band  attenuation  of  24 

25  to  25  dB). 
As  described  above,  as  shown  in  Fig.  10,  the  SAW 

device  comprises  six  input/output  IDTs  A  (1  A  to  6A,  1  A' 
to  6A')  (each  with,  for  example,  22  pairs  of  IDT  teeth), 
and  seven  connected  electrodes  B  (1  B-1  B'  to  7B-7B') 

30  (each  with,  for  example,  30  pairs  of  IDT  teeth).  Along 
the  outer  sides  of  the  connected  electrodes  (1  B-1  B',  7B- 
7B'),  there  are  arranged  four  reflectors  C  (1C,  1C,  2C, 
2C)  for  reflecting  surface  acoustic  waves.  As  is  appar- 
ent  in  Fig.  10,  the  IDTs  1A  to  6A,  the  connected  elec- 

ts  trades  1B  to  7B,  and  reflectors  1C  and  2C  are  mirror- 
symmetrically  arranged  with  respect  to  the  IDTs  1A'  to 
6A',  the  connected  electrodes  1  B'  to  7B',  and  reflectors 
1  C  and  2C  along  a  straight  line  L. 

In  Fig.  10,  a  center  distance  between  the  input/out- 
40  put  IDT  A  and  the  connected  electrode  B,  e.g.,  a  center 

distance  d  between  the  input/output  IDT  6A  (6A1)  and 
the  connected  electrode  7B  (7B')  is  d  =  (30+1/4)  •  A  = 
30.25A.  A  center  distance  between  the  connected  elec- 
trode  B  and  the  reflector  C,  e.g.,  a  center  distance  be- 

45  tween  the  connected  electrode  7B  (7B1)  and  the  reflector 
2C  (2C)  is  equal  to  the  center  distance  d  between  the 
input/output  IDT  A  and  the  connected  electrode  B. 

Figure  12  shows  pass-band  characteristics  of  the 
filter,  i.e.,  the  SAW  device  of  Fig.  10.  To  clearly  show 

so  ripples,  the  pass-band  characteristics  of  the  filter  (SAW 
device)  are  measured  without  any  impedance  matching 
alignment. 

As  shown  in  Fig.  12,  the  pass-band  characteristics 
of  the  SAW  device  (filter)  of  Fig.  10  involve  ripples  of 

55  about  2.5  dB  in  a  pass-band.  Such  large  ripples  in  the 
pass-band  characteristics  of  the  filter  fluctuate  gains 
from  channel  to  channel  in  a  band  used  for,  for  example, 
mobile  radio  equipment.  This  is  undesirable. 

6 
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As  disclosed  in,  for  example,  Japanese  Unexam- 
ined  Patent  Publication  (Kokai)  No.  3-270309,  ripples 
occurring  in  a  band  are  caused  by  delayed  waves  (echo 
waves).  Generally,  a  multiple-electrode  filter  (SAW  de- 
vice),  which  is  a  subject  of  the  present  invention,  suc- 
cessively  receives  delayed  waves  after  a  primary  re- 
sponse  wave. 

Figure  13  shows  a  waveform  of  impulse  response 
of  a  SAW  device,  and  Fig.  14  shows  an  impulse  re- 
sponse  in  a  SAW  device. 

In  Fig.  1  3,  an  output  terminal  OUT  of  the  SAW  de- 
vice  of  Fig.  14  provides  a  primary  response  (wave)  W0 
and  echo  waves  such  as  a  first  delayed  wave  W-,  after 
a  time  t-,  ,  a  second  delayed  wave  W2  after  a  time  x2,  a 
third  delayed  wave  W3  after  a  time  t3,  and  the  like. 
These  echo  waves  are  electric  responses  appearing  at 
the  output  terminal  OUT  of  the  SAW  device  shown  in 
Fig.  14,  when  an  impulse  voltage  is  applied  to  an  input 
terminal  IN  of  the  SAW  device. 

The  echo  waves  W-,,  W2,  W3,  ■■■  are  produced  by 
the  multiple  reflection  and  transmission  of  surface 
acoustic  waves  between  IDTs.  As  shown  in  Fig.  14,  for 
example,  a  surface  acoustic  wave  produced  by  an  input 
IDT  (input  electrode)  2A  is  propagated  to  the  left  and 
right.  The  right  one  passes  along  a  route  P-,  and  reaches 
a  connected  IDT  (connected  electrode)  3B,  which  con- 
verts  the  wave  into  an  electric  signal.  The  electric  signal 
passes  along  a  connection  route  P2  and  reaches  a  con- 
nected  IDT  3B',  which  converts  the  signal  into  a  surface 
acoustic  wave  again.  Note,  the  surface  acoustic  wave 
is  emitted  from  each  side  of  the  input  I  DT  2A.  The  wave 
transmitting  along  a  route  P3  through  the  connected  IDT 
finally  reaches  an  output  IDT  2A',  so  that  the  output  ter- 
minal  OUT  of  the  SAW  device  provides  an  electric  sig- 
nal.  This  is  the  shortest  response  to  the  impulse  and  cor- 
responds  to  the  primary  response  wave  W0.  Note,  there 
are  many  routes  other  than  those  mentioned  above  for 
the  primary  response  (wave).  The  primary  response  in- 
volves  the  largest  amplitude  to  provide  the  primary  re- 
sponse  wave  W0  of  Fig.  1  3. 

There  are  also  many  routes  for  the  first  delayed 
wave  W1  .  Among  them,  Fig.  1  4  shows  (1  )  a  route  of  P4 
->  P2  -»  P3  (multiple  reflection  between  the  input  IDT 
2A  and  the  connected  IDT  3B),  (2)  a  route  of  P5  ->  P2 
-»  P3  (a  wave  is  transmitted  through  the  connected  IDT 
3B,  reflected  by  an  input  IDT  3A,  returned  to  the  con- 
nected  IDT  3B,  and  transmitted  from  the  IDT  3B'  to  the 
output  I  DT  2  A'),  and  (3)  a  route  of  P7  ->  P8  ->  P9  (a  wave 
is  transmitted  through  the  connected  IDT  3B  and  the  in- 
put  I  DT  3A,  received  by  a  connected  I  DT  4B,  and  trans- 
mitted  from  a  connected  IDT  4B'  to  an  output  IDT  3A'). 
All  of  them  involve  the  same  time  delay  (for  example  t-,). 
Waves  that  pass  through  a  first  filter  along  the  shortest 
route  (time)  and  transmit  through  or  are  repeatedly  re- 
flected  by  a  second  filter  will  become  delayed  waves  in- 
volving  the  same  delay.  These  waves  overlap  one  upon 
another  to  form  the  first  delayed  wave  W-,.  The  ampli- 
tude  of  the  first  delayed  wave  W-,  is  smaller  than  that  of 

the  primary  response  because  of  reflection  and  trans- 
mission.  The  delay  time  t-,  is  obtained  from  the  following 
equation: 

5  
t1  =  2  •  d/V 

=  2  •  (n+P)  •  IN  =  2  •  (n+P)  •  t0  (a) 

10  where  d  is  a  center  distance  between  the  IDTs,  V  is  an 
average  sound  velocity  for  d,  n  is  an  integer,  p  is  a  real 
number  smaller  than  1  ,  and  t0  is  a  propagation  time  for 
intervals  of  the  IDTs,  corresponding  to  a  reciprocal  of  a 
resonant  frequency  f0. 

15  Similarly,  there  are  many  routes  for  the  second  de- 
layed  wave  W2.  The  amplitude  of  this  wave  is  further 
smaller,  and  its  delay  time  t2  is  twice  the  delay  time  tv 
The  third  and  following  delayed  waves  (W3,  •••  )  succes- 
sively  appear  at  intervals  of  t-,.  Note,  usually,  these  de- 

20  layed  waves  are  undesirable  because  they  cause  rip- 
ples  in  a  pass-band,  and  many  efforts  have  been  made 
to  suppress  these  undesirable  waves.  Further,  Japa- 
nese  Unexamined  Patent  Publication  (Kokai)  No. 
3-270309  explains,  however,  that  these  undesirable 

25  waves  can  be  utilized  to  extend  a  band. 
Figures  15A  to  15C  show  a  relationship  between 

the  phase  of  a  primary  response  wave  and  those  of  de- 
layed  waves  in  a  SAW  device,  and  Fig.  16  shows  pass- 
band  characteristics  after  Fourier  transformation  of  the 

30  impulse  response  of  Figs.  15Ato  15C. 
According  to  the  waveform  of  Fig.  1  5A  (correspond- 

ing  to  the  impulse  response  waveform  of  Fig.  13),  the 
phases  of  the  first,  third,  •••  delayed  waves  W-,,  W3,  •••  , 
i.e.  ,  odd  order  delayed  waves  are  opposite  to  that  of  the 

35  primary  response  wave  W0  (Fig.  15B),  and  the  phases 
of  even  order  delayed  waves  W2,  W4,  •••  are  the  same 
as  that  of  the  primary  response  wave  W0  (Fig.  15C). 
Therefore,  the  filter  (SAW  device)  realizes  flat  pass- 
band  characteristics  as  shown  in  Fig.  16. 

40  Figure  17  shows  pass-band  characteristics  of  the 
impulse  response  of  Figs.  1  5A  to  1  5C  with  the  phase  of 
the  first  delayed  wave  being  the  same  as  that  of  the  pri- 
mary  response  wave. 

When  the  phases  of  the  odd  order  delayed  waves 
45  W-|  ,  W3,  —are  the  same  as  that  of  the  primary  response 

wave  W0,  the  pass-band  characteristics  show  a  moun- 
tain-like  shape  as  shown  in  Fig.  17.  Namely,  the  pass- 
band  characteristics  are  not  flat.  To  obtain  good  pass- 
band  characteristics,  it  is  necessary  to  invert  the  phases 

50  of  the  odd  order  delayed  waves  W-,  ,  W3,  •••  with  respect 
to  that  of  the  primary  response  wave  W0.  To  realize  this, 
a  distance  d  between  IDTs  must  be  determined  to  be 
(n+  P)-  X  (where,  p  is  defined  from  0.17  to  0.25).  Accord- 
ingly,  a  term  of  2  p  appears  for  t-,,  in  the  equation  (a), 

55  so  that,  when  p  is  1/4  (=0.25),  a  term  of  1/2  (=  0.5  t0)  is 
added,  and  the  phases  of  the  odd  order  delayed  waves 
W-,,  W3,  •••  become  opposite  to  that  of  the  primary  re- 
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sponse  wave  W0.  Actually,  it  has  been  experimentally 
confirmed  that  this  effect  appears  when  p  ranges  from 
0.17  to  0.25. 

As  shown  in  Fig.  1  6,  the  pass-band  will  be  flat  when 
the  delayed  waves  involve  proper  amplitudes  (for  exam- 
ple,  the  electric  power  of  the  first  delayed  wave  is  deter- 
mined  to  be  about  1/10  that  of  the  primary  response) 
and  a  proper  time  delay  (for  example,  a  reciprocal  of  t-, 
is  determined  to  be  approximately  equal  to  a  required 
band  width).  If  the  amplitudes  of  the  delayed  waves  are 
unnecessarily  large,  undesirable  ripples  will  appear  in 
the  flat  pass  band.  It  is  necessary,  therefore,  to  provide 
a  means  for  properly  controlling  the  amplitude  of  the  first 
delayed  wave  W-,.  Among  the  delayed  waves  (echo 
waves),  the  first  delayed  wave  W-,  has  the  largest  am- 
plitude,  so  that  it  inadvertently  influences  the  pass-band. 
If  the  first  delayed  wave  W1  is  controllable,  the  ripples 
in  the  band  can  be  reduced  to  an  extent  causing  no  prob- 
lem  in  actual  use. 

Consequently,  a  delayed  wave  of  the  same  phase 
is  slightly  added  to  a  delayed  wave  of  an  opposite 
phase,  to  adjust  the  magnitude  (amplitude)  of  the  first 
delayed  wave  Wv  At  this  time,  adjusting  the  amplitude 
of  the  first  delayed  wave  W1  must  not  influence  the  am- 
plitude  of  the  primary  response  wave  W0.  If  the  ampli- 
tude  of  the  primary  response  wave  W0  is  weakened,  in- 
sertion  loss  in  a  pass-band  will  increase. 

In  the  SAW  device  of  Fig.  14,  the  center  distance  d 
between  the  input/output  electrode  (input/output  IDT)  A 
or  A'  and  the  connected  electrode  (connected  IDT)  B  or 
B'  is  partly  changed  as  follows: 

d'  =  n  •  X,  ord'  =  (n+1/2)  •  X  (b) 

Note,  this  method  adds  a  shift  of  0.5X  to  part  of  the 
primary  response  (primary  response  wave  W0),  thereby 
weakening  the  primary  response  itself.  This  method, 
therefore,  is  not  suitable,  and  it  is  necessary  for  the  SAW 
devise  to  not  directly  influence  the  primary  response. 

A  SAW  device  according  to  a  second  embodiment 
of  the  present  invention  will  be  explained  with  reference 
to  Figs.  18to21B. 

Figure  18  shows  a  second  embodiment  of  a  SAW 
device  according  to  the  present  invention.  In  Fig.  18,  the 
SAW  device  of  this  embodiment  comprises  six  input/out- 
put  IDTs  A  (1  A  to  6A,  1  A'  to  6A')  each  having,  for  exam- 
ple,  22  pairs  of  split-finger  electrodes,  comb  electrodes, 
or  inter-digital  transducers,  and  seven  connected  IDTs 
B  (1  B-1  B'  to  7B-7B')  each  having,  for  example,  30  pairs 
of  split-finger  electrodes,  comb  electrodes,  or  inter-dig- 
ital  transducers. 

Further,  in  the  SAW  device  shown  in  Fig.  18,  along 
the  outer  sides  of  the  connected  IDTs  1B-1B'  and  7B- 
7B',  there  are  arranged  four  reflectors  C  (1C,  1C,  2C, 
and  2C)  for  reflecting  surface  acoustic  waves.  As  shown 
in  Fig.  18,  the  input  IDTs  1Ato6A,  connected  IDTs  1B 
to  7B,  and  reflectors  1  C  and  2C  are  mirror-symmetrically 

arranged  with  respect  to  the  output  IDTs  1  A'  to6A',  con- 
nected  IDTs  1  B'  to  7B',  and  reflectors  1  C  and  2C  along 
a  straight  line  L.  This  arrangement  of  the  SAW  device 
is  basically  the  same  as  that  of  the  SAW  device  of  the 

5  first  embodiment  (or  related  art)  shown  in  Figs.  6  and 
10.  It  is  not  imperative  to  arrange  the  four  reflectors 
along  the  outer  sides  of  the  connected  electrodes  IB- 
IB'  and7B-7B'.  For  example,  only  the  reflectors  1Cand 
2C  may  be  arranged  along  the  outer  sides  of  the  con- 

10  nected  electrodes  1B  and  7B.  This  arrangement  also 
achieves  the  effect  of  the  embodiment. 

Similar  to  the  unit  shown  in  Fig.  11,  each  of  elec- 
trode  units  (IDTs)  constituting  the  SAW  device  (filter) 
has  a  comb  pattern  (split-finger  pattern)  formed  from  a 

is  spattered  aluminum-copper  (Al-Cu)  film  (having  a  thick- 
ness  of,  for  example,  1000A)  on  a  lithium  tantalate 
(LiTO3)  piezoelectric  single-crystal  material.  The  reflec- 
tors  C  (1  C,  1  C,  2C,  2C)  are  each  a  I  DT  or  a  strip  elec- 
trode.  The  strip  electrode  comprises  a  plurality  of 

20  straight  electrode  patterns,  and  differs  from  the  IDT  in 
that  their  bases  are  not  commonly  connected  to  one  an- 
other.  The  number  of  pairs  of  teeth  of  this  IDT  is  not  nec- 
essarily  the  same  as  that  of  any  one  of  the  input/output 
IDTsA(1Ato6A,  1A'to6A'). 

25  As  shown  in  Fig.  1  8,  a  center  distance  between  the 
input/output  IDT  A  and  the  connected  IDT  B,  e.g.,  a  cent- 
er  distance  d  between  the  input/output  IDT  6A  (6A1)  and 
the  connected  IDT  7B  (7B1)  is  determined  to  be  d  = 
(30+1/4)  •  X  =  30.25A,  .  According  to  the  SAW  device  of 

30  this  embodiment,  a  center  distance  between  the  con- 
nected  IDT  B  and  the  reflector  C,  e.g.,  a  center  distance 
d'  between  the  connected  IDT  7B  (7B1)  and  the  reflector 
2C  (2C)  is  determined  to  be  d'  =  30A,  .  In  this  way,  each 
distance  d'  between  the  outermost  reflectors  C  (1  C,  1  C, 

35  2C,  2C)  and  the  adjacent  IDTs  B  (1  B,  1  B',  7B,  7B')  is  d' 
=  n  •  X  or  (n+1/2)  •  X  ,  so  that  a  delayed  wave  (first  de- 
layed  wave)  is  reflected  in  the  same  phase  without  in- 
fluencing  a  primary  response  wave.  This  distance  is  not 
required  to  be  applied  for  all  reflectors  but  may  be  prop- 

40  erly  adjusted  depending  on  the  number  of  electrodes 
and  specifications. 

In  the  SAW  device  of  Fig.  18,  the  outermost  con- 
nected  electrodes  1  B-1  B'  and  7B-7B'  may  be  removed, 
and  instead,  at  least  one  of  the  reflectors  1C,  1C,  2C, 

45  and  2C  may  be  arranged  at  a  position  of  d'  =  n  •  X  or  d' 
=  n/2  •  X,  to  provide  the  same  effect. 

Figure  1  9  schematically  shows  a  modification  of  the 
second  embodiment  of  the  SAW  device  shown  in  Fig. 
1  8.  As  shown  in  Fig.  1  9,  the  SAW  device  of  this  modifi- 

so  cation  employs,  instead  of  the  reflectors  C  (1  C,  1  C,  2C, 
and  2C)  of  the  SAW  device  of  Fig.  1  8,  connected  elec- 
trodes  D  (1  D-1  D'  and  2D-2D').  The  connected  I  DTs  elec- 
trodes  D  (1  D-1  D'  and  2D-2D')  comprise  IDTs  each  hav- 
ing  16  pairs  of  split-finger  electrodes,  comb  electrodes, 

55  or  inter-digital  transducers.  Note,  each  center  distance 
d'  between  the  connected  IDTs  (connected  electrodes) 
1  D-1  D'  (2D-2D')  and  the  outermost  connected  IDTs  IB- 
IB'  (7B-7B')  is  determined  to  be  d'  =  30X  .  Therefore,  as 
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shown  in  Fig.  19,  a  primary  response  is  transmitted 
through  a  route  of  P-,-,  -»  P13  -»  P15,  and  a  first  delayed 
wave  is  transmitted  through  a  route  of  P-,-,  -»  P12  ->  P-14 

P16->  P15.  Consequently,  the  delayed  wave  (the  first 
delayed  wave)  has  the  same  phase,  without  influencing 
the  primary  response  wave,  by  determining  d'  =  n  •  X  or 
(n+1/2)  •  X.  In  this  case,  the  connected  IDTs  D  (1  D-1  D', 
2D-2D')  are  not  necessarily  arranged  at  each  end  but 
may  be  properly  disposed. 

Figures  20A  and  20B  show  filter  pass-band  charac- 
teristics  of  SAW  devices  of  the  second  embodiment  of 
the  present  invention  and  the  related  art.  Note,  Fig.  20A 
shows  the  pass-band  characteristics  of  the  related  art 
SAW  device,  and  Fig.  20B  shows  those  of  the  present 
embodiments.  For  the  sake  of  ripple  comparison,  char- 
acteristics  of  both  figures  are  measured  without  any  im- 
pedance  matching  alignment.  The  pass-band  charac- 
teristics  of  Fig.  20B  are  applicable  to  both  embodiments 
of  Figs.  18  and  19. 

By  comparing  the  filter  pass-band  characteristics 
between  Figs.  20A  and  20B,  it  is  apparent  that  a  ripple 
of  2.5  dB  of  the  related  art  is  reduced  to  about  1  dB  by 
the  present  embodiments. 

Figures  21  A  and  21  B  show  impulse  responses 
based  on  the  filter  characteristics  of  the  SAW  devices 
of  the  present  invention  and  the  related  art.  Note,  Fig. 
21  A  shows  the  impulse  characteristics  of  the  related  art 
SAW  device,  and  Fig.  21  B  shows  those  of  the  present 
embodiments.  Further,  Figs.  21  A  and  21  B  show  results 
of  inverse  Fourier  transform  carried  out  on  the  pass- 
band  characteristics,  and  a  response  (an  impulse  re- 
sponse)  is  shown  on  a  time  axis.  In  addition,  the  re- 
sponse  amplitude  of  each  of  them  is  obtained  according 
to  a  common  logarithm  value  of  the  power  (square  of  an 
amplitude)  of  the  wave. 

By  comparing  the  filter  characteristics  between 
Figs.  21  A  and  21  B,  it  is  apparent  that  a  relative  electric 
power  of  -8  dB  between  the  first  delayed  wave  (W-,)  and 
the  primary  response  (primary  response  wave  W0)  of 
the  prior  art  is  suppressed  to  -9.5  dB  according  to  the 
embodiments  of  the  invention. 

In  this  way,  the  embodiments  can  adjust  the  electric 
power  of  the  first  delayed  wave  relative  to  the  primary 
response,  so  that  the  first  delayed  wave  may  have  an 
opposite  phase  of  proper  magnitude.  As  a  result,  the 
embodiments  can  suppress  ripples  in  a  pass-band  and 
provide  flat  pass-band  characteristics. 

Figure  22  is  a  view  showing  an  example  of  mobile 
radio  equipment  using  SAW  devices.  Namely,  Fig.  22 
roughly  shows  RF  (radio  frequency)  portion  and  IF  (in- 
termediate  frequency)  portion  of  an  example  of  a  mobile 
telephone  transceiver  using  SAW  filters. 

As  shown  in  Fig.  22,  the  mobile  telephone  trans- 
ceiver  comprises  an  RF-portion  8,  IF-portion  9,  and  an- 
tenna  10.  The  RF-portion  8  includes  a  plurality  of  SAW 
filters  101  to  1  06,  amplifiers  81  ,  82  and  84,  a  mixer  86, 
and  an  oscillator  (local  oscillator)  85.  The  IF-portion  9 
includes  a  transmission  unit  91,  a  receiving  unit  92,  a 

mixer  93,  and  an  oscillator  (local  oscillator)  94.  Note,  the 
SAW  devices  of  the  embodiments  according  to  the 
present  invention  can  be  applied  to  the  SAW  filters  101 
to  1  06  of  the  RF-portion  8  in  the  mobile  telephone  trans- 

5  ceiver.  Note,  as  described  above,  a  low  insertion  loss, 
a  wide  band,  and  an  excellent  degree  of  suppression 
are  required  for  the  SAW  filters  101  to  106.  Further,  the 
SAW  devices  according  to  the  present  invention  are  not 
only  used  for  RF  circuit  integrations  of  communication 

10  equipment  such  as  mobile  telephone  transceivers,  but 
also  used  for  cable  TV  repeaters  and  converters,  and 
the  like. 

As  explained  above,  the  present  invention  can  re- 
duce  the  insertion  loss  of  a  cascaded  multistage  surface 

is  acoustic  wave  device  such  as  a  surface  acoustic  wave 
filter  without  increasing  the  size  of  the  device,  unlike  the 
prior  art  that  adversely  affects  the  insertion  loss  in  pro- 
portion  to  an  improvement  in  the  characteristics  in  a 
blocking  zone  of  the  device.  The  invention,  therefore, 

20  greatly  contributes  to  an  improvement  of  performance 
of  the  SAW  device.  Further,  according  to  a  SAW  device 
of  the  present  invention,  a  center  distance  d'  between 
an  outermost  connected  electrode  and  a  reflector  dis- 
posed  along  the  outer  side  of  the  connected  electrode 

25  is  d'  =  30X  ,  to  suppress  ripples  and  realize  predeter- 
mined  pass-band  characteristics  for  a  broad  band. 

Many  different  embodiments  of  the  present  inven- 
tion  may  be  constructed  without  departing  from  the 
scope  of  the  present  invention,  and  it  should  be  under- 

go  stood  that  the  present  invention  is  not  limited  to  the  spe- 
cific  embodiments  described  in  this  specification,  except 
as  defined  in  the  appended  claims. 

35  Claims 

1.  A  surface  acoustic  wave  device  comprising:  an  in- 
put  terminal  (IN);  an  output  terminal  (OUT);  a  first 
multiple-electrode  surface  acoustic  wave  element 

40  (1  )  including  a  plurality  of  first  inter-digital  transduc- 
ers  (1A,  2A,  3A,  •••  )  and  second  inter-digital  trans- 
ducers  (1  B,  2B,  3B,  •••  )  alternating  with  each  other, 
and  said  first  inter-digital  transducers  (1A,  2A,  3A, 
•••)  being  connected  to  said  input  terminal  (IN);  and 

45  a  second  multiple-electrode  surface  acoustic  wave 
element  (1  ')  including  a  plurality  of  third  inter-digital 
transducers  (1  A',  2A',  3A',  •••)  and  fourth  inter-digital 
transducers  (1B1,  2B',  3B',  •••)  alternating  with  each 
other,  said  first  and  second  multiple-electrode  sur- 

50  face  acoustic  wave  elements  (1,  1')  being  mirror- 
symmetrically  arranged  and  disposed  on  a  piezoe- 
lectric  substrate,  said  third  inter-digital  transducers 
(1  A',  2A',  3A',  •••)  being  connected  to  said  output  ter- 
minal  (OUT),  and  said  fourth  inter-digital  transduc- 

es  ers  (1B1,  2B',  3B',  •••)  being  connected  to  said  sec- 
ond  inter-digital  transducers  (1B,  2B,  3B,  •••);  char- 
acterized  in  that  the  number  (NA)  of  said  first  or  third 
inter-digital  transducers  (1A,  2A,  3A,  -  ;  1A',  2A', 
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3A',  •••  )  is  equal  to  or  smaller  by  one,  than  the 
number  (NB)  of  said  second  or  fourth  inter-digital 
transducers  (1  B,  2B,  3B,  -  ;  1  B',  2B',  3B',  -  ). 

2.  A  surface  acoustic  wave  device  as  claimed  in  claim 
1,  wherein  said  surface  acoustic  wave  device  fur- 
ther  comprises  at  least  one  reflector  (C:  1C,  1C; 
2C,  2C)  for  reflecting  surface  acoustic  waves  dis- 
posed  outwardly  from  the  outermost  of  said  second 
and  fourth  inter-digital  transducer;  a  centerto  center 
distance  d  between  said  first  and  second  inter-dig- 
ital  transducers  (1A,  2A,  3A,  •••;  1B,  2B,  3B,  •••)  or 
said  third  and  fourth  inter-digital  transducers  (1A1, 
2A',  3A',  •••;  1  B',  2B',  (3B',  ...)  is  determined  to  be  d 
=  (N+P)  •  X,  where,  X  being  the  wavelength  of  the 
surface  wave,  is  equal  to  two  tooth  pitches  of  each 
inter-digital  transducer,  the  tooth  pitch  being  the 
width  of  an  electrode  plus  the  width  of  an  adjacent 
inter-electrode  spacing  n  is  an  optional  integer,  and 
P  ranges  from  0.17  to  0.25;  and  a  center  to  center 
distance  d'  between  said  reflector  (C:  1C,  1C;  2C, 
2C)  and  the  outermost  of  said  first  and  third  inter- 
digital  transducer  is  determined  to  be  d'  =  n  •  X  or  d' 
=  (n+1/2)  •  X. 

3.  A  surface  acoustic  wave  devive  as  claimed  in  claim 
2,  wherein  said  reflector  (C:  1  C,  1  C;  2C,  2C)  is  con- 
stituted  by  inter-digital  transducers  or  strip  elec- 
trodes. 

4.  A  surface  acoustic  wave  device  as  claimed  in  claim 
1  ,  2  or  3,  wherein  said  surface  acoustic  wave  device 
further  comprises  at  least  one  of  fifth  inter-digital 
transducers  (1D;  2D)  being  disposed  outwardly 
from  the  outermost  second  inter-digital  transduc- 
ers,  and  at  least  one  of  sixth  inter-digital  transduc- 
ers  (1D1;  2D')  being  disposed  outwardly  from  the 
outermost  fourth  inter-digital  transducers;  a  center 
to  center  distance  between  said  fifth  or  sixth  inter- 
digital  transducer  and  said  second  or  fourth  inter- 
digital  transducer  is  determined  to  be  d'  =  n  •  X  or  d' 
=  (n+1/2)  •  X,  wherein  X,  the  wavelength  of  the  sur- 
face  wave,  is  equal  to  two  tooth  pitches  of  each  in- 
ter-digital  transducer,  the  tooth  pitch  being  the  width 
of  an  electrode  plus  the  width  of  an  adjacent  inter- 
electrode  spacing  and  n  is  an  optional  integer. 

5.  A  surface  acoustic  wave  device  as  claimed  in  claim 
4  combined  with  claim  2  or  claim  4  combined  with 
claim  3,  wherein  the  at  least  a  fifth  and  the  at  least 
a  sixth  inter-digital  transducers  (1D,  2D,  1D',  2D') 
are  so  disposed  in  place  of  reflectors  (1C,  2C,  1C, 
2C). 

6.  A  surface  acoustic  wave  device  as  claimed  in  claim 
4,  wherein  said  fifth  inter-digital  transducer  and  said 
sixth  inter-digital  transducer  are  connected  to  each 
other  to  form  connected  electrodes  (1D-1D1;  2D- 

2D') 

Patentanspriiche 
5 

1.  Vorrichtung  fur  akustische  Oberflachenwellen,  um- 
fassend:  einen  EingangsanschluB  (EIN);  einen 
AusgangsanschluB  (AUS);  ein  erstes  Mehrelektro- 
denelement  fur  akustische  Oberflachenwellen  (1), 

10  das  eine  Mehrzahl  erster  interdigitaler  Wandler  (1  A, 
2A,  3A,  ...)  und  zweiter  interdigitaler  Wandler  (1B, 
2B,  3B,  ...),  die  einander  abwechseln,  welche  er- 
sten  interdigitalen  Wandler  (1  A,  2A,  3A,  ...)  mit  dem 
EingangsanschluB  (EIN)  verbunden  sind,  enthalt; 

is  und  ein  zweites  Mehrelektrodenelement  fur  akusti- 
sche  Oberflachenwellen  (V),  das  eine  Mehrzahl 
dritter  interdigitaler  Wandler  (1A',  2A',  3A',  ...)  und 
vierter  interdigitaler  Wandler  (1B',  2B',  3B',  ...),  die 
einander  abwechseln,  enthalt,  welches  erste  und 

20  welches  zweite  Mehrelektrodenelement  fur  akusti- 
sche  Oberflachenwellen  (1  ,  1  ')  spiegelsymmetrisch 
angeordnet  und  auf  einem  piezoelektrischen  Sub- 
strat  vorgesehen  sind,  welche  dritten  interdigitalen 
Wandler  (1A1,  2A',  3A',  ...)  mit  dem  Ausgangsan- 

25  schluB  (AUS)  verbunden  sind,  und  welche  vierten 
interdigitalen  Wandler  (1B',  2B',  3B',  ...)  mit  den 
zweiten  interdigitalen  Wandlern  (1B,  2B,  3B,  ...) 
verbunden  sind;  dadurch  gekennzeichnet,  daB  die 
Zahl  (NA)  der  ersten  oder  dritten  interdigitalen 

30  Wandler  (1  A,  2A,  3A,  ...;  1A',  2A',  3A',  ...)  gleich  der 
oder  urn  eins  kleiner  als  die  Zahl  (NB)  der  zweiten 
oder  vierten  interdigitalen  Wandler  (1B,  2B,  3B,  ...; 
1B',  2B',  3B',  ...)  ist. 

35  2.  Vorrichtung  fur  akustische  Oberflachenwellen  nach 
Anspruch  1  ,  bei  der  die  Vorrichtung  fur  akustische 
Oberflachenwellen  auBerdem  mindestens  einen 
Reflektor  (C:  1  C,  1  C;  2C,  2C)  zum  Reflektieren  von 
akustischen  Oberflachenwellen  umfaBt,  der  aus- 

40  warts  des  auBersten  der  zweiten  und  vierten  inter- 
digitalen  Wandler  vorgesehen  ist,  und  ein  Mitte-zu- 
Mitte-Abstand  d  zwischen  den  ersten  und  zweiten 
interdigitalen  Wandlern  (1A,  2A,  3A,  ...;  1B,  2B, 
3B,  ...)  oder  den  dritten  und  vierten  interdigitalen 

45  Wandlern  (1A',  2A',  3A',  ...;  1B',  2B',  3B',  ...)  be- 
stimmt  ist,  d  =  (N+P)  X  zu  sein,  worin  X  die  Wellen- 
lange  der  Oberflachenwelle  und  gleich  zwei  Zahn- 
teilungen  jedes  interdigitalen  Wandlers  ist,  die 
Zahnteilung  die  Breite  einer  Elektrode  plus  der  Brei- 

50  te  eines  angrenzenden  Interelektrodenzwischen- 
raums  ist,  n  eine  freigestellte  ganze  Zahl  ist  und  p 
im  Bereich  von  0,  1  7  bis  0,25  liegt;  und  ein  Mitte-zu- 
Mitte-Abstand  d'  zwischen  dem  Reflektor  (C:  1C, 
1C;  2C,  2C)  und  dem  auBersten  der  ersten  und 

55  dritten  interdigitalen  Wandler  bestimmt  ist,  d'  =  n-X 
oder  d'  =  (n+1/2)-A,  zu  sein. 

3.  Vorrichtung  fur  akustische  Oberflachenwellen  nach 

10 
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Anspruch  2,  bei  der  der  Reflektor(C:  1C,  1C;  2C, 
2C)  aus  interdigitalen  Wandlern  oder  Streifenelek- 
troden  aufgebaut  ist. 

4.  Vorrichtung  fur  akustische  Oberflachenwellen  nach 
Anspruch  1,  2  oder  3,  bei  der  die  Vorrichtung  fur 
akustische  Oberflachenwellen  auBerdem  minde- 
stens  einen  von  funften  interdigitalen  Wandlern 
(1  D;  2D),  auswarts  der  auBersten  zweiten  interdigi- 
talen  Wandler  vorgesehen,  und  mindestens  einen 
von  sechsten  interdigitalen  Wandlern  (1D1;  2D'), 
auswarts  der  auBersten  vierten  interdigitalen 
Wandler  angebracht,  umfaBt  und  ein  Mitte-zu-Mit- 
te-Abstand  zwischen  dem  funften  oder  sechsten  in- 
terdigitalen  Wandler  und  dem  zweiten  oder  vierten 
interdigitalen  Wandler  bestimmt  ist,  d'  =  n-Aoderd' 
=  (n+1/2)-A,  zu  sein,  worin  X,  die  Wellenlange  der 
Oberflachenwelle,  gleich  zwei  Zahnteilungen  jedes 
interdigitalen  Wandlers  ist,  die  Zahnteilung  die  Brei- 
te  einer  Elektrode  plus  der  Breite  eines  angrenzen- 
den  Interelektrodenzwischenraums  ist  und  n  eine 
freigestellte  ganze  Zahl  ist. 

5.  Vorrichtung  fur  akustische  Oberflachenwellen  nach 
Anspruch  4,  kombiniert  mit  Anspruch  2,  oder  An- 
spruch  4,  kombiniert  mit  Anspruch  3,  bei  der  der 
mindestens  eine  funfte  und  der  mindestens  eine 
sechste  interdigitale  Wandler  (1  D,  2D,  1  D',  2D')  so 
anstelle  von  Reflektoren  (1C,  2C,  1C,  2C)  vorge- 
sehen  sind. 

6.  Vorrichtung  fur  akustische  Oberflachenwellen  nach 
Anspruch  4,  bei  der  der  funfte  interdigitale  Wandler 
und  der  sechste  interdigitale  Wandler  miteinander 
verbunden  sind,  urn  verbundene  Elektroden  (ID- 
ID';  2D-2D')  zu  bilden. 

Revendications 

1.  Dispositif  a  ondes  acoustiques  de  surface 
comprenant  :  une  borne  d'entree  (IN)  ;  une  borne 
de  sortie  (OUT)  ;  un  premier  element  a  ondes 
acoustiques  de  surface  a  electrodes  multiples  (1) 
incluant  plusieurs  premiers  transducteurs  interdigi- 
tes  (1A,  2A,  3A,  ...  )  et  seconds  transducteurs  inter- 
digites  (1B,  2B,  3B,  ...  )  alternant  les  uns  avec  les 
autres,  lesdits  premiers  transducteurs  interdigites 
(1A,  2A,  3A,  ...  )  etant  connectes  a  ladite  borne 
d'entree  (I  N)  ;  et  un  second  element  a  ondes  acous- 
tiques  de  surface  a  electrodes  multiples  (1  ')  incluant 
plusieurs  troisiemes  transducteurs  interdigites  (1  A', 
2A',  3A',  ...  )  et  quatriemes  transducteurs  interdigi- 
tes  (1B1,  2B',  3B',  ...  )  alternant  les  uns  avec  les 
autres,  lesdits  premier  et  second  elements  a  ondes 
acoustiques  de  surface  a  electrodes  multiples  (1, 
1')  etant  agences  suivant  une  symetrie  speculaire 
et  disposes  sur  un  substrat  piezoelectrique,  lesdits 

troisiemes  transducteurs  interdigites  (1A1,  2A', 
3A',  ...  )  etant  connectes  a  ladite  borne  de  sortie 
(OUT),  et  lesdits  quatriemes  transducteurs  interdi- 
gites  (1B1,  2B',  3B',  ...  )  etant  connectes  auxdits 

5  deuxiemes  transducteurs  interdigites  (1B,  2B, 
3B,  ...  )  ;  caracterise  en  ce  que  le  nombre  desdits 
premiers  ou  troisiemes  transducteurs  interdigites 
(1A,  2A,  3A,  ...;  1A',2A',3A',  ...)  est  egal  ou  inferieur 
de  un,  au  nombre  desdits  deuxiemes  ou  quatriemes 

10  transducteurs  interdigites  (1  B,  2B,  3B  ;  ...;  1  B',  2B', 
3B',  ...). 

2.  Dispositif  a  ondes  acoustiques  de  surface  selon  la 
revendication  1  ,  dans  lequel  ledit  dispositif  a  ondes 

is  acoustiques  de  surface  comprend,  en  outre,  au 
moins  un  reflecteur  (C  :  1C,  1C  ;2C,  2C),  pour  re- 
flechir  des  ondes  acoustiques  de  surface,  qui  est 
dispose  a  I'exterieur  de  celui  qui  est  le  plus  a  I'ex- 
terieur  desdits  premier  et  troisieme  transducteurs 

20  interdigites  ;  la  distance  entre  axes  d  entre  lesdits 
premiers  et  deuxiemes  transducteurs  interdigites 
(1A,  2A,  3A,  ...  ;  1B,  2B,  3B,  ...  )  ou  entre  lesdits  troi- 
siemes  et  quatriemes  transducteurs  interdigites 
(1A',2A',  3A',  ...  ;  1B',2B',3B',  ...  )  etant  determinee 

25  pour  etre  d  =  (n  +  P).A,  ou,  X,  qui  est  la  longueur 
d'onde  de  I'onde  acoustique  de  surface,  est  egal  a 
deux  pas  de  dent  de  chaque  transducteur  interdigi- 
te,  le  pas  de  dent  etant  la  largeur  d'une  electrode 
plus  la  largeur  d'un  espace  entre  electrodes  adja- 

30  cent,  n  etant  un  nombre  entier  optionnel,  et  p  allant 
de  0,17  a  0,25  ;  et  la  distance  entre  axes  d'  entre 
ledit  reflecteur  (C  :  1  C,  1  C  ;2C,  2C)  et  le  plus  a  I'ex- 
terieur  desdits  premiers  et  troisiemes  transducteurs 
interdigites  etant  determinee  pour  etre  d'  =  n.X  ou 

35  d'  =  (n  +  1/2).  X. 

3.  Dispositif  a  ondes  acoustiques  de  surface  selon  la 
revendication  2,  dans  lequel  ledit  reflecteur  (CMC, 
1C,  2C,  2C)  est  constitue  par  des  transducteurs 

40  interdigites  ou  des  electrodes  rubans. 

4.  Dispositif  a  ondes  acoustiques  de  surface  selon  la 
revendication  1,  2,  ou  3,  dans  lequel  ledit  dispositif 
a  ondes  acoustiques  de  surface  peut  comprendre, 

45  en  outre,  au  moins  un  cinquieme  transducteur  in- 
terdigite  (1D  ;  2D)  dispose  a  I'exterieur  du  plus  a 
I'exterieur  desdits  deuxiemes  transducteurs  interdi- 
gites,  et  au  moins  un  sixieme  transducteur  interdi- 
gite  (1D'  ;  2D')  dispose  a  I'exterieur  du  plus  a  I'ex- 

50  terieur  desdits  quatriemes  transducteurs 
interdigites  ;  la  distance  entre  axes  entre  ledit  cin- 
quieme  ou  ledit  sixieme  transducteur  interdigite  et 
ledit  deuxieme  ou  ledit  quatrieme  transducteur  in- 
terdigite  etant  determinee  pour  etre  d'  =  n  .  X  ou  d' 

55  =  (n  +  1/2).  Xou  X,  qui  est  la  longueur  d'onde  de  I'on- 
de  acoustique  de  surface,  est  egal  a  deux  pas  de 
dent  de  chaque  transducteur  interdigite,  le  pas  de 
dent  etant  la  largeur  d'une  electrode  plus  la  largeur 
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d'un  espace  entre  electrodes  adjacent,  et  n  etant 
un  nombre  entier  optionnel. 

Dispositif  a  ondes  acoustiques  de  surface  selon  la 
revendication  4,  combinee  avec  la  revendication  2  s 
ou  selon  la  revendication  4  combinee  avec  la  reven- 
dication  3,  dans  lequel  ledit  au  moins  un  cinquieme 
et  ledit  au  moins  un  sixieme  transducteurs  interdi- 
gites  (1  D,  2D,  1  D',  2D')  sont  disposes  a  la  place  des 
reflecteurs  (1  C,  2C,  1  C,  2C)  10 

Dispositif  a  ondes  acoustiques  de  surface  selon  la 
revendication  4,  dans  lequel  ledit  cinquieme  trans- 
ducteur  interdigite  et  ledit  sixieme  transducteur  in- 
terdigite  sont  connectes  I'un  a  I'autre  pour  former  15 
des  electrodes  connectees  (1D-1D',  2D-2D'). 
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