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Description 

The  present  invention  relates  to  surface  acoustic  wave  devices. 
With  demands  for  the  launching  of  a  broadcasting  satellite  for  practical  use,  it  is  required  to  develop  a 

5  high-performance,  low-cost  SHF  receiver.  For  the  required  receiver,  it  is  necessary  that  the  receiver  is 
provided  with  a  band-pass  filter  for  the  second  IF  (intermediate  frequency)  band  which  filter  has  amplitude 
characteristics  with  a  sidelobe  attenuation  of  60  dB.  Such  nearly  ideal  characteristics  have  hitherto  been 
damanded  not  only  in  the  SHF  receiver  but  also  in  a  general  communication  apparatus.  The  realization  of 
such  characteristics  by  a  surface  acoustic  wave  filter  requires  that  electrodes  in  each  of  input  and  output 

io  transducers  are  weighted.  In  this  case,  a  multistrip  coupler  as  disclosed  in  US  —  A  —  3,836,876  is  used  in 
order  that  the  whole  frequency  characteristic  of  the  filter  can  be  simply  determined  by  the  product  of  the 
frequency  characteristic  of  the  input  transducer  and  that  of  the  output  transducer,  without  considering  all 
the  combinations  of  any  electrode  in  the  input  and  output  transducers  which  combination  has  as  variables 
the  magnitude  of  weighting  and  the  electrode  pair  position.  The  use  of  the  multi-strip  coupler  makes  it  easy 

15  to  design  the  filter,  but  is  disadvantageous  in  that  the  filter  becomes  very  large  in  size. 
It  is  therefore  an  object  of  the  present  invention  to  provide  a  surface  acoustic  wave  device  which  can  be 

easily  designed  without  requiring  increased  dimensions. 
In  a  surface  acoustic  wave  device  comprising  input  and  output  transducers  each  having  weighted 

electrodes,  according  to  the  present  invention,  the  minimum  one  of  the  lengths  of  overlapping  of  the  pairs 
20  of  adjacent  interdigital  electrode  or  finger  portions  in  one  of  the  input  and  output  transducers  is  selected  to 

be  not  smaller  than  the  maximum  one  of  the  lengths  of  overlapping  of  the  pairs  of  adjacent  interdigital 
electrode  portions  in  the  other  transducer,  in  order  that  the  filtering  frequency  characteristic  of  the  device  is 
determined  by  the  product  of  the  frequency  characteristics  of  the  input  and  output  transducers. 

The  present  invention  will  now  be  described  in  detail  referring  to  the  accompanying  drawing,  in  which: 
25  Fig.  1  is  a  schematic  view  showing  the  position  and  dimension  of  each  of  wave  sources  included  in  a 

surface  acoustic  wave  device;  and 
Fig.  2  is  a  plan  view  showing  a  surface  acoustic  wave  device  according  to  an  embodiment  of  the 

present  invention. 
The  principle  of  the  present  invention  will  be  explained  with  reference  to  Fig.  1. 

30  Referring  to  Fig.  1,  wave  sources  in  a  surface  acoustic  wave  device,  that  is,  those  surface  portions  of  a 
piezoelectric  substrate  between  electrodes  of  opposite  polarities  are  indicated  as  linear  sound  sources  A-i  to 
A9  and  B,  to  B7.  The  linear  sound  sources  A-i  to  A9  correspond  to  the  wave  sources  included  in  an  input 
transducer,  while  the  linear  sound  sources  B-,  to  B7  correspond  to  the  wave  sources  included  in  an  output 
transducer.  The  longitudinal  center  axis  .of  each  linear  sound  source  coincides  with  that  of  each  wave 

35  source,  and  the  length  of  each  linear  sound  source  in  a  longitudinal  direction  corresponds  to  the  magnitude 
of  each  wave  source. 

Assuming  that  the  lengths  of  the  linear  sound  sources  A,  to  A9  and  B,  to  B7  are  expressed  by  a,  to  a9 
and  b,  to  b7/  the  positions  of  the  sound  sources  An  to  A9  in  a  transverse  direction  are  expressed  by  x,  to  x9 
each  indicating  a  distance  from  the  sound  source  A-,  (that  is,  x^O),  the  position  of  the  sound  sources  B,  to 

40  B7  in  the  transverse  direction  is  expressed  by  y-,  to  y7  each  indicating  a  distance  from  the  sound  source  B-, 
(that  is,  yi=0),  and  a  distance  between  the  sound  sources  At  and  B,  is  expressed  by  L,  then,  a  voltage  $„,„, 
taken  out  from  any  one  Bn  (n=1,  2,  ...,  7)  of  the  linear  sound  sources  B,  to  B7  which  receives  a  surface 
acoustic  wave  emitted  from  any  one  Am  (m=1,  2,  ...,  9)  of  the  linear  sound  sources  A,  to  A9,  is  given  as 
follows: 

45 
am 

th  oc  pi{o)t-k(L+xm+yn)} 

so  If  surface  acoustic  waves  emitted  from  any  wave  source  included  in  the  input  transducer  are  received 
completely  by  all  of  electrode  pairs  included  in  the  output  transducer,  that  is,  if  the  maximum  value  amax  of 
am  is  not  greater  than  the  minimum  value  bmin  of  bn  (amaxgbmln),  the  frequency  characteristic  H(to)  of  the 
resultant  composite  voltage  taken  out  from  the  output  transducer  is  given  as  follows: 

55  9  7 
H(co)=  I  I  4>nim 

m=1  n=1 

9  7  1 
so-  =ei«»t-kL){  z  ame-ikxm  ̂ z  e-ikyn} 

m=1  n=1  bn 

Accordingly,  by  making  the  length  of  overlapping  of  any  paired  interdigital  electrodes  or  finger 
portions  in  the  output  transducer  not  smaller  than  that  in  the  input  transducer,  the  frequency  characteristic 

65  of  the  surface  acoustic  wave  device  can  be  expressed  by  the  product  of  the  transfer  characteristic  of  the 
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input  transducer  and  that  of  the  output  transducer  without  using  a  multi-strip  coupler.  In  this  case, 
however,  it  should  be  noted  that  in  the  transfer  characteristic  of  the  output  transducer  is  used  the  reciprocal 
of  the  overlapping  electrode  or  finger  length.  Further,  it  is  needless  to  say  that  the  input  and  output 
transducers  can  be  used  as  output  and  input  transducers,  respectively,  as  is  made  in  the  conventional 

5  surface  acoustic  wave  device.  Since  the  frequency  characteristics  of  the  input  and  output  transducers  of  the 
surface  acoustic  wave  device  have  no  change  even  if  the  input  and  output  transducers  are  used  as  output 
and  input  transducers,  respectively,  the  above  conclusion  means  that  if  the  distribution  of  overlapping 
electrode  length  in  one  of  the  input  and  output  transducers  is  represented  by  means  of  the  reciprocal  of  the 
overlapping  length  and  the  minimum  one  of  the  overlapping  lengths  in  the  one  transducer  is  defined  to  be 

10  not  smaller  than  the  maximum  one  of  the  overlapping  lengths  in  the  other  transducer,  the  composite 
frequency  characteristic  of  the  device  can  be  represented  by  the  product  of  the  frequency  characteristics  of 
the  two  transducers  while  allowing  the  weighting  of  each  transducer  without  using  a  multi-strip  coupler. 

Fig.  2  shows  an  embodiment  of  a  band-pass  filter  transmitting  the  second  IF  (intermediate  frequency) 
band  will  be  explained  which  is  based  on  the  above-mentioned  principle  and  is  suitable  for  use  in  SHF 

15  receivers.  In  the  present  embodiment,  128°  rotated  Y  axis  cut  monocrystalline  lithium  niobate  is  used  as  a 
piezoelectric  substrate.  It  is  assumed  that  surface  acoustic  waves  are  propagated  in  the  direction  of  X  axis. 
Referring  to  Fig.  2,  reference  numeral  12  designates  the  piezoelectric  substrate,  13  an  input  transducer,  and 
14  an  output  transducer.  The  input  transducer  13  is  formed  of  a  set  of  first  and  second  weighted 
interdigitated  electrodes.  As  shown  in  Fig.  2,  the  length  of  overlapping  of  the  paired  interdigital  electrode  or 

20  finger  portions  of  the  first  and  second  electrodes  is  smallest  at  a  central  portion  of  the  input  transducer  13 
and  gradually  increases  as  the  overlapping  electrode  portions  are  nearer  to  both  ends  of  the  input 
transducer.  The  output  transducer  14  is  formed  of  a  set  of  third  and  fourth  interdigitated  electrodes  which 
are  weighted  in  a  well  known  manner  so  that  the  length  of  overlapping  of  the  paired  interdigital  electrode 
or  finger  portions  of  the  third  and  fourth  electrodes  is  largest  at  a  central  portion  of  the  output  transducer  1  4 

25  and  gradually  decreases  as  the  overlapping  electrode  portions  are  nearer  to  both  ends  of  the  output 
transducer. 

It  is  essential  that  the  minimum  one  of  the  overlapping  finger  lengths  in  the  input  transducer  13  is  not 
smaller  than  the  maximum  one  of  the  overlapping  finger  lengths  in  the  output  transducer  14.  The  finger 
portion  in  each  of  the  input  and  output  transducers  has  a  double  electrode  structure. 

30  An  example  of  dimensions  of  the  device  made  by  the  present  inventors  is  as  follows: 

input  transducer 
number  of  interdigital  finger  pairs:  5.5 
overlapping  finger  length:  1000  urn  at  central  portion 

35  1800  urn  at  end  portions 

output  transducer 
number  of  interdigital  finger  pairs:  30 
overlapping  finger  length:  1000  urn  at  central  portion 

40 
The  width  of  the  finger  portion  of  each  transducer  was  3.7  urn.  All  the  electrodes  were  formed  of  an 

evaporated  aluminum  film  with  a  thickness  of  5000  A  through  photolithographic  techniques. 
As  is  apparent  from  the  foregoing,  according  to  the  present  invention,  a  surface  acoustic  wave  filter  of 

practical  size  and  shape  (in  other  words,  of  low  cost)  capable  of  greatly  suppressing  sidelobes  and  suitable 
45  for  use  in  SHF  receivers  or  communication  apparatuses  can  be  formed  without  using  a  multi-strip  coupler. 

The  second-IF  filter  for  the  SHF  receiver  according  to  the  above-mentioned  embodiment  has  a  chip  size 
of  4  mmx2.5  mm  which  is  about  20%  smaller  in  a  transverse  direction  and  about  50%  smaller  in  a 
longitudinal  direction  than  a  conventional  chip  based  upon  the  prior  art  design. 

so  Claims 

1.  A  surface  acoustic  wave  device  comprising  a  piezoelectric  substrate  (12),  an  input  transducer  (13) 
provided  on  said  piezoelectric  substrate  for  converting  electric  signals  applied  thereto  into  acoustic  surface 
waves,  said  input  transducer  including  a  set  of  first  and  second  interdigitated  electrodes  in  which  the 

55  lengths  of  overlapping  of  the  pairs  of  adjacent  interdigital  finger  portions  in  said  first  and  second 
interdigitated  electrodes  are  not  the  same,  and  an  output  transducer  (14)  provided  on  said  piezoelectric 
substrate  spaced  from  said  input  transducer  for  receiving  said  acoustic  surface  waves  to  convert  the  same 
into  electric  signals  again,  said  output  transducer  including  a  set  of  third  and  fourth  interdigitated 
electrodes  in  which  the  lengths  of  overlapping  of  the  pairs  of  adjacent  interdigital  finger  portions  in  said 

60  third  and  fourth  interdigitated  electrodes  are  not  the  same,  characterized  in  that  the  minimum  one  of  the 
overlapping  finger  lengths  in  one  (13)  of  said  input  and  output  transducers  is  defined  to  be  not  smaller  than 
the  maximum  one  of  the  overlapping  finger  lengths  in  the  other  transducer  (14). 

2.  A  surface  acoustic  wave  device  according  to  claim  1,  characterized  in  that  the  finger  pair  providing 
the  minimum  overlapping  finger  length  in  said  one  transducer  (13)  is  positioned  at  a  central  portion  of  said 

65  one  transducer. 
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Patentanspriiche 

1.  Oberflachenschallwellen-Vorrichtung  mit  einem  piezoelektrischen  Substrat  (12),  einem  Eingangs- 
wandler  (13),  welche  auf  dem  piezoelektrischen  Substrat  vorgesehen  ist,  um  zugefuhrte  elektrische  Signale 

5  in  Oberflachenschallwellen  umzuwandeln,  wobei  der  Eingangswandier  einen  Satz  von  ersten  und  zweiten 
ineinandergreifenden  Elektroden  aufweist,  bei  welchen  die  Lange  der  Uberlappung  der  Paare  von 
benachbarten  ineinandergreifenden  Fingerabschnitten  in  den  ersten  und  zweiten  ineinandergreifenden 
Elektroden  nicht  gleich  sind,  und  einem  Ausgangswandler  (14),  welcher  auf  dem  piezoelektrischen 
Substrat  vorgesehen  ist  im  Abstand  von  dem  Eingangswandier  zur  Aufnahme  der  Oberflachen- 

10  schallwellen,  um  diese  wieder  in  elektrische  Signale  zu  verwandeln,  wobei  der  Ausgangswandler  einen 
Satz  von  dritten  und  vierten  ineinandergreifenden  Elektroden  aufweist,  bei  welchen  die  Lange  der 
Uberlappung  der  Paare  von  benachbarten  parallelen  Fingerabschnitten  in  den  dritten  und  vierten 
ineinandergreifenden  Elektroden  nicht  gleich  sind,  dadurch  gekennzeichnet,  dalS  das  Minimum  der 
iiberlappenden  Fingerlange  in  einem  (13)  der  Eingangs-  und  Ausgangswandler  kleiner  als  das  Maximum 

is  der  uberlappenden  Fingerlange  in  dem  anderen  Wandler  (14)  ist. 
2.  Oberflachenschallwellen-Vorrichtung  nach  Anspruch  1,  dadurch  gekennzeichnet,  dalS  das  Finger- 

paar,  welches  die  minimale  iiberlappende  Fingerlange  in  dem  einen  Wandler  (13)  aufweist,  in  einem 
mittleren  Abschnitt  des  einen  Wandlers  positioniert  ist. 

20  Revendications 

1.  Dispositif  a  ondes  acoustiques  de  surface  comprenant  un  substrat  piezoelectrique  (12),  un 
transducteur  d'entree  (13)  dispose  sur  ledit  substrat  piezoelectrique  de  maniere  a  convertir  des  signaux 
electriques,  qui  y  sont  appliques,  en  des  ondes  acoustiques  de  surface,  ledit  transducteur  d'entree 

25  comprenant  un  ensemble  de  premieres  et  secondes  electrodes  interdigitees,  les  longueurs  de 
chevauchement  des  couples  de  parties  adjacentes  interdigitees  de  doigts  dans  lesdites  premieres  et 
secondes  electrodes  interdigitees  n'etant  pas  les  memes,  et  un  transducteur  de  sortie  (14)  dispose  sur  ledit 
substrat  piezoelectrique  en  etant  distant  dudit  transducteur  d'entree  et  servant  a  recevoir  lesdites  ondes 
acoustiques  de  surface  pour  les  convertir  a  nouveau  en  des  signaux  electriques,  ledit  transducteur  de  sortie 

30  incluant  un  ensemble  de  troisiemes  et  quatriemes  electrodes  interdigitees,  les  longueurs  de  chevauche- 
ment  des  couples  de  parties  adjacentes  interdigitees  de  doigts  dans  lesdites  troisiemes  et  quatriemes 
electrodes  interdigitees  n'etant  pas  les  memes,  caracterise  en  ce  que  la  longueur  minimale  parmi  les 
longueurs  en  chevauchement  des  doigts  de  I'un  (13)  desdits  transducteurs  d'entree  et  de  sortie  est  definie 
comme  n'etant  pas  inferieure  a  la  longueur  maximale  parmi  les  longueurs  en  chevauchement  des  doigts 

35  de  I'autre  transducteur  (14). 
2.  Dispositif  a  ondes  acoustiques  de  surface  selon  la  revendication  1,  caracterise  en  ce  que  le  couple  de 

doigts  fournissant  la  longueur  minimale  de  chevauchement  des  doigts  dans  ledit  premier  transducteur  (13) 
est  positionne  dans  une  partie  centrale  de  ce  transducteur. 
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