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Description 

BACKGROUND  OF  THE  INVENTION 

5  Field  of  the  Invention 

This  invention  relates  to  an  optical  deflecting  apparatus  in  accordance  with  the  generic  clause  of  claim  1  . 
This  invention  particularly  relates  to  an  optical  deflecting  apparatus  wherein  a  wide  deflection  angle  range  is 
obtained  by  deflecting  the  guided  optical  wave  twice  by  use  of  two  surface  acoustic  waves. 

10  As  disclosed  in,  for  example,  Japanese  Unexamined  Patent  Publication  No.  61  (1986)-1  83626,  there  has 
heretofore  been  known  an  optical  deflecting  apparatus  wherein  light  is  made  to  enter  an  optical  waveguide 
formed  of  a  material  allowing  propagation  of  a  surface  acoustic  wave  therethrough,  a  surface  acoustic  wave 
is  generated  in  a  direction  intersecting  the  guided  optical  wave  advancing  inside  of  the  optical  waveguide  to 
effect  Bragg  diffraction  of  the  guided  optical  wave  by  the  surface  acoustic  wave,  and  the  frequency  of  the 

15  surface  acoustic  wave  is  continuously  changed  to  continuously  change  the  angle  of  diffraction  (deflection  an- 
gle)  of  the  guided  optical  wave.  The  optical  deflecting  apparatus  of  this  type  is  advantageous  in  that  the  ap- 
paratus  can  be  fabricated  small  and  light  and  has  high  reliability  because  of  the  absence  of  mechanical  oper- 
ating  elements  as  compared  with  a  mechanical  type  optical  deflector  such  as  a  galvanometer  mirror  or  a  poly- 
gon  mirror,  and  an  optical  deflector  using  an  optical  deflecting  device  such  as  an  electro-optic  deflector  (EOD) 

20  or  an  acousto-optic  deflector  (AOD). 
However,  the  aforesaid  optical  deflecting  apparatus  has  the  drawback  that  the  deflection  angle  cannot  be 

adjusted  to  be  large.  Specifically,  with  the  optical  deflecting  apparatus  using  the  optical  waveguide,  the  optical 
deflection  angle  is  approximately  proportional  to  the  frequency  of  the  surface  acoustic  wave,  and  therefore 
the  frequency  of  the  surface  acoustic  wave  must  be  changed  up  to  a  very  large  value  in  order  to  obtain  a  large 

25  deflection  angle.  Thus  it  is  necessary  to  change  the  frequency  of  the  surface  acoustic  wave  over  a  wide  band. 
Also,  in  order  to  satisfy  the  Bragg  condition,  it  is  necessary  to  control  the  angle  of  incidence  of  the  guided  optical 
wave  upon  the  surface  acoustic  wave  by  continuously  changing  (steering)  the  direction  of  advance  of  the  sur- 
face  acoustic  wave. 

In  order  to  satisfy  the  aforesaid  requirements,  as  disclosed  in,  for  example,  the  aforesaid  Japanese  Un- 
30  examined  Patent  Publication  No.  61  (1986)-1  83626,  there  has  heretofore  been  proposed  an  optical  deflecting 

apparatus  wherein  a  plurality  of  interdigital  transducers  (hereinafter  abbreviated  as  IDT)  generating  surface 
acoustic  waves,  the  frequency  of  which  changes  continuously  in  frequency  bands  different  from  one  another, 
are  disposed  so  that  the  directions  of  generation  of  the  surface  acoustic  waves  are  different  from  one  another, 
and  the  respective  IDTs  are  operated  through  switching. 

35  However,  the  proposed  optical  deflecting  apparatus  having  the  aforesaid  configuration  has  the  drawback 
that  the  diffraction  efficiency  decreases  around  the  cross-over  frequency  of  the  surface  acoustic  waves  gen- 
erated  by  the  respective  IDTs,  and  therefore  the  optical  amount  of  the  deflected  optical  wave  fluctuates  in  ac- 
cordance  with  the  deflection  angle. 

Also,  with  the  aforesaid  configuration,  the  IDT  which  bears  the  portion  of  a  large  deflection  angle  must 
40  ultimately  be  constituted  to  be  able  to  generate  the  surface  acoustic  wave  of  a  very  high  frequency.  This  prob- 

lem  will  be  described  below.  The  deflection  angle  8  of  the  guided  optical  wave  caused  by  the  acousto-optic 
interaction  between  the  surface  acoustic  wave  and  the  guided  optical  wave  is  expressed  as  8  =  29  wherein  9 
denotes  the  angle  of  incidence  of  the  guided  optical  wave  with  respect  to  the  direction  of  advance  of  the  surface 
acoustic  wave.  Also,  the  formula 

45 
29  =  2  s i n - 1   ( \ / 2 N e - A )  

-  A/Ne*  A 

50  =  X - f / N e - v   (1 )  

applies  wherein  X  and  Ne  respectively  denote  the  wavelength  and  the  effective  refractive  index  of  the  guided 
optical  wave,  and  A,  f  and  v  respectively  denote  the  wavelength,  the  frequency  and  the  velocity  of  the  surface 

55  acoustic  wave.  Therefore,  a  deflection  angle  range  A(29)  is  expressed  as 
A(29)  =  AfX/Nev. 

For  example,  in  order  to  obtain  a  deflection  angle  range  A(29)  equal  to  1  0°  in  the  case  where  X  =  0.78nm,  Ne 
=  2.2  and  v  =  3,500m/s,  it  is  necessary  that  the  frequency  range  Af  of  the  surface  acoustic  wave,  i.e.  the  fre- 

2 



EP  0  270  027  B1 

quency  band  of  the  high  frequency  applied  to  the  IDT,  beAf=  1.72GHz.  In  the  case  where  said  frequency  band 
is  of  one  octave  so  that  adverse  effects  of  the  second-order  diffracted  optical  wave  component  can  be  avoided, 
the  center  frequency  fO  is  equal  to  2.57GHz  and  the  maximum  frequency  f2  is  equal  to  3.43GHz.  The  period 
A  of  the  IDT  that  gives  said  maximum  frequency  f2  is  equal  to  1  .02nm,  and  the  line  width  W  of  the  IDT  finger 

5  is  equal  to  A/4  =  0.255nm. 
With  current  photolithography  and  electron  beam  drawing  processes  which  are  popular  techniques  for 

forming  the  IDT,  the  possible  line  widths  are  limited  respectively  to  approximately  0.8nm  and  approximately 
0.5nm.  Therefore,  it  is  not  always  possible  to  form  an  IDT  having  the  very  small  line  width  mentioned  above. 
Even  if  such  an  IDT  having  the  very  small  line  width  mentioned  above  could  be  formed  in  the  future,  a  driver 

10  for  generating  a  high  frequency  of  approximately  3.43GHz  cannot  always  be  manufactured  or  can  only  be  done 
at  a  very  high  cost.  Also,  it  is  not  always  possible  to  apply  a  high  voltage  to  such  an  IDT.  Further,  in  the  case 
where  the  frequency  of  the  surface  acoustic  wave  is  increased  as  mentioned  above,  the  wavelength  of  the 
surface  acoustic  wave  naturally  becomes  short,  and  therefore  the  surface  acoustic  wave  is  readily  absorbed 
by  the  optical  waveguide  and  the  diffraction  efficiency  deteriorates. 

15  On  the  other  hand,  an  optical  deflecting  apparatus  wherein,  instead  of  operating  a  plurality  of  IDTs  through 
switching  as  mentioned  above,  a  single  IDT  is  constituted  as  a  curved-finger  chirped  IDT  in  which  the  trans- 
ducer  finger  line  width  is  changed  continuously  and  the  respective  transducer  fingers  are  in  a  circular  arc 
shape,  and  the  frequency  of  the  surface  acoustic  wave  and  the  direction  of  advance  thereof  are  changed  con- 
tinuously  over  a  wide  range  by  the  single  IDT  is  disclosed  in  IEEE  Transactions  on  Circuits  and  Systems,  Vol. 

20  CAS-26,  No,  12,  p.  1072,  "Guided-Wave  Acoustooptic  Bragg  Modulators  for  Wide-Band  Integrated  Optic  Com- 
munications  and  Signal  Processing"  by  C.  S.  TSAI.  With  the  disclosed  configuration,  though  the  drawback  with 
regard  to  fluctuations  of  the  optical  amount  of  the  optical  wave  in  accordance  with  the  deflection  angle  can 
be  eliminated,  the  frequency  of  the  surface  acoustic  wave  must  still  be  adjusted  to  be  very  high,  and  therefore 
the  same  problems  as  mentioned  above  are  occur. 

25  The  primary  object  of  the  present  invention  is  to  provide  an  optical  deflecting  apparatus  wherein  no  fluc- 
tuations  in  the  optical  amount  of  the  optical  wave  as  mentioned  above  are  caused,  and  a  wide  deflection  angle 
range  is  obtained  even  though  the  frequency  of  the  surface  acoustic  wave  is  not  adjusted  to  be  very  high. 

Another  object  of  the  present  invention  is  to  provide  an  optical  deflecting  apparatus  which  enables  de- 
creases  in  the  sizes  of  the  optical  scanning  recording  apparatus  and  the  optical  scanning  read-out  apparatus. 

30  These  objects  are  solved  by  the  characterizing  features  of  claim  1  . 
The  first  surface  acoustic  wave  generating  means  and  the  second  surface  acoustic  wave  generating 

means  may  each  be  constituted  by,  for  example,  a  combination  of  a  tilted-finger  chirped  IDT,  in  which  the  trans- 
ducer  finger  intervals  are  changed  stepwise  and  the  directions  of  the  transducerf  ingers  are  changed  stepwise, 
with  a  driver  for  applying  an  alternating  voltage  the  frequency  of  which  changes  continuously  to  the  tilted-finger 

35  chirped  IDT. 
With  the  first-mentioned  optical  deflecting  apparatus  in  accordance  with  the  present  invention  wherein  the 

guided  optical  wave  deflected  by  the  first  surface  acoustic  wave  is  again  deflected  by  the  second  surface 
acoustic  wave,  a  wide  deflection  angle  range  can  be  obtained  as  a  whole  even  though  the  frequency  bands 
of  the  first  surface  acoustic  wave  and  the  second  surface  acoustic  wave  are  not  adjusted  to  be  so  wide.  There- 

to  fore,  the  optical  amount  of  the  deflected  optical  wave  does  not  fluctuate  in  accordance  with  the  deflection  angle 
as  in  the  case  where  a  plurality  of  IDTs  are  operated  through  switching.  Accordingly,  with  the  first-mentioned 
optical  deflecting  apparatus  in  accordance  with  the  present  invention,  optical  scanning  recording  or  optical 
scanning  read-out  can  be  carried  out  accurately.  Also,  since  a  wide  deflection  angle  range  can  be  obtained  as 
mentioned  above,  the  size  of  the  optical  scanning  recording  apparatus  or  the  optical  scanning  read-out  appa- 

45  ratus  can  be  made  small  by  shortening  the  distance  between  the  optical  deflecting  apparatus  and  the  surface 
which  is  to  be  scanned. 

With  the  second-mentioned  optical  deflecting  apparatus  in  accordance  with  the  present  invention  wherein 
the  optical  wave  once  diffracted  by  the  first  surface  acoustic  wave  is  further  diffracted  by  the  second  surface 
acoustic  wave  and  such  double  diffraction  is  combined  with  single  diffraction,  a  very  wide  deflection  angle 

so  range  can  be  obtained.  Therefore,  the  size  of  the  optical  scanning  recording  apparatus  or  the  optical  scanning 
read-out  apparatus  can  be  made  small  by  shortening  the  distance  between  the  optical  deflecting  apparatus 
and  the  surface  which  is  to  be  scanned. 

Also,  with  the  first-mentioned  optical  deflecting  apparatus  and  the  second-mentioned  optical  deflecting 
apparatus  in  accordance  with  the  present  invention  wherein  a  wide  deflection  angle  range  can  be  obtained 

55  even  though  the  frequencies  of  the  first  and  second  surface  acoustic  waves  are  not  adjusted  to  be  markedly 
high,  it  is  not  necessary  to  adjust  the  line  widths  of  the  IDTs  to  be  extremely  small  in  the  case  where  the  IDTs 
are  employed  as  the  surface  acoustic  wave  generating  means,  and  the  IDTs  for  use  as  the  surface  acoustic 
wave  generating  means  can  be  made  easily  with  the  present  technique.  Also,  because  of  the  above,  it  is  not 
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necessary  to  adjust  the  frequency  of  the  alternating  voltage  applied  to  the  IDTs  to  be  markedly  high,  and  there- 
fore  the  driver  for  the  IDTs  can  be  fabricated  easily  and  at  a  low  cost. 

In  the  case  where  the  optical  wave  is  deflected  with  the  second-mentioned  optical  deflecting  apparatus 
in  accordance  with  the  present  invention,  the  deflection  angle  range  is  extended  to  the  small  angle  side  as 

5  compared  with  the  case  where  the  optical  wave  is  deflected  only  with  the  double  diffraction. 
In  this  case,  the  optical  wave  that  cannot  be  diffracted  by  the  second  surface  acoustic  wave  in  the  course 

of  the  double  diffraction  may  advance  within  the  extended  small  deflection  angle  range,  depending  on  the  ad- 
justment  of  the  deflection  angles  82  and  83.  Specifically,  an  unnecessary  optical  wave  is  generated  within  the 
deflection  angle  range  which  is  to  be  utilized  as  the  effective  scanning  range.  However,  the  diffraction  effi- 

10  ciency  which  can  be  presently  obtained  by  use  of  the  surface  acoustic  wave  is  approximately  90%.  Therefore, 
when  the  optical  amount  of  the  guided  optical  wave  before  the  guided  optical  wave  intersects  the  first  surface 
acoustic  wave  is  taken  as  1,  the  optical  amount  of  the  double-diffracted  optical  wave  which  is  to  be  utilized 
for  optical  scanning  is  equal  to  0.9  x  0.9  =  0.81.  On  the  other  hand,  the  optical  amount  of  the  aforesaid  unnec- 
essary  optical  wave  is  equal  to  0.9x0.1  =  0.09.  Thus  the  ratio  of  the  optical  amount  of  the  optical  wave  utilized 

15  for  optical  scanning  to  the  optical  amount  of  the  unnecessary  optical  wave  is  approximately  9:1.  In  the  case 
where  the  optical  ratio  is  of  this  order,  recording  of  a  two-valued  image  can  be  substantially  achieved  by  use 
of  a  photosensitive  material  which  is  presently  utilized  in  practice,  though  recording  of  a  high-gradation  image, 
for  example,  would  not  always  be  possible. 

Figure  1  is  a  schematic  perspective  view  showing  an  embodiment  of  the  first  optical  deflecting  apparatus 
20  in  accordance  with  the  present  invention, 

Figure  2  is  an  enlarged  plan  view  showing  a  part  of  the  embodiment  shown  in  Figure  1, 
Figures  3Aand  3B  are  explanatory  views  showing  the  condition  of  optical  wave  deflection  in  accordance 
with  the  present  invention, 
Figure  4  is  a  plan  view  showing  different  examples  of  the  first  and  second  surface  acoustic  wave  gener- 

25  ating  means  used  in  accordance  with  the  present  invention,  and 
Figure  5  is  a  schematic  perspective  view  showing  an  embodiment  of  the  second  optical  deflecting  appa- 
ratus  in  accordance  with  the  present  invention. 
The  present  invention  will  hereinbelow  be  described  in  further  detail  with  reference  to  the  accompanying 

drawings. 
30  Referring  to  Figure  1  ,  an  optical  deflecting  apparatus  1  0  comprises  an  optical  waveguide  12  formed  on  a 

substrate  11,  a  focusing  grating  coupler  (hereinafter  abbreviated  as  FGC)  13  for  entry  of  the  optical  wave  which 
is  formed  on  the  optical  waveguide  12,  and  an  FGC  14  for  radiation  of  the  optical  wave.  The  optical  deflecting 
apparatus  10  also  comprises  a  first  tilted-finger  chirped  interdigital  transducer  (the  interdigital  transducer  is 
hereinbelow  abbreviated  as  IDT)  17  and  a  second  tilted-finger  chirped  IDT  18  for  generating  a  first  surface 

35  acoustic  wave  1  5  and  a  second  surface  acoustic  wave  1  6  respectively,  which  advance  in  directions  intersecting 
the  optical  path  of  the  guided  optical  wave  advancing  between  the  FGC  13  and  the  FGC  14,  a  high-frequency 
amplifier  19  for  applying  a  high-frequency  alternating  voltage  to  the  first  tilted-finger  chirped  IDT  17  and  the 
second  tilted-finger  chirped  IDT  18,  and  a  sweeper  20  for  continuously  changing  (sweeping)  the  frequency  of 
the  alternating  voltage. 

40  In  this  embodiment,  byway  of  example,  the  substrate  11  is  formed  of  a  LiNb03  wafer,  and  the  optical  wa- 
veguide  12  is  formed  by  overlaying  a  Ti  diffusion  film  on  the  surface  of  the  wafer.  As  the  substrate  11,  it  is 
also  possible  to  use  a  crystal  substrate  formed  of  sapphire,  Si  or  the  like.  Besides  the  Ti  diffusion,  the  optical 
waveguide  12  may  also  be  formed  by  sputtering  orvacuum  evaporation  of  a  different  material  onto  the  surface 
of  the  substrate  11.  Various  optical  waveguides  are  described  in  detail  in,  for  example,  T.  Tamir,  "Integrated 

45  Optics",  Topics  in  Applied  Physics,  Vol.  7,  Springer-  Verlag,  1975,  and  Nishibara,  et  al.,  "Integrated  Optical  Cir- 
cuit",  Ohm,  1985.  In  the  present  invention,  any  of  the  known  optical  waveguides  may  be  used  as  the  optical 
waveguide  12.  However,  the  optical  waveguide  12  must  be  formed  of  a  material  such  as  the  Ti  diffusion  film 
which  allows  propagation  of  the  surface  acoustic  waves  therethrough.  The  optical  waveguide  12  may  also  be 
constituted  by  two  or  more  layers. 

so  The  first  tilted-finger  chirped  IDT  17  and  the  second  tilted-finger  chirped  IDT  18  may  be  formed  by,  for 
example,  coating  a  positive  type  electron  beam  resist  onto  the  surface  of  the  optical  waveguide  12,  depositing 
a  thin  Au  conductive  film  by  vacuum  evaporation  onto  the  positive  type  electron  beam  resist,  drawing  a  trans- 
ducer  pattern  with  an  electron  beam,  removing  the  thin  Au  film,  carrying  out  development,  depositing  a  thin 
Cr  film  and  a  thin  Al  film  by  vacuum  evaporation,  and  then  carrying  out  lift-off  in  an  organic  solvent.  In  the 

55  case  where  the  substrate  11  and  the  optical  waveguide  12  are  made  of  a  piezo-electric  material,  the  first  sur- 
face  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  can  also  be  generated  when  the  first  tilted- 
finger  chirped  IDT  17  and  the  second  tilted-finger  chirped  IDT  18  are  disposed  directly  inside  of  the  optical 
waveguide  12oronthe  substrate  11.  In  other  cases,  a  piezo-electric  thin  film  of  ZnO  or  the  like  may  be  formed 

4 
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at  a  part  of  the  substrate  11  or  at  a  part  of  the  optical  waveguide  12  by  vacuum  evaporation,  sputtering,  or  the 
like,  and  the  first  tilted-finger  chirped  IDT  17  and  the  second  tilted-finger  chirped  IDT  18  may  be  disposed  on 
the  piezo-electric  thin  film. 

An  optical  wave  L  which  is  to  be  deflected  is  emitted  by  a  light  source  21  constituted  by  a  semiconductor 
5  laser  or  the  like  toward  the  FGC  13.  The  optical  wave  L  (divergent  wave)  is  collimated  and  taken  into  the  optical 

waveguide  12  by  the  FGC  13,  and  is  guided  inside  of  the  optical  waveguide  12.  The  guided  optical  wave  L1 
is  diffracted  (Bragg  diffraction)  as  shown  by  the  acousto-optic  interaction  with  the  first  surface  acoustic  wave 
15  generated  by  the  first  tilted-finger  chirped  IDT  17.  The  guided  optical  wave  L2  thus  diffracted  and  deflected 
is  then  diffracted  in  a  direction  that  amplifies  the  aforesaid  deflection  by  the  acousto-optic  interaction  with  the 

10  second  surface  acoustic  wave  16  generated  by  the  second  tilted-finger  chirped  IDT  18.  Also,  the  frequency 
of  the  alternating  voltage  applied  to  the  first  tilted-finger  chirped  IDT  17  is  continuously  changed  as  mentioned 
above,  and  therefore  the  frequency  of  the  first  surface  acoustic  wave  1  5  is  changed  continuously.  As  is  clear 
from  the  Formula  (1)  shown  above,  the  deflection  angle  of  the  guided  optical  wave  L2  after  being  diffracted 
by  the  first  surface  acoustic  wave  1  5  is  approximately  proportional  to  the  frequency  of  the  first  surface  acoustic 

15  wave  15.  Therefore,  as  the  frequency  of  the  first  surface  acoustic  wave  15  is  changed  as  mentioned  above, 
the  guided  optical  wave  L2  is  deflected  continuously  as  indicated  by  the  arrow  A.  The  guided  optical  wave  L2 
is  then  deflected  by  the  second  surface  acoustic  wave  1  6.  Also  the  frequency  of  the  second  surface  acoustic 
wave  16  is  changed  continuously  as  in  the  case  of  the  first  surface  acoustic  wave  15,  and  therefore  the  guided 
optical  wave  L3  after  the  passage  through  the  second  surface  acoustic  wave  16  is  deflected  continuously  as 

20  indicated  by  the  arrow  B.  The  guided  optical  wave  L3  is  radiated  by  the  FGC  14  out  of  the  optical  waveguide 
12,  and  is  converged  into  a  single  spot  by  the  converging  effects  of  the  FGC  14. 

The  deflection  angle  range  A8  of  the  optical  wave  L'  radiated  out  of  the  optical  waveguide  12,  i.e.  the  de- 
flection  angle  range  of  the  guided  optical  wave  L3,  will  be  described  hereinbelow  with  reference  to  Figure  2. 
Figure  2  shows  the  detailed  shapes  and  the  arrangement  conditions  of  the  first  tilted-finger  chirped  IDT  17 

25  and  the  second  tilted-finger  chirped  IDT  18.  With  reference  to  Figure  2,  the  first  tilted-finger  chirped  IDT  17 
and  the  second  tilted-finger  chirped  IDT  18  are  each  formed  so  that  intervals  among  the  transducer  fingers 
are  changed  stepwise  in  a  constant  change  ratio  and  the  directions  of  the  transducerfingers  are  changed  step- 
wise  in  a  constant  change  ratio.  Both  the  first  tilted-finger  chirped  IDT  17  and  the  second  tilted-finger  chirped 
IDT  18  are  disposed  so  that  the  side  with  the  smallest  transducer  finger  interval,  i.e.  the  upper  edge  side  in 

30  Figure  2,  faces  the  guided  optical  wave  side.  As  the  applied  voltage  is  swept  as  mentioned  above,  the  upper 
edge  sides  of  the  first  tilted-finger  chirped  IDT  17  and  the  second  tilted-finger  chirped  IDT  18  respectively  gen- 
erate  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  of  the  maximum  frequency 
f2  =  2GHz,  and  the  lower  edge  sides  thereof  respectively  generate  the  first  surface  acoustic  wave  1  5  and  the 
second  surface  acoustic  wave  16  of  the  minimum  frequency  f1  =  1GHz.  The  first  tilted-finger  chirped  IDT  17 

35  has  such  a  shape  that  the  transducer  finger  on  the  upper  edge  side  and  the  transducer  finger  on  the  lower 
edge  side  are  tilted  by  3°  with  respect  to  each  other,  and  is  disposed  so  that  the  transducer  finger  on  the  upper 
edge  side  makes  an  angle  of  6°  with  respect  to  the  direction  of  advance  of  the  guided  optical  wave  L1,  and 
the  transducer  finger  on  the  lower  edge  side  makes  an  angle  of  3°  with  respect  to  the  direction  of  advance  of 
the  guided  optical  wave  L1.  On  the  other  hand,  the  second  tilted-finger  chirped  IDT  18  has  such  a  shape  that 

40  the  transducer  finger  on  the  upper  edge  side  and  the  transducer  finger  on  the  lower  edge  side  are  tilted  by  9° 
with  respect  to  each  other,  and  is  disposed  so  that  the  transducer  finger  on  the  upper  edge  side  makes  an 
angle  of  18°  with  respect  to  the  direction  of  advance  of  the  guided  optical  wave  L1,  and  the  transducer  finger 
on  the  lower  edge  side  makes  an  angle  of  9°  with  respect  to  the  direction  of  advance  of  the  guided  optical  wave 
L1.  Grounding  electrodes  of  the  first  tilted-finger  chirped  IDT  17  and  the  second  tilted-finger  chirped  IDT  18 

45  may  be  formed  integrally  with  each  other.  Also,  the  tilted-finger  chirped  IDTs  as  mentioned  above  are  described 
in  detail  in,  for  example,  the  aforesaid  literature  of  C.  S.  TSAI. 

At  the  time  the  first  surface  acoustic  wave  1  5  and  the  second  surface  acoustic  wave  16  of  2GHz  are  gen- 
erated  by  the  first  tilted-finger  chirped  IDT  17  and  the  second  tilted-finger  chirped  IDT  18,  the  condition  of  dif- 
fraction  of  the  guided  optical  wave  becomes  as  indicated  by  ®  in  Figure  2.  In  this  case,  the  guided  optical 

50  wave  L1  is  incident  upon  the  first  surface  acoustic  wave  15  of  2GHz  at  an  angle  of  incidence  of  6°,  and  said 
angle  satisfies  the  Bragg  condition.  Specifically,  as  shown  in  Figure  3A,  there  obtains  the  formula 

Ikl  +  |K1  =  He  2 

55  wherein  iki  and  ^2  respectively  denote  the  wave  vector  of  the  guided  optical  wave  L1  and  the  wave  vector 
of  the  guided  optical  wave  L2  after  being  diffracted,  and  jKl  denotes  the  wave  vector  of  the  first  surface 
acoustic  wave  15.  Thus  the  direction  of  advance  of  the  guided  optical  wave  L2  after  being  diffracted  becomes 
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equal  to  the  direction  of  the  vector  ik2  (deflection  angle  8  =  29  =  12°).  Also,  at  this  time,  the  second  surface 
acoustic  wave  16  of  2GHz  is  excited  by  the  transducer  finger  on  the  upper  edge  side  of  the  second  tilted-finger 
chirped  IDT  18  in  Figure  2  (said  transducer  finger  makes  an  angle  of  12°  with  respect  to  the  transducer  finger 
on  the  upper  edge  side  of  the  first  tilted-finger  chirped  IDT  17),  and  advances  normal  to  said  transducer  finger. 
Therefore,  the  angle  of  incidence  of  the  guided  optical  wave  L2  with  respect  to  the  second  surface  acoustic 
wave  16  is  6°,  the  second  surface  acoustic  wave  16  has  the  same  wavelength  as  the  wavelength  of  the  first 
surface  acoustic  wave  15,  and  thus  the  Bragg  condition  is  satisfied.  Specifically,  as  shown  in  Figure  3A,  there 
obtains  the  formula 

He  2  +  IK  2  =  k 3  

wherein  ^3  denotes  the  wave  vector  of  the  guided  optical  wave  L3  after  being  diffracted  by  the  second  sur- 
face  acoustic  wave  16,  and  K2  denotes  the  wave  vector  of  the  second  surface  acoustic  wave  16. 

From  the  aforesaid  condition,  the  frequency  of  the  first  surface  acoustic  wave  15  and  the  frequency  of 
the  second  surface  acoustic  wave  16  are  decreased  gradually  to  1  GHz.  The  magnitude  I  Kl  I  and  the  mag- 
nitude  |  |K2  I  of  the  wave  vectors  of  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave 
1  6  are  equal  to  2nl\  wherein  A  denotes  the  wavelengths  of  the  first  surface  acoustic  wave  1  5  and  the  second 
surface  acoustic  wave  16,  and  consequently  are  proportional  to  the  frequency  of  the  first  surface  acoustic 
wave  15  and  the  frequency  of  the  second  surface  acoustic  wave  16.  Therefore,  at  the  time  the  frequency  of 
the  first  surface  acoustic  wave  15  and  the  frequency  of  the  second  surface  acoustic  wave  16  are  1GHz,  the 
magnitude  of  the  wave  vector  uq  of  the  first  surface  acoustic  wave  1  5  and  the  magnitude  of  the  wave  vector 

IK2  of  tr|e  second  surface  acoustic  wave  16  become  one-half  of  the  values  at  the  time  the  frequencies  are 
2GHz.  Also,  in  this  case,  since  the  transducer  finger  of  the  first  tilted-finger  chirped  IDT  17  for  exciting  the 
first  surface  acoustic  wave  15  of  1  GHz  is  tilted  by  3°  with  respect  to  the  transducer  finger  thereof  for  exciting 
the  first  surface  acoustic  wave  15  of  2GHz  and  the  transducer  finger  of  the  second  tilted-finger  chirped  IDT 
18  for  exciting  the  second  surface  acoustic  wave  16  of  1  GHz  is  tilted  by  9°  with  respect  to  the  transducer  finger 
thereof  for  exciting  the  second  surface  acoustic  wave  16  of  2GHz,  the  directions  of  advance  of  the  first  surface 
acoustic  wave  1  5  and  the  second  surface  acoustic  wave  16,  i.e.  the  directions  of  the  wave  vectors  |fQ  and 

IK2  .  change  by  3°  and  9°  respectively  from  the  directions  of  the  wave  vectors  |jq  and  \Yi2  of  the  first 
surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  of  2GHz.  Also,  a  -  b  in  Figure  3A,  and 
consequently  the  wave  vectors  iki  and  k2  in  the  case  where  the  frequencies  of  the  first  surface  acoustic 
wave  15  and  the  second  surface  acoustic  wave  16  are  1GHz  become  as  shown  in  Figure  3B. 

As  mentioned  above,  the  aforesaid  formulas 

(kl  +  Kl  =  Ik2, 

and 

Ik2  +  K2  =  Bc3 

also  obtain  in  the  case  where  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second  surface 
acoustic  wave  1  6  are  1  GHz. 

Also,  the  magnitude  iki  of  the  wave  vector  %\  is  equal  to  n-2nlX  wherein  X  denotes  the  wavelength  of 
the  guided  optical  wave  L1  and  n  denotes  the  refractive  index.  Said  wavelength  is  the  same  also  for  the  guided 
optical  waves  L2  and  L3,  and  therefore  the  formula 

|  Bcl|  =  |(k2|  =  | | k3 |  

always  holds.  On  the  other  hand,  the  wave  vector  |K1  of  the  first  surface  acoustic  wave  1  5  is  expressed  as 
2nlA  wherein  A  denotes  the  wavelength  of  the  first  surface  acoustic  wave  15,  and  said  wavelength  is  always 
equal  to  the  wavelength  of  the  second  surface  acoustic  wave  16.  Therefore,  the  formula 

I  IKI  I  =  I  IK2  I 
holds.  Also,  as  mentioned  above,  the  directions  of  the  wave  vectors  hq  and  K2  change  in  constant 
change  ratios  intrinsic  to  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  at  the 
time  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  are 
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changed  from  2GHz  to  1GHz.  Therefore,  the  aforesaid  relationships 

k l   +  Kl  =  k 2 ,  
5 

and 

Jc2  +  K2  »  9t3 
10 

always  hold  and  the  Bragg  condition  between  the  guided  optical  wave  L1  and  the  first  surface  acoustic  wave 
1  5  and  the  Bragg  condition  between  the  guided  optical  wave  L2  and  the  second  surface  acoustic  wave  1  6  are 
always  satisfied  as  long  as  the  frequencies  of  the  first  surface  acoustic  wave  1  5  and  the  second  surface  acous- 
tic  wave  16  are  being  changed  from  2GHz  to  1GHz  as  mentioned  above. 

15  As  is  clear  from  the  above,  the  direction  of  advance  of  the  guided  optical  wave  L3  after  being  diffracted 
twice  coincides  with  the  direction  of  the  vector  p{3  as  shown  in  Figure  3A,  i.e.  the  direction  indicated  by  ®  
in  Figure  2,  at  the  time  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic 

wave  16  are  2GHz,  and  coincides  with  the  direction  of  the  vector  Ik3  as  shown  in  Figure  3B,  i.e.  the  direction 
20  indicated  by  ®'  in  Figure  2,  at  the  time  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second 

surface  acoustic  wave  16  are  1  GHz.  The  difference  between  the  direction  of  the  vector  ^3  as  shown  in  Fig- 
ure  3Aand  the  direction  of  the  vector  ^3  as  shown  in  Figure  3B  is  24°  -  12°  =  12°.  That  is,  with  this  embodi- 
ment,  a  wide  deflection  angle  range  of  12°  is  obtained.  On  the  other  hand,  in  the  case  where  optical  wave  de- 
flection  is  carried  out  by  use  of  a  single  surface  acoustic  wave  the  frequency  of  which  changes  from  1GHz  to 

25  2GHz  (the  frequency  band  is  of  one  octave  so  that  the  adverse  effects  of  the  second-order  diffracted  optical 
wave  component  can  be  avoided),  a  deflection  angle  range  of  only  6°  is  obtained. 

When  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  are 
further  decreased  below  1GHz,  the  guided  optical  wave  L3  is  deflected  further  from  the  position  as  indicated 
by  ®'  in  Figure  3B.  However,  at  this  position,  the  guided  optical  wave  L2  diffracted  once  is  slightly  radiated 

30  at  the  time  of  2GHz  frequency.  Therefore,  the  range  of  ®  to  ®'  as  shown  in  Figure  3B  should  preferably  be 
utilized  as  the  optical  wave  deflection  range  as  in  the  aforesaid  embodiment. 

Instead  of  continuously  changing  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second 
surface  acoustic  wave  16  from  2GHz  to  1GHz,  they  may  be  changed  conversely  from  1GHz  to  2GHz.  In  this 
case,  only  the  direction  of  deflection  of  the  optical  wave  L'  is  reversed.  Also,  in  the  case  where  said  frequencies 

35  are  changed  in  a  mode  of  2GHz  1GHz  2GHz  1GHz,  the  optical  wave  L'  is  deflected  both  ways  and 
reciprocal  optical  wave  scanning  can  be  achieved. 

In  the  aforesaid  embodiment,  the  angle  of  incidence  of  the  guided  optical  wave  L1  with  respect  to  the  first 
surface  acoustic  wave  1  5  having  a  frequency  of  2GHz,  i.e.  the  angle  between  the  direction  of  advance  of  the 
guided  optical  wave  L1  and  the  transducer  finger  of  the  first  tilted-finger  chirped  IDT  1  7  that  excites  2GHz,  is 

40  adjusted  to  6°,  and  the  angle  between  the  direction  of  advance  of  the  guided  optical  wave  L1  and  the  transducer 
finger  of  the  first  tilted-finger  chirped  IDT  1  7  that  excites  1GHz  is  adjusted  to  3°.  On  the  other  hand,  the  angle 
between  the  direction  of  advance  of  the  guided  optical  wave  L1  and  the  transducer  finger  of  the  second  tilted- 
finger  chirped  IDT  18  that  excites  2GHz  is  adjusted  to  18°,  and  the  angle  between  the  direction  of  advance  of 
the  guided  optical  wave  L1  and  the  transducer  finger  of  the  second  tilted-finger  chirped  IDT  18  that  excites 

45  1  GHz  is  adjusted  to  9°.  In  general,  in  the  case  where  the  minimum  frequency  and  the  maximum  frequency  of 
the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  are  respectively  f1  and  f2  (f2  = 
2f1),  the  aforesaid  Bragg  condition  can  always  be  satisfied  when  the  angles  adjusted  to  6°,  3°,  18°  and  9°  in 
the  aforesaid  embodiment  are  respectively  adjusted  to  9,  9/2,  39  and  39/2.  This  will  be  apparent  from  Figures 
3Aand  3B. 

50  Also,  in  the  case  where  the  shapes  of  the  first  tilted-finger  chirped  IDT  17  and  the  second  tilted-finger 
chirped  IDT  18  are  adjusted  to  the  shapes  defined  by  the  aforesaid  angle  9,  the  minimum  frequency  f1  and 
the  maximum  frequency  f2  of  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16 
need  not  necessarily  be  adjusted  so  that  f2  =  2f1  ,  and  the  maximum  frequency  f2  may  be  adjusted  to  a  value 
slightly  smaller  than  2f1  ,  for  example.  However,  in  the  case  where  the  first  tilted-finger  chirped  IDT  17  and  the 

55  second  tilted-finger  chirped  IDT  18  are  formed  in  the  shapes  mentioned  above,  the  advantages  of  their  shapes 
should  be  utilized  to  the  maximum  extent,  and  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the 
second  surface  acoustic  wave  16  should  preferably  be  changed  within  the  range  of  f1  tof2  =  2f1,  which  range 
is  free  of  entry  of  the  second-order  diffracted  optical  wave  component  generated  at  the  time  of  the  minimum 
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frequency  of  f1  and  provides  the  maximum  deflection  angle  range. 
Also,  in  the  first  optical  deflecting  apparatus  in  accordance  with  the  present  invention,  the  minimum  fre- 

quency  f  1  and  the  maximum  frequency  f2  of  the  first  surface  acoustic  wave  1  5  and  the  second  surface  acoustic 
wave  16  need  not  necessarily  be  adjusted  so  that  f2  =  2f1  ,  and  the  frequencies  of  the  first  surface  acoustic 

5  wave  1  5  and  the  second  surface  acoustic  wave  16  need  not  necessarily  be  changed  so  that  they  are  always 
equal  to  each  other.  Also,  when  the  frequencies  and  the  directions  of  advance  of  the  first  surface  acoustic  wave 
15  and  the  second  surface  acoustic  wave  16  are  changed  independently  of  each  other,  the  aforesaid  relation- 
ships 

Ikl  +  Kl  =  Ik  2  , 10 

and 

Ik2  +  IK2  =  Ik  3 

15 
can  be  satisfied  through  the  shapes  and  arrangement  conditions  of  the  first  tilted-finger  chirped  IDT  17  and 
the  second  tilted-finger  chirped  IDT  18. 

However,  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16 
should  preferably  be  changed  so  that  they  are  always  equal  to  each  other.  In  this  case,  the  two  tilted-finger 

20  chirped  IDTs  can  be  operated  by  a  single  common  driver,  and  said  operation  method  is  advantageous  from 
the  viewpoint  of  cost  since  the  driver  is  usually  expensive. 

In  the  present  invention,  instead  of  using  the  tilted-finger  chirped  IDTs  17  and  18  as  mentioned  above, 
curved-finger  chirped  IDTs  wherein  the  intervals  among  the  transducer  fingers  are  changed  stepwise  and  the 
respective  transducer  fingers  are  in  a  circular  arc  shape  may  be  used  to  change  the  frequencies  and  the  di- 

25  rections  of  advance  of  the  first  and  second  surface  acoustic  waves.  Figure  4  shows  an  example  of  the  arrange- 
ment  of  such  curved-finger  chirped  IDTs.  In  this  embodiment,  a  first  curved-finger  chirped  IDT  117  and  a  sec- 
ond  curved-finger  chirped  IDT  118  are  constituted  so  that  the  transducer  finger  portions  at  the  right  end  in 
Figure  4  generate  the  first  surface  acoustic  wave  1  5  and  the  second  surface  acoustic  wave  1  6  having  the  max- 
imum  frequency  f2,  and  the  transducer  finger  portions  at  the  left  end  generate  the  first  surface  acoustic  wave 

30  15  and  the  second  surface  acoustic  wave  16  having  the  minimum  frequency  f1,  as  indicated  by  the  broken 
lines.  Also  in  this  case,  in  order  to  ensure  thatf2  =  2f1  ,  the  first  curved-finger  chirped  IDT  117  and  the  second 
curved-finger  chirped  IDT  118  should  be  constituted  and  disposed  so  that  the  transducer  finger  portion  at  the 
left  end  of  the  first  curved-finger  chirped  IDT  117  makes  an  angle  of  9/2  with  respect  to  the  direction  of  advance 
of  the  guided  optical  wave  L1,  wherein  9  denotes  the  angle  of  incidence  of  the  guided  optical  wave  L1  with 

35  respect  to  the  first  surface  acoustic  wave  1  5  having  the  maximum  frequency  f2,  and  the  transducer  finger  por- 
tions  at  the  right  end  and  the  left  end  respectively  of  the  second  curved-finger  chirped  IDT  118  make  an  angle 
of  39  and  an  angle  of  39/2  with  respect  to  the  direction  of  advance  of  the  guided  optical  wave  L1  . 

In  the  case  where,  instead  of  the  optical  waveguide  12  comprising  the  LiNb03  wafer  and  the  Ti  diffusion 
film  overlaid  on  the  wafer,  an  optical  waveguide  formed  of  ZnO  is  used  as  the  optical  waveguide  12,  a  deflection 

40  angle  range  of  approximately  A8  =  8°  can  be  obtained  when  the  maximum  frequency  and  the  minimum  fre- 
quency  of  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  are  adjusted  respec- 
tively  to  1.0GHz  and  0.5GHz,  for  example. 

Also,  three  or  more  surface  acoustic  waves  may  be  propagated  through  the  optical  waveguide,  and  the 
guided  optical  wave  may  be  diffracted  and  deflected  three  times  or  more  by  the  surface  acoustic  waves.  More- 

45  over,  with  the  optical  deflecting  apparatus  having  such  a  configuration,  the  same  effects  as  mentioned  above 
can  be  obtained  by  the  two  adjacent  surface  acoustic  waves,  and  therefore  the  optical  deflecting  apparatus 
of  this  type  is  also  embraced  in  the  scope  of  the  optical  deflecting  apparatus  in  accordance  with  the  present 
invention. 

Furthermore,  instead  of  the  aforesaid  FGC  13  and  the  FGC  14,  a  coupler  prism  or  the  like  may  be  used 
so  for  the  entry  of  the  optical  wave  into  the  optical  waveguide  12  and  the  radiation  thereof  out  of  the  optical  wa- 

veguide  12,  or  the  optical  wave  may  be  directly  entered  into  and  radiated  out  of  the  edge  faces  of  the  optical 
waveguide  12.  In  order  to  convert  the  divergent  optical  wave  L  into  the  collimated  optical  wave  and  to  converge 
the  optical  wave  L'  radiated  out  of  the  optical  waveguide  12,  it  is  possible  to  use  an  optical  waveguide  lens 
and  an  ordinary  external  lens. 

55  Figure  5  shows  an  embodiment  of  the  second  optical  deflecting  apparatus  in  accordance  with  the  present 
invention.  In  Figure  5,  similar  elements  are  numbered  with  the  same  reference  numerals  with  respect  to  Figure 
1.  In  the  optical  deflecting  apparatus  10  shown  in  Figure  5,  a  switch  30  for  interrupting  the  application  of  the 
alternating  voltage  to  the  second  tilted-finger  chirped  IDT  18  is  disposed  between  the  second  tilted-finger 
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chirped  IDT  18  and  the  high-frequency  amplifier  19.  The  switch  30  is  opened  and  closed  by  a  control  circuit 
31  in  synchronization  with  the  frequency  sweep  timing  of  the  sweeper  20. 

As  long  as  the  switch  30  is  closed  and  the  alternating  voltage  is  being  applied  to  the  second  tilted-finger 
chirped  IDT  18,  the  guided  optical  wave  L2  diffracted  and  deflected  by  the  acousto-optic  interaction  with  the 

5  first  surface  acoustic  wave  15  generated  by  the  first  tilted-finger  chirped  IDT  17  is  then  diffracted  in  a  direction 
that  amplifies  the  aforesaid  deflection  by  the  acousto-optic  interaction  with  the  second  surface  acoustic  wave 
16  generated  by  the  second  tilted-finger  chirped  IDT  18.  Also,  as  mentioned  above,  the  guided  optical  wave 
L3  after  the  passage  through  the  second  surface  acoustic  wave  16  is  deflected  continuously,  as  indicated  by 
the  arrow  B. 

10  As  will  be  described  in  detail  later,  the  alternating  voltage  generated  by  the  high-frequency  amplifier  19 
is  continuously  swept  by  the  sweeper  20  from  the  maximum  frequency  to  the  minimum  frequency.  After  the 
alternating  voltage  is  swept  to  the  minimum  frequency,  it  is  returned  to  the  maximum  frequency,  and  the  same 
sweep  operation  is  repeated.  The  control  circuit  31  opens  the  switch  30  in  the  course  of  the  sweep  period  for 
alternate  sweep  operations.  Specifically,  after  the  swept  alternating  voltage  has  been  applied  to  the  first  tilted- 

15  finger  chirped  IDT  17  and  the  second  tilted-finger  chirped  IDT  18,  the  alternating  voltage  is  applied  to  the  first 
tilted-finger  chirped  IDT  17  alone,  and  then  is  applied  to  both  the  first  tilted-finger  chirped  IDT  17  and  the  sec- 
ond  tilted-finger  chirped  IDT  18,  as  mentioned  above.  These  voltage  applying  operations  are  repeated.  There- 
fore,  after  the  guided  optical  wave  L1  has  been  diffracted  and  deflected  by  the  first  surface  acoustic  wave  15 
and  the  second  surface  acoustic  wave  16  as  mentioned  above,  generation  of  the  second  surface  acoustic  wave 

20  16  is  stopped.  At  this  time,  the  guided  optical  wave  L1  is  deflected  by  the  first  surface  acoustic  wave  15  alone. 
Thereafter,  the  guided  optical  wave  L1  is  again  deflected  by  both  the  first  surface  acoustic  wave  15  and  the 
second  surface  acoustic  wave  16.  The  deflection  angle  range  of  the  guided  optical  wave  L1  by  the  first  surface 
acoustic  wave  15  alone  and  the  deflection  angle  range  of  the  guided  optical  wave  L1  by  both  the  first  surface 
acoustic  wave  15  and  the  second  surface  acoustic  wave  16  are  adjacent  to  each  other.  Accordingly,  the  ulti- 

25  mate  deflection  angle  range  is  equal  to  the  sum  of  these  two  deflection  angle  ranges,  as  will  be  described  in 
detail  later. 

The  guided  optical  wave  L2  deflected  by  the  first  surface  acoustic  wave  15  alone  or  the  guided  optical 
wave  L3  deflected  by  both  the  first  surface  acoustic  wave  1  5  and  the  second  surface  acoustic  wave  1  6  is  radi- 
ated  by  the  FGC  14  out  of  the  optical  waveguide  12,  and  is  converged  into  a  single  spot  by  the  converging 

30  effects  of  the  FGC  14. 
The  deflection  angle  range  A8  of  the  optical  wave  L'  radiated  out  of  the  optical  waveguide  12  in  the  em- 

bodiment  shown  in  Figure  5  will  be  described  hereinbelow  with  reference  to  Figures  2,  3Aand  3B.  As  mentioned 
above,  at  the  time  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  of  2GHz  are 
generated  by  the  first  tilted-finger  chirped  IDT  17  and  the  second  tilted-finger  chirped  IDT  18,  the  condition 

35  of  diff  ration  of  the  guided  optical  wave  becomes  as  indicated  by  ®  in  Figure  2.  Also,  as  shown  in  Figure  3A, 
there  obtains  the  formula 

ikl  +  IK1  =  Ik2 

40 wherein  Ikl  and  |k2  respectively  denote  the  wave  vector  of  the  guided  optical  wave  L1  and  the  wave  vector 

of  the  guided  optical  wave  L2  after  being  diffracted,  and  Kl  denotes  the  wave  vector  of  the  first  surface 
acoustic  wave  15.  Thus  the  direction  of  advance  of  the  guided  optical  wave  L2  after  being  diffracted  becomes 
equal  to  the  direction  of  the  vector  ik2  (deflection  angle  =  29  -  12°).  Also,  at  this  time,  as  shown  in  Figure  3A, 

45  there  obtains  the  formula 

Ik2  +  K2  =  Ik3 

so  
wherein  ^3  denotes  the  wave  vector  of  the  guided  optical  wave  L3  after  being  diffracted  by  the  second  sur- 

face  acoustic  wave  16  of  2GHz,  and  |K2  denotes  the  wave  vector  of  the  second  surface  acoustic  wave  16. 
At  this  time,  83  =  24°  wherein  83  denotes  the  deflection  angle  of  the  guided  optical  wave  L3  with  respect  to 
the  guided  optical  wave  L1. 

From  the  aforesaid  condition,  the  frequency  of  the  first  surface  acoustic  wave  15  and  the  frequency  of 
55  the  second  surface  acoustic  wave  16  are  decreased  gradually  to  1  GHz.  As  mentioned  above,  the  wave  vectors 

IK1  and  ^2  in  the  case  where  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second  surface 
acoustic  wave  16  are  1GHz  become  as  shown  in  Figure  3B.  At  this  time,  82  =  12°  wherein  8  denotes  the  de- 
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flection  angle  of  the  guided  optical  wave  L3  with  respect  to  the  guided  optical  wave  L1. 
As  mentioned  above,  the  direction  of  advance  of  the  guided  optical  wave  L3  after  being  diffracted  twice 

coincides  with  the  direction  of  the  vector  ik3  as  shown  in  Figure  3A,  i.e.  the  direction  indicated  by  ®  in  Figure 
2,  at  the  time  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16 

5 
are  2GHz,  and  coincides  with  the  direction  of  the  vector  1̂ 3  as  shown  in  Figure  3B,  i.e.  the  direction  indicated 
by  ®'  in  Figure  2,  at  the  time  the  frequencies  of  the  first  surface  acoustic  wave  15  and  the  second  surface 

acoustic  wave  16  are  1GHz.  The  difference  between  the  direction  of  the  vector  Ik  3  as  shown  in  Figure  3A 

1Q  and  the  direction  of  the  vector  Ik3  as  shown  in  Figure  3B  is  24°  -  12°  =  12°.  That  is,  a  wide  deflection  angle 
range  of  12°  is  obtained  through  the  double  diffraction  by  the  first  surface  acoustic  wave  15  and  the  second 
surface  acoustic  wave  16. 

After  the  frequencies  of  the  first  surface  acoustic  wave  1  5  and  the  second  surface  acoustic  wave  16  are 
changed  continuously  as  mentioned  above,  generation  of  the  second  surface  acoustic  wave  16  is  interrupted, 

15  the  first  surface  acoustic  wave  1  5  alone  is  generated,  and  the  frequency  of  the  first  surface  acoustic  wave  1  5 
is  changed  continuously  from  2GHz  to  1GHz.  Therefore,  in  this  case  the  direction  of  deflection  of  the  optical 
wave  L'  radiated  out  of  the  optical  waveguide  12  at  the  time  the  frequency  of  the  first  surface  acoustic  wave 
1  5  is  2GHz  coincides  with  the  direction  of  deflection  of  the  guided  optical  wave  L2,  i.e.  the  direction  of  the  vector 

Ik2  as  shown  in  Figure  3A.  This  direction  is  the  same  as  the  direction  of®'  shown  in  Figure  3B,  i.e.  the 
20  direction  of  deflection  of  the  optical  wave  L'  at  the  time  both  the  frequencies  of  the  first  surface  acoustic  wave 

15  and  the  second  surface  acoustic  wave  16  are  1GHz.  When  the  frequency  of  the  first  surface  acoustic  wave 
1  5  is  changed  continuously  to  1  GHz  from  this  condition,  the  guided  optical  wave  L2  is  deflected  continuously, 
as  indicated  by  the  arrow  A  in  Figure  5.  At  the  time  the  frequency  of  the  first  surface  acoustic  wave  15  is  1GHz, 
the  direction  of  deflection  of  the  guided  optical  wave  L2,  i.e.  the  direction  of  deflection  of  the  optical  wave  L', 

25  becomes  equal  to  the  direction  of  the  vector  ik2  .  as  shown  in  Figure  3B.  At  this  time,  81  =6°  wherein  81  denotes 
the  deflection  angle  of  the  guided  optical  wave  L2  with  respect  to  the  guided  optical  wave  L1.  That  is,  a  de- 
flection  angle  range  of  81  =  6°  is  obtained  by  the  diffraction  of  the  guided  optical  wave  L1  by  the  first  surface 
acoustic  wave  15  alone.  Therefore,  with  the  embodiment  shown  in  Figure  5,  a  very  wide  deflection  angle  range 
of  12°  +  6°  =  18°  is  obtained  by  the  combination  of  the  double  diffraction  of  the  guided  optical  wave  by  the 

30 first  surface  acoustic  wave  1  5  and  the  second  surface  acoustic  wave  1  6  with  the  single  diffraction  of  the  guided 
optical  wave  by  the  first  surface  acoustic  wave  15  alone. 

In  the  case  where  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  advance 
at  an  interval  therebetween,  the  optical  path  of  the  guided  optical  wave  L2  deflected  by  the  first  surface  acous- 
tic  wave  15  of  2GHz  alone  is  at  the  position  indicated  by  <3)  in  Figure  2,  which  position  is  slightly  deviated  from 

35 the  optical  path  of  the  guided  optical  wave  L3  deflected  by  the  first  surface  acoustic  wave  1  5  and  the  second 
surface  acoustic  wave  1  6  of  1  GHz.  However,  the  deviation  in  the  optical  path  can  be  decreased  to  a  practically 
acceptable  extent  by  making  the  path  of  advance  of  the  first  surface  acoustic  wave  15  and  the  path  of  advance 
of  the  second  surface  acoustic  wave  16  as  close  to  each  other  as  possible.  Or,  the  aforesaid  deviation  may 
be  maintained  unremoved,  and  the  maximum  frequency  of  the  first  surface  acoustic  wave  15  in  the  course  of 

40 the  single  diffraction  may  be  decreased  slightly  below  2GHz  as  an  adjustment  so  that  the  optical  wave  scan- 
ning  position  at  the  minimum  deflection  angle  in  the  course  of  the  double  diffraction  and  the  optical  wave  scan- 
ning  position  at  the  maximum  deflection  angle  in  the  course  of  the  single  diffraction  are  adjacent  to  each  other 
on  the  surface  which  is  to  be  scanned. 

In  the  deflection  angle  range  obtained  by  the  single  diffraction,  i.e.  in  the  range  of®'  to  <3)'  in  Figure  3B, 
45  the  unnecessary  optical  wave  which  could  not  be  diffracted  by  the  second  surface  acoustic  wave  16  in  the 

course  of  the  double  diffraction  of  the  guided  optical  wave  L1  is  radiated,  though  slightly.  However,  as  men- 
tioned  above,  no  problem  arises  with  regard  to  such  unnecessary  optical  wave  insofar  as  the  optical  deflecting 
apparatus  is  used  for  optical  wave  scanning  recording  or  read-out  of  a  two-valued  image. 

In  the  second  optical  deflecting  apparatus  in  accordance  with  the  present  invention,  the  minimum  f  requen- 50 cy  of  the  first  surface  acoustic  wave  15  in  the  course  of  the  single  diffraction  need  not  necessarily  be  adjusted 
to  be  equal  to  the  minimum  frequency  f1  of  the  first  surface  acoustic  wave  15  in  the  course  of  the  double  dif- 
fraction. 

In  the  case  where,  instead  of  the  optical  waveguide  12  comprising  the  LiNb03  wafer  and  the  Ti  diffusion 
film  overlaid  on  the  wafer,  an  optical  waveguide  formed  of  ZnO  is  used  as  the  optical  waveguide  12,  a  deflection 

55  angle  range  of  approximately  A8  =  12°  can  be  obtained  when  the  maximum  frequency  and  the  minimum  fre- 
quency  of  the  first  surface  acoustic  wave  15  and  the  second  surface  acoustic  wave  16  are  adjusted  respec- 
tively  to  1.0GHz  and  0.5GHz,  for  example,  in  the  embodiment  shown  in  Figure  5. 
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aims 

An  optical  deflecting  apparatus  (10)  comprising: 
an  optical  waveguide  (12)  formed  of  a  material  allowing  propagation  of  surface  acoustic  waves  (15,16) 
therethrough, 
a  first  surface  acoustic  wave  generating  means  (17,117)  for  generating  a  first  surface  acoustic  wave  (1  5), 
which  advances  in  a  direction  intersecting  a  single  optical  path  of  a  guided  optical  wave  (L)  advancing 
inside  of  said  optical  waveguide  (12)  and  diffracts  and  deflects  said  guided  optical  wave  (L)  in  said  optical 
waveguide  (12),  and 
a  second  surface  acoustic  wave  generating  means  (18,118)  for  generating  a  second  surface  acoustic 
wave  (16),  which  advances  in  a  direction  intersecting  said  optical  path  of  said  guided  and  diffracted  optical 
wave  (L1)  and  diffracts  and  deflects  said  guided  and  diffracted  optical  wave  in  a  direction  that  amplifies 
the  deflection  caused  by  said  diffraction,  in  said  optical  waveguide  (12), 
whereby  each  of  said  first  and  second  acoustic  wave  generating  means  (18,118,17,117)  comprises  a  tilt- 
ed-finger  chirped  interdigital  transducer  or  a  curved-finger  chirped  interdigital  transducer,  and 
wherein  said  first  surface  acoustic  wave  generating  means  (17)  and  said  second  surface  acoustic  wave 
generating  means  (18)  are  formed  to  continuously  change  the  frequencies  of  said  first  surface  acoustic 
wave  (15)  and  said  second  surface  acoustic  wave  (16)  and  the  directions  of  advance  thereof  while  sat- 
isfying  the  conditions  of 

\kl  +  IKl  =  Ik2  , 

and 

\k2  +  !K2  =  Dc3 

wherein  and  Dc2  respectively  denote  wave  vectors  of  the  guided  optical  wave  before  and  after 

being  diffracted  by  said  first  surface  acoustic  wave  (15),  !k3  denotesawavevectoroftheguidedoptical 
wave  after  being  diffracted  by  said  second  surface  acoustic  wave,  and  jki  and  [K2  respectively  de- 
note  wave  vectors  of  said  first  surface  acoustic  wave  and  said  second  surface  acoustic  wave  (16) 
characterized  in  that 
said  first  surface  acoustic  wave  generating  means  (17,117)  and  said  second  surface  acoustic  wave  gen- 
erating  means  (18,118)  are  constituted  to  generate  surface  acoustic  waves,  the  frequencies  of  which 
change  while  attaining  values  equal  to  each  other  in  a  frequency  range  of  f1  to  f2,  wherein  f2  -  2f1  ,  and 
said  chirped  interdigital  transducer  (1  7,117)  which  constitutes  said  first  surface  acoustic  wave  generating 
means  is  formed  so  that  a  transducer  finger  at  a  portion  for  generating  said  first  surface  acoustic  wave 
having  the  frequency  f1  makes  an  angle  of  9/2  with  respect  to  a  direction  of  advance  of  guided  optical 
wave  L1  incident  upon  said  first  surface  acoustic  wave,  wherein  9  denotes  an  angle  of  incidence  of  said 
guided  optical  wave  L1  with  respect  to  said  first  surface  acoustic  wave  having  the  frequency  f2,  and 
said  chirped  interdigital  transducer  which  constitutes  said  second  surface  acoustic  wave  generating 
means  (18,118)  is  formed  so  that  the  transducer  fingers  at  portions  for  generating  said  second  surface 
acoustic  wave  having  the  frequency  f2  and  said  second  surface  acoustic  wave  having  the  frequency  f1 
respectively  make  an  angle  of  39  and  an  angle  of  39/2  with  respect  to  the  direction  of  advance  of  said 
guided  optical  wave  L1  . 

An  optical  deflecting  apparatus  (10)  of  claim  1  wherein 
the  angle  of  deflection  of  said  guided  optical  wave  by  said  first  surface  acoustic  wave  (15)  and  said  second 
surface  acoustic  wave  (16)  is  within  the  range  of  a2  to  ct3  (ct2  <  ct3),  and  if 
said  deflection  angle  becomes  smaller  than  a2,  the  operation  of  said  second  surface  acoustic  wave  gen- 
erating  means  (18,118)  is  stopped,  and  said  first  surface  acoustic  wave  generating  means  (17,117)  is  op- 
erated  to  continuously  deflect  said  guided  optical  wave  within  a  deflection  angle  range  of  ct1  to  a2  (ct1  < 
02). 

An  apparatus  as  defined  in  claim  1  or  2,  wherein 
each  of  said  first  surface  acoustic  wave  generating  means  (17,117)  and  said  second  surface  acoustic 
wave  generating  means  (18,118)  further  comprises  a  driver  (19)  for  applying  an  alternating  voltage,  the 
frequency  of  which  changes  continuously  to  said  tilted-finger  chirped  interdigital  transducer  and  wherein 

11 



EP  0  270  027  B1 

said  tilted-finger  chirped  interdigital  transducer  shows  transducer  finger  intervals  that  are  changed  step- 
wise  and  the  directions  of  the  transducer  fingers  are  changed  stepwise. 

4.  An  apparatus  as  defined  in  claim  1  or  2  wherein  each  of  said  first  surface  acoustic  wave  generating  means 
(17,117)  and  said  second  surface  acoustic  wave  generating  means  (18,118)  further  comprises  a  driver 
(1  9)  for  applying  an  alternating  voltage,  the  frequency  of  which  changes  continuously  to  said  curved-finger 
chirped  interdigital  transducer,  and  wherein  said  curved-finger  chirped  interdigital  transducer  shows 
transducer  finger  intervals  that  are  changed  stepwise,  whereby  respective  transducer  fingers  are  in  a  cir- 
cular  arc  shape. 

5.  An  apparatus  as  defined  in  claim  1  ,  wherein  said  chirped  interdigital  transducers  which  respectively  con- 
stitute  said  first  surface  acoustic  wave  generating  means  (17,11  7)  and  said  second  surface  acoustic  wave 
generating  means  (18,118)  are  operated  by  a  single  common  driver  (19). 

6.  An  apparatus  as  defined  in  claim  2,  wherein 
said  first  surface  acoustic  wave  generating  means  (1  7,11  7)  is  formed  to  generate  a  surface  acoustic  wave, 
the  frequency  of  which  changes  within  a  frequency  range  of  fO  to  f2,  wherein  fO  <  f2,  at  the  time  the  op- 
erating  of  said  second  surface  acoustic  wave  generating  means  is  being  stopped. 

7.  An  apparatus  as  defined  in  claim  5,  wherein  said  frequency  fO  is  equal  to  said  frequency  f1  . 

8.  An  apparatus  as  defined  in  claim  7,  wherein  said  chirped  interdigital  transducers  which  respectively  con- 
stitute  said  first  surface  acoustic  wave  generating  means  (17,11  7)  and  said  second  surface  acoustic  wave 
generating  means  (18,118)  are  operated  by  a  single  common  driver. 

Patentanspruche 

1  .  Optische  Ablenkeinrichtung  (1  0),  umfassend: 
einen  optischen  Wellenleiter  (12),  deraus  einem  Material  gebildet  ist,  das  die  Fortpflanzung  von  akusti- 
schen  Oberflachenwellenflachen  (15,  16)  hindurch  erlaubt, 
eine  erste  Einrichtung  zur  Erzeugung  von  akustischen  Oberflachenwellen  (17,  117)  zum  Erzeugen  einer 
ersten  akustischen  Oberflachenwelle  (15),  die  in  einer  Richtung  fortschreitet,  die  einen  einzelnen  opti- 
schen  Weg  einer  geftihrten  optischen  Welle  (L)  schneidet,  welche  in  dem  optischen  Wellenleiter  (12)  fort- 
schreitet  und  welche  die  gef  uhrte  optische  Welle  (L)  in  dem  optischen  Wellenleiter  (1  2)  beugt  und  ablenkt, 
und 
eine  zweite  Einrichtung  zur  Erzeugung  von  akustischen  Oberflachenwellen  (18,11  8)  zum  Erzeugen  einer 
zweiten  akustischen  Oberflachenwelle  (16),  die  in  einer  Richtung  fortschreitet,  die  den  optischen  Weg 
dergef  uhrten  und  gebeugten  optischen  Welle  (L1  )  schneidet  und  die  gef  uhrte  und  gebeugte  optische  Wel- 
le  in  eine  Richtung  beugt  und  ablenkt,  die  die  Ablenkung,  die  durch  die  Beugung  bedingt  ist,  in  dem  op- 
tischen  Wellenleiter  (12)  verstarkt, 
wobei  sowohl  die  erste  als  auch  die  zweite  Einrichtung  zur  Erzeugung  akustischer  Wellen  (18,  118,  17, 
117)  einen  interdigitalen  Chirp-Wandlermitgeneigten  Fingern  oder  einen  interdigitalen  Chirp-Wandlermit 
gekrummten  Fingern  umfalit,  und  wobei  die  erste  Einrichtung  (17)  zum  Erzeugen  von  akustischen  Ober- 
flachenwellen  und  die  zweite  Einrichtung  (1  8)  zum  Erzeugen  von  akustischen  Oberflachenwellen  so  aus- 
gebildet  sind,  dali  sie  kontinuierlich  die  Frequenzen  der  ersten  akustischen  Oberflachenwelle  (15)  und 
der  zweiten  akustischen  Oberflachenwelle  (16)  und  deren  Ausbreitungsrichtung  andern,  wobei  die  Be- 
dingungen  erfullt  sind,  daft 

|k1  +  |K1  =  |k2, 
und 

|k2  +  |  K2  =  |k3 
wobei  |k1  und  I  k2jeweils  die  Wellenvektoren  der  geftihrten  optischen  Welle  darstellen  bevor  und  nach- 
dem  sie  durch  die  erste  akustische  Oberflachenwelle  (15)  gebeugt  wurde,  I  k3  einen  Wellenvektor  der 
geftihrten  optischen  Welle  nach  der  Beugung  durch  die  zweite  akustische  Oberflachenwelle  darstellt,  und 
I  k1  und  |  k2  jeweils  Wellenvektoren  der  ersten  akustischen  Oberflachenwelle  und  der  zweiten  akusti- 
schen  Oberflachenwelle  (16)  darstellen,  dadurch  gekennzeichnet,  daft  die  erste  Einrichtung  zur  Erzeu- 
gung  von  akustischen  Oberflachenwellen  (17,  117)  und  die  zweite  Einrichtung  zur  Erzeugung  von  aku- 
stischen  Oberflachenwellen  (18,  118)  so  beschaffen  sind,  dali  sie  akustische  Oberflachenwellen  erzeu- 
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gen,  deren  Frequenzen  sich  andern,  wobei  sie  in  einem  Frequenzbereich  von  f1  bis  f2  gleiche  Werte  er- 
reichen,  wobei  f2  =  2f1  ,  und 
der  interdigitale  Chirp-Wandler  (17,  117),  der  die  erste  Einrichtung  zur  Erzeugung  von  akustischen  Ober- 
flachenwellen  darstellt,  so  ausgebildet  ist,  dali  ein  Wandlerfinger  in  einem  Bereich  zur  Erzeugung  der 
ersten  akustischen  Oberflachenwelle  mit  einer  Frequenz  f1  in  einem  Winkel  von  9/2  zur  Ausbreitungs- 
richtung  der  geftihrten  optischen  Welle  L1,  die  auf  die  erste  akustische  Oberflachenwelle  einfallt,  steht, 
wobei  9  den  Einfallswinkel  der  geftihrten  optischen  Welle  L1  in  bezug  auf  die  erste  akustische  Oberfla- 
chenwelle  mit  der  Frequenz  f2  darstellt,  und 
der  interdigitale  Chirp-Wandler,  der  die  zweite  Einrichtung  zur  Erzeugung  von  akustischen  Oberflachen- 
wellen  (18,  118)  darstellt,  so  gebildet  ist,  dali  die  Wandlerfinger  in  Bereichen  zur  Erzeugung  der  zweiten 
akustischen  Oberflachenwelle  mit  der  Frequenz  f2  bzw.  der  zweiten  akustischen  Oberflachenwelle  mit 
der  Frequenz  f1  zur  Ausbreitungsrichtung  der  geftihrten  optischen  Welle  L1  unter  einem  Winkel  von  39 
und  einem  Winkel  von  39/2  stehen. 

2.  Optische  Ablenkeinrichtung  (10)  nach  Anspruch  1,  wobei 
der  Ablenkwinkel  der  geftihrten  optischen  Welle,  bedingt  durch  die  erste  akustische  Oberflachenwelle 
(15)  und  die  zweite  akustischen  Oberflachenwelle  (16),  im  Bereich  von  a2  bis  ct3  (a  <  ct3)  liegt,  und  wenn 
der  Ablenkwinkel  kleiner  als  a2  wird,  die  Operation  der  zweiten  Einrichtung  zur  Erzeugung  von  akusti- 
schen  Oberflachenwellen  (18,  118)  gestoppt  wird,  und  die  erste  Einrichtung  zur  Erzeugung  von  akusti- 
schen  Oberflachenwellen  (1  7,  1  1  7)  so  betrieben  wird,  dali  die  gef  uhrte  optische  Welle  kontinuierlich  unter 
einem  Ablenkwinkelbereich  von  ct1  bis  a2  (ct1  <  a2)  abgelenkt  wird. 

3.  Gerat  nach  Anspruchen  1  oder  2,  wobei  sowohl  die  erste  Einrichtung  zur  Erzeugung  von  akustischen 
Oberflachenwellen  (17,  117)  als  auch  die  zweite  Einrichtung  zur  Erzeugung  von  akustischen  Oberfla- 
chenwellen  (18,  118)  weiter  einen  Treiber  (19)  umfalit,  urn  eine  Wechselspannung,  deren  Frequenz  sich 
kontinuierlich  andert,  an  den  interdigitalen  Chirp-Wandler  mit  geneigten  Fingern  anzulegen  und  wobei  der 
interdigitale  Chirp-Wandler  mit  geneigten  Fingern  Wandlerf  ingerintervalle  aufweist,  die  sich  stufenweise 
andern  und  wobei  sich  die  Richtungen  der  Wandlerfinger  ebenfalls  stufenweise  andern. 

4.  Gerat  nach  Anspruchen  1  oder  2,  wobei  sowohl  die  erste  Einrichtung  zur  Erzeugung  von  akustischen 
Oberflachenwellen  (17,  117)  als  auch  die  zweite  Einrichtung  zur  Erzeugung  von  akustischen  Oberfla- 
chenwellen  (18,  118)  weiter  einen  Treiber  (19)  umfalit,  urn  eine  Wechselspannung,  deren  Frequenz  sich 
kontinuierlich  andert,  an  den  interdigitalen  Chirp-Wandler  mit  gekrummten  Fingern  anzulegen,  und  wobei 
der  interdigitale  Chirp-Wandler  mit  gekrummten  Fingern  Fingerintervalle  aufweist,  die  sich  stufenweise 
andern,  wobei  die  jeweiligen  Wandlerfinger  bogenformig  sind. 

5.  Gerat  nach  Anspruch  1,  wobei  die  interdigitalen  Chirp-Wandler,  die  jeweils  die  erste  und  zweite  Einrich- 
tung  zur  Erzeugung  von  akustischen  Oberflachenwellen  (17,  117,  18,  118)  darstellen  tiber  einen  gemein- 
samen  einzigen  Treiber  (19)  betrieben  werden. 

6.  Gerat  nach  Anspruch  2,  wobei  die  erste  Einrichtung  (117,  17)  zur  Erzeugung  von  akustischen  Oberfla- 
chenwellen  so  ausgebildet  ist,  dali  sie  eine  akustische  Oberflachenwelle  erzeugt,  deren  Frequenz  sich 
in  einem  Frequenzbereich  von  fO  bis  f2  andert,  wobei  fO  <  f2,  wenn  der  Betrieb  der  zweiten  Einrichtung 
zur  Erzeugung  von  akustischen  Oberflachenwellen  gestoppt  wird. 

7.  Gerat  nach  Anspruch  5,  wobei  die  Frequenz  fO  gleich  der  Frequenz  f1  ist. 

8.  Gerat  nach  Anspruch  7,  wobei  die  interdigitalen  Chirp-Wandler,  die  jeweils  die  erste  und  zweite  Einrich- 
tung  zur  Erzeugung  von  akustischen  Oberflachenwellen  (17,  117,  18,  118)  darstellen,  tiber  einen  einzigen 
gemeinsamen  Treiber  betrieben  werden. 

Revendications 

1.  Appareil  de  deviation  optique  (10),  comprenant: 
-  un  guide  d'ondes  optique  (12)  forme  d'une  matiere  permettant  la  propagation  d'ondes  acoustiques 

de  surface  (15,  16)  dans  celle-ci; 
-  des  premiers  moyens  de  generation  d'ondes  acoustiques  de  surface  (1  7;  11  7)  pour  produire  une  pre- 

miere  onde  acoustique  de  surface  (15)  qui  se  propage  dans  une  direction  intersectant  un  unique  tra- 
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jet  optique  d'une  onde  optique  guidee  (L)  se  propageant  a  I'interieur  dudit  guide  d'ondes  optiques 
(12)  et  diffracte  et  devie  ladite  onde  optique  guidee  (L)  dans  ledit  guide  d'ondes  optiques  (12);  et 

-  des  deuxiemes  moyens  generateurs  d'ondes  acoustiques  de  surface  (18;  118)  pour  produire  une 
deuxieme  onde  acoustique  de  surface  (16),  qui  se  propage  dans  une  direction  intersectant  ledit  trajet 
optique  de  ladite  onde  optique  guidee  et  diffractee  (L1)  et  diffracte  et  devie  ladite  onde  optique  gui- 
dee  et  diffractee  dans  une  direction  qui  amplif  ie  la  deviation  provoquee  par  ladite  diffraction,  dans 
ledit  guide  d'ondes  optiques  (12), 

ce  par  quoi  chacun  desdits  premiers  et  deuxiemes  moyens  generateurs  d'ondes  acoustiques  de 
surface  (17,  18;  117,  118)  comprend  un  transducteur  interdigite  a  frequence  decroissante  (chirped  inter- 
digital  transducer)  et  doigts  inclines  ou  un  transducteur  interdigite  a  frequence  decroissante  et  doigts  in- 
curves,  et  dans  lequel  lesdits  premiers  moyens  generateurs  d'ondes  acoustiques  de  surface  (17)  et  les- 
dits  deuxiemes  moyens  generateur  d'ondes  acoustiques  de  surface  (1  8)  sont  formes  pour  faire  varier  de 
facon  continue  les  frequences  de  ladite  premiere  onde  acoustique  de  surface  et  de  ladite  deuxieme  onde 
acoustique  de  surface  (16)  et  les  directions  de  propagation  de  celles-ci  tout  en  verifiant  les  conditions 
suivantes: 

|k1  +  |K1  =  |k2 
et 

|k2  +  |  K2  =  |k3, 
oil  |k1  et  |  k2designent  respectivement  les  vecteurs  d'onde  de  I'onde  optique  guidee  avantetapres  avoir 
ete  diffractee  par  ladite  premiere  onde  acoustique  de  surface  (15),  I  k3  designe  le  vecteur  d'onde  de 
I'onde  optique  guidee  apres  avoir  ete  diffractee  par  ladite  deuxieme  onde  acoustique  de  surface,  et  I  K1 
et  |  K2  designent  respectivement  les  vecteurs  d'onde  de  ladite  premiere  onde  acoustique  de  surface  (15) 
et  de  ladite  deuxieme  onde  acoustique  de  surface  (16), 

caracterise  en  ce  que: 
-  lesdits  premiers  moyens  generateurs  d'ondes  acoustiques  de  surface  (17,  117)  et  lesdits  deuxieme 

moyens  generateurs  d'ondes  acoustiques  de  surface  (1  8,  11  8)  sont  constitues  pour  produire  des  on- 
des  acoustiques  de  surface  dont  les  frequences  varient  tout  en  atteignant  des  valeurs  egales  I'une 
a  I'autre  dans  une  gamme  de  frequences  de  f1  a  f2,  ou  f2  »  2f1  ;  et 

-  ledit  transducteur  interdigite  a  frequence  decroissante  (17;  117),  qui  constitue  lesdits  premiers 
moyens  generateurs  d'ondes  acoustiques  de  surface,  est  forme  de  telle  maniere  que  les  doigts  de 
transducteur  situes  au  niveau  d'une  partie  prevue  pour  produire  ladite  premiere  onde  acoustique  de 
surface  ayant  la  frequence  f1  forment  un  angle  de  0/2  avec  la  direction  de  propagation  de  I'onde 
optique  guidee  L1  incidente  sur  ladite  premiere  onde  acoustique  de  surface,  ou  ©  designe  Tangle 
d'incidence  de  ladite  onde  optique  guidee  L1  par  rapport  a  ladite  premiere  onde  acoustique  de  sur- 
face  ayant  la  frequence  f2;  et 

-  ledit  transducteur  interdigite  a  frequence  decroissante  qui  constitue  lesdits  deuxiemes  moyens  ge- 
nerateurs  d'ondes  acoustiques  de  surface  (18,  118)  est  forme  de  telle  maniere  que  les  doigts  de 
transducteur  situes  au  niveau  des  parties  prevues  pour  produire  ladite  deuxieme  onde  acoustique 
de  surface  ayant  la  frequence  f2  et  ladite  deuxieme  onde  acoustique  de  surface  ayant  la  frequence 
f1  forment  respectivement  un  angle  de  3©  et  3©/2  avec  la  direction  de  propagation  de  ladite  onde 
optique  guidee  L1. 

Appareil  de  deviation  optique  (10)  selon  la  revendication  1,  dans  lequel: 
-  Tangle  de  deviation  de  ladite  onde  optique  guidee  par  ladite  premiere  onde  acoustique  de  surface 

(15)  et  ladite  deuxieme  onde  acoustique  de  surface  (16)  est  compris  dans  Tintervalle  de  a2  a  ct3  (a 
<  ct3);  et 

-  si  ledit  angle  de  deviation  devient  plus  petit  que  a2,  le  fonctionement  desdits  deuxiemes  moyens  ge- 
nerateurs  d'ondes  acoustiques  de  surface  (18;  118)  est  arrete,  et  lesdits  premiers  moyens  genera- 
teurs  d'ondes  acoustiques  de  surface  (17;  117)  sont  mis  en  action  pour  devier  de  facon  continue  la- 
dite  onde  optique  guidee  dans  un  intervalle  d'angles  de  deviation  de  ct1  a  a2  (ct1  <  a2). 

Appareil  de  deviation  optique  selon  la  revendication  1  ou  2,  dans  lequel  chacun  desdits  premiers  moyens 
generateurs  d'ondes  acoustiques  de  surface  (1  7,  1  1  7)  et  desdits  deuxiemes  moyens  generateurs  d'ondes 
acoustiques  de  surface  (18,  118)  comprend  en  outre  un  circuit  d'attaque  (19)  pour  appliquer  une  tension 
alternative  dont  la  frequence  varie  de  facon  continue  audit  transducteur  interdigite  a  frequence  decrois- 
sante  et  doigts  inclines,  et  dans  lequel  ledit  transducteur  interdigite  a  frequence  decroissante  et  doigts 
inclines  presents  des  intervalles  entre  doigts  qui  varient  par  paliers  et  les  directions  des  doigts  de  trans- 
ducteur  varient  egalement  par  paliers. 
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Appareil  selon  larevendication  1  ou  2,  dans  lequel  chacun  desdits  premiers  moyens  generateurs  d'ondes 
acoustiques  de  surface  (17;  117)  et  desdits  deuxiemes  moyens  generateurs  d'ondes  acoustiques  de  sur- 
face  (18;  118)  comprend  en  outre  un  circuit  d'attaque  (19)  pour  appliquer  une  tension  alternative  dont  la 
frequence  varie  de  facon  continue  audit  transducteur  interdigite  a  frequence  decroissante  et  doigts  in- 
curves,  et  dans  lequel  ledit  transducteur  interdigite  a  frequence  decroissante  et  doigts  incurves  presents 
des  intervalles  entre  doigts  de  transducteur  qui  varient  par  paliers,  les  doigts  de  transducteur  respectifs 
ayant  une  forme  d'arc  de  cercle. 

Appareil  selon  la  revendication  1  ,  dans  lequel  lesdits  transducteurs  interdigites  a  frequence  decroissante 
qui  constituent  respectivement  lesdits  premiers  moyens  generateurs  d'ondes  acoustiques  de  surface  (1  7; 
1  1  7)  et  lesdits  deuxieme  moyens  generateurs  d'ondes  acoustiques  de  surface  (1  8;  1  1  8)  sont  mis  en  action 
par  un  seul  et  meme  circuit  d'attaque  (19). 

Appareil  selon  la  revendication  2,  dans  lequel: 
-  lesdits  premiers  moyens  generateurs  d'ondes  acoustiques  de  surface  (17;  117)  sont  formes  pour 

produire  une  onde  acoustique  de  surface  dont  la  frequence  varie  dans  une  gamme  de  frequences  de  fO 
a  f2,  oil  fO  <  f2  a  I'instant  ou  le  fonctionnement  desdits  deuxiemes  moyens  generateurs  d'ondes  acous- 
tiques  de  surface  est  arrete. 

Appareil  selon  la  revendication  5,  dans  lequel  ladite  frequence  fO  est  egale  a  ladite  frequence  f1. 

Appareil  selon  la  revendication  7,  dans  lequel  lesdits  transducteurs  interdigites  a  frequence  decroissante 
qui  constituent  respectivement  lesdits  premiers  moyens  generateurs  d'ondes  acoustiques  de  surface  (1  7; 
117)  et  lesdits  deuxiemes  moyens  generateurs  d'ondes  acoustiques  de  surface  (18;  118)  sont  mis  en  ac- 
tion  par  un  seul  et  meme  circuit  d'attaque. 
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