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Description 

Background  of  the  invention 
The  present  invention  relates  to  an  ultrasonic  microscope  system  for  measuring  the  acoustic 

s  characteristics  of  a  sample  through  using  an  ultrasonic  beam. 
In  recent  years,  there  has  been  developed  a  mechanically  scanning  ultrasonic  microscope  for 

observing  and  measuring  the  microscopic  or  macroscopic  structural  and  acoustic  characteristics  of  a 
material  through  utilization  of  a  focused  ultrasonic  beam,  as  disclosed  in,  for  example,  United  States  Patent 
No.  4,028,933  issued  on  June  14,  1977  and  "Acoustic  Microscopy  with  Mechanical  Scanning—  A  Review", 

to  Proceeding  of  the  IEEE,  Vol.  67,  No.  8,  Aug.  1979,  pp.  1092—1113.  This  ultrasonic  microscope  is,  in 
principle,  such  one  that  applies  a  conically  focused  ultrasonic  beam  to  a  sample,  moves  the  focal  point  of, 
the  beam  in  the  plane  of  the  sample,  or  in  a  direction  perpendicular  thereto,  detects,  by  an  ultrasonic 
transducer,  reflected  or  transmitted  waves  caused  by  different  elastic  properties  at  respective  points  in  the 
sample  and  converts  them  into  electric  signals  for  a  two-dimensional  display  on  a  CRT  screen  to  obtain  an 

is  ultrasonic  microscopic  image,  or  for  recording  into  an  X—  Y  recorder  or  the  like  including  digital  waveform 
recorders  (DE—  A—  3225586).  Typical  transducers  for  producing  the  focused  ultrasonic  beam  are  of  the  lens 
type  and  of  the  type  in  which  an  ultrasonic  transducer  is  disposed  on  a  concave  or  convex  spherical 
surface.  The  ultrasonic  microscopes  are  divided  into  the  transmission  type  and  the  reflection  type 
according  to  the  location  of  the  ultrasonic  transducer.  The  abovesaid  measurement  is  called  imaging 

20  measurement  by  the  ultrasonic  microscope. 
On  the  other  hand,  the  abovesaid  ultrasonic  microscope  has  been  modified  for  development  of  an 

acoustic  velocity  measuring  apparatus.  This  type  of  apparatus  is  designed  to  observe  the  transducer  output 
while  moving  a  sample  (a  solid  material,  for  example),  towards  the  ultrasonic  transducer  along  the  beam 
axis  (the  Z-axis)  instead  of  scanning  in  the  X-axis  and  the  Y-axis  direction  in  the  ultrasonic  microscope.  The 

25  transducer  output  is  recorded  as  a  periodically  changing  curve  in  a  recorder.  This  curve  is  called  a  V(Z) 

curve,  or  an  acoustic  characteristic  curve  and  it  will  also  be  referred  to  as  envelope  waveform  here.  It  is 
well-known  in  the  art  that  the  periodicity  of  the  V(Z)  curve  depends  on  the  properties  of  the  material  to  be 
measured  and  results  from  the  interference  between  a  reflected  wave  along  the  Z-axis  of  the  focused 
ultrasonic  beam  directed  to  the  sample  and  a  reradiated  wave  of  a  leaky  elastic  wave  excited  by  a  beam 

30  component  substantially  at  the  critical  angle.  Accordingly,  by  measuring  the  dip  interval  AZ  representing 
the  periodicity  of  the  V(Z)  curve,  it  is  possible  to  know  the  acoustic  characteristics  of  the  material.  The 
relation  between  the  dip  interval  AZ  and  velocity  is  given  by  the  following  equation,  approximately: 

AZ=V,/{2f(1-cos  8S)}  (D 
35 

9s=sin-1  (V,/Vs)  (2) 

where  6S  is  the  critical  angle,  V,  is  the  velocity  of  a  longitudinal  wave  in  a  liquid  acoustic  field  medium,  Vs  is 
the  velocity  of  the  leaky  elastic  wave  and  f  is  the  ultrasonic  frequency  used.  Therefore,  according  to  this 

40  acoustic  velocity  measuring  apparatus,  by  measuring  the  interval  AZ,  the  velocity  of  the  leaky  elastic  wave 
Vs  can  be  obtained  from  the  following  equation: 

Vs=V,/{1-(1-V,/2fAZ)2}1/2  (3) 

45  An  example  of  this  is  disclosed  in  Weglein,  "A  Model  for  Predicting  Acoustic  Material  Signatures", 
Applied  Physics  Letters,  February  1,  1979,  Vol.  34,  No.  3,  pp.  179—181,  and  this  article  experimentally 
clarifies  that  this  method  is  useful  for  the  quantitative  measurement  of  the  acoustic  characteristics  of  solids. 
This  measurement  is  called  quantitative  measurement  of  the  acoustic  measurement  of  a  sample  by  the 

_„  ultrasonic  m i c r o s c o p e . . . . - , . . .   ,,/-,! 
For  the  velocity  determination  by  this  measurement,  it  is  necessary  that  the  dip  intervals  AZ  in  the  V(Z) 

curve  appear  regularly.  In  general,  however,  the  situation  often  arises  where  the  dip  intervals  AZ  and  the 
waveform  of  the  V(Z)  curve  are  so  irregular  that  the  dip  intervals  AZ  cannot  be  obtained  from  the  curve, 
making  it  difficult  to  measure  the  velocity  Vs  of  the  leaky  elastic  wave  from  the  V(Z)  curve. 

50 

The  V(Z)  curve  recorded  by  the  ultrasonic  microscope  apparatus  includes  every  elastic  information  of 
the  sample  and  the  abovesaid  velocity  measurement  is  an  extraction  of  a  part  of  the  information.  The  V(Z) 
curve  also  includes  an  important  factor  which  greatly  affects  the  shape  of  an  interference  amplitude,  that  is 
the  propagation  attenuation  of  the  leaky  elastic  wave  which  contributes  to  the  interference.  It  is  considered 
that  the  amplitude  attenuation  of  a  leaky  elastic  wave  which  propagates  on  the  boundary  between  the 

liquid  acoustic  field  medium  and  the  sample  in  the  ultrasonic  microscope  apparatus  is  mainly  caused  by 
such  three  effects  as  i)  the  radiation  of  the  acoustic  wave  energy  into  the  liquid  owing  to  the  acoustic 
loading  of  the  liquid  on  the  sample,  ii)  the  acoustic  absorption  by  the  sample  and  in)  the  scattering  of 
acoustic  waves  due  to  the  surface  roughness  of  the  sample  and  by  the  structural  factors  in  the  sample,  such 

as  cracks  pores  and  grain  boundaries  in  the  sample  in  which  the  leaky  wave  energy  is  distributed. 
Accordingly,  by  measuring  the  propagation  attenuation  of  one  or  more  leaky  elastic  waves  which 

55 

60 

65 
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contribute  to  the  V(Z)  curve,  it  is  possible  to  detect  the  acoustic  impedance,  the  surface  state  and  the 
internal  structure  of  the  sample. 

In  order  to  determine  the  propagation  attenuation  of  the  leaky  elastic  waves,  two  methods  have  been 
proposed  and  employed  so  far  for  the  V(Z)  curve  obtained  with  the  use  of  a  conically  focused  ultrasonic 

5  beam.  One  of  the  methods  is  to  estimate  the  attenuation  by  comparing  the  depths  of  dips  or  the  magnitude 
of  the  interference  amplitude  in  the  measured  V(Z)  curve  with  those  of  the  V(Z)  curve  obtained  by 
theoretical  calculations.  The  other  method  is  to  directly  measure  the  attenuation  of  the  leaky  elastic  wave 
amplitude,  eliminating  the  response  of  the  ultrasonic  transducer  to  the  ultrasonic  beam  component  near 
the  center  axis  of  the  beam  in  the  V(Z)  curve  by  attaching  a  sound  absorber  to  an  acoustic  lens  centrally 

10  thereof,  using  specially  designed  electrodes  of  the  transducer,  or  employing  an  acoustic  field  suitable  for 
the  measurement  so  as  to  remove  the  beam  component  along  the  center  axis  of  the  beam,  as  described  in, 
for  instance.  Smith  et  al.,  "SAW  Attenuation  Measurement  in  the  Acoustic  Microscope",  ibid.,  1982,  18,  pp. 
955—956. 

However,  these  measuring  methods  have  such  fatal  defects  as  follows:  That  is,  the  former  method 
/5  consumes  much  time  for  the  comparison  of  the  measured  values  with  the  calculated  ones  and  insufficient 

in  the  correspondence  between  them  because  of  the  approximation  by  theoretical  calculations,  and  hence 
is  unsatisfactory  in  measurement  accuracy.  The  latter  method  is  inconvenient  in  that  the  velocity  of  the 
elastic  wave  must  be  measured  using  other  methods  such  as  the  ordinary  V(Z)  curve  method  because  the 
wave  velocity  is  needed  to  determine  the  wave  attenuation. 

20  r 

Summary  of  the  invention 
It  is  therefore  an  object  of  the  present  invention  to  provide  an  ultrasonic  microscope  apparatus  which 

permits  accurate  measurement  of  the  dip  intervals  AZ  even  if  the  dip  intervals  AZ  and  the  shape  of  the  V(Z) 
25  curve  have  irregularities,  and  which,  therefore,  ensures  accurate  measurement  of  the  velocity  of  a  leaky 

elastic  wave  in  a  sample. 
Another  object  of  the  present  invention  is  to  provide  an  ultrasonic  microscope  apparatus  which 

permits  simultaneous  measurement  of  the  velocity  and  attenuation  coefficient  of  a  leaky  elastic  wave  in  a 
sample  from  the  V(Z)  curve. 

30  Yet  another  object  of  the  present  invention  is  to  provide  an  ultrasonic  microscope  apparatus  which  is 
capable  of  quantitative  measurement  of  each  part  of  a  sample  subjected  to  imaging  measurement. 

These  objects  are  achieved  with  an  ultrasonic  microscope  apparatus  as  claimed. 
According  to  the  ultrasonic  microscope  of  the  present  invention,  high-frequency  pulses  from  a 

high-frequency  pulse  generator  are  supplied  to  an  ultrasonic  transmitter-receiver,  from  which  they  are 35  each  radiated  as  an  ultrasonic  beam  to  a  sample.  A  reflected  wave  from  the  sample  is  converted  by  the 
ultrasonic  transmitter-receiver  into  an  electric  signal,  which  is  amplified  and  rectified  by  a  detector  circuit. 
The  radiation  of  the  ultrasonic  wave  and  the  reception  of  the  reflected  wave  take  place  while  changing  the 
distance  between  the  ultrasonic  transmitter-receiver  and  the  sample  along  the  beam  axis  by  Z-axis  moving 
means.  Each  time  the  distance  between  the  ultrasonic  transmitter-receiver  and  the  sample  is  changed  by  a 40  fixed  value,  the  reflected  signal  output  is  picked  up  from  the  detector  circuit,  thus  obtaining  a  V(Z)  signal 
indicating  the  reflected  signal  levels  in  relation  with  distances  between  the  ultrasonic  transmitter-receiver 
and  the  sample.  The  V(Z)  signal  is  subjected  to  a  waveform  analysis  by  waveform  analyzing  means  using 
the  spectral  analysis  techniques,  such  as  an  FFT  method,  frequency  analysis  method  using  a  filter,  or 
maximum  entropy  method,  thereby  obtaining  the  dip  intervals  AZ  representing  the  periodicity  of 

45  interference  between  a  directly  reflected  wave  and  a  leaky  elastic  wave  from  the  sample. 
Prior  to  the  abovesaid  waveform  analysis,  the  reflected  signal  output  from  the  detector  circuit  is 

subjected  to  waveform  processing  by  waveform  processing  means  to  pick  up  an  interference  waveform, 
which  is  waveform-analyzed.  Further,  the  attenuation  of  the  leaky  elastic  wave  is  calculated  by  attenuation 

50  calculating  means,  and  this  calculation  utilizes  the  velocity  of  the  leaky  elastic  wave  based  on  the  dip 
intervals  AZ  which  is  obtained  by  the  waveform  analysis. 

The  waveform  processing  is  effected  by  subtracting,  from  the  envelope  waveform  signal  V(Z),  a 
reference  signal  indicating  the  reference  level  of  the  interference  between  the  reflected  wave  and  the  leaky 
elastic  wave.  The  attenuation  coefficient  of  the  leaky  elastic  wave  is  obtained  by  the  attenuation  calculating 

ss  means  from  the  gradient  of  a  line  joining  the  peako  of  the  interference  waveform. 
Further,  the  ultrasonic  transmitter-receiver  and  the  sample  are  moved  by  XY  driver  means  relative  to 

each  other  in  a  plane  perpendicular  to  the  beam  axis  to  perform  two-dimensional  scanning  of  the  sample 
by  the  ultrasonic  beam.  A  reflected  or  transmitted  wave  from  the  sample  during  the  two-dimensional 
scanning  thereof  is  converted  into  an  electric  signal,  which  is  amplified  and  rectified,  and  its  level  is 

eo  image-displayed  corresponding  to  each  two-dimensional  scanning  position.  The  velocity  and/or 
attenuation  of  the  leaky  elastic  wave  are  displayed  as  an  image,  or  in  a  numeric  form,  corresponding  to 
each  position  of  the  image  display.  Moreover,  the  ultrasonic  transmitter-receiver  and  the  sample  are 
oscillated  at  right  angles  to  the  beam  axis  at  a  speed  sufficiently  higher  than  the  speed  of  their  movement 
along  the  beam  axis,  by  which  mean  velocity  and  attenuation  of  the  leaky  elastic  wave  for  a  certain  region 

65  of  the  sample  are  measured. 
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Brief  description  of  the  drawings 
Fig.  1  is  a  block  diagram  illustrating  a  conventional  ultrasonic  microscope  apparatus  which  performs 

quantitative  measurement;  . 
Figs.  2Ato  2E  show  a  timing  chart  for  assistance  in  explaining  the  operation  of  the  apparatus  shown  in 

Fig.  3  shows,  in  section,  a  transmitter-receiver  and  a  sample  for  assistance  in  explaining  the 
interference  between  a  directly  reflected  wave  and  a  leaky  elastic  wave; 

Fig.  4  is  a  graph  showing  an  example  of  the  V(Z)  curve  indicating  variations  in  the  level  of  a  reflected 
wave  with  respect  to  the  distance  between  the  transmitter-receiver  and  the  sample; 

10  Fig.  5  is  a  perspective  view  illustrating  an  example  of  an  ultrasonic  line-focus  beam; 
Fig.  6  is  a  graph  showing  an  example  of  the  V(Z)  curve  of  an  irregular  shape; 
Fig.  7  is  a  block  diagram  illustrating  an  embodiment  of  the  ultrasonic  microscope  apparatus  of  the 

present  invention  which  is  equipped  with  the  quantitative  measurement  function; 
Fig  8  is  a  graph  showing  theoretical  and  experimental  values  of  the  phase  velocity  Vs  and  the 

15  normalized  attenuation  coefficient  as  of  a  leaky  elastic  surface  wave  and  a  leaky  pseudo-elastic  surface 
wave  on  a  (111)-Ge  sample  in  a  propagation  direction  9; 

Fig  9  is  a  graph  showing  the  V(Z)  curve  for  the  (111)-Ge  sample  in  a  direction  9=30°; 
Fig.  10  is  a  graph  showing  the  FFT-analyzed  spectrum  of  an  interference  wave  in  the  V(Z)  curve 

depicted  in  Fig.  6;  . 20  Fig.  11  is  a  graph  showing  the  FFT-analyzed  spectrum  of  an  interference  wave  in  the  V(Z)  curve 
depicted  in  Fig.  9; 

Figs.  12A  to  12F  are  graphs  showing  the  steps  involved  in  waveform  processing; 
Fig.  13  is  a  flowchart  illustrating  an  example  of  the  operation  of  measuring  velocity  Vs  and  attenuation 

coefficient  as;  '  .  CT 25  Figs.  14A  to  14E  are  diagrams  showing  the  procedure  of  measuring  the  dip  intervals  AZ,  using  the  FFT 
analysis; 

Fig.  15  is  a  flowchart  showing  another  example  of  the  Vs  and  as  measuring  operation; 
Fig.  16  is  a  block  diagram  illustrating  an  embodiment  of  the  ultrasonic  microscope  apparatus  of  the 

present  invention  which  is  equipped  with  the  quantitative  measurement  function  and  the  imaging 
30  measurement  function;  . 

Fig.  17  is  a  block  diagram  showing  a  modification  of  the  apparatus  illustrated  in  hg.  ifa; 
Fig!  18  is  a  block  diagram  illustrating  a  part  of  an  example  of  an  ultrasonic  microscope  apparatus 

equipped  with  a  transmission  type  imaging  measurement  function;  and 
Fig.  19  is  a  front  view  showing  the  outline  of  the  external  appearance  of  the  ultrasonic  microscope 

apparatus  of  the  present  invention. 

Description  of  the  preferred  embodiments 
To  facilitate  a  better  understanding  of  the  present  invention,  a  description  will  be  given,  with  reference 

to  Fig.  1,  of  a  conventional  ultrasonic  microscope  apparatus  for  measuring  the  velocity  of  leaky  elastic 
40  

waves  in  a  sample  material.  A  sine-wave  signal  of  an  ultrasonic  frequency  is  supplied  from  a  signal  source 
11  to  a  modulator  12,  wherein  it  is  pulse-modulated  by  pulses  from  a  pulse  generator  13  into  a 
high-frequency  pulse  signal.  The  signal  source  1  1  ,  the  modulator  1  2  and  the  pulse  generator  13  constitute  a 
high-frequency  pulse  generator  14.  The  high-frequency  pulse  signal  from  the  high-frequency  pulse 
generator  14  is  provided  via  a  duplexer  15,  such  as  a  circulator,  directional  coupler  or  the  like,  to  a 

45  transducer  17  of  an  ultrasonic  transmitter-receiver  16  for  conversion  into  an  ultrasonic  pulse.  The  ultrasonic 
pulse  is  emitted,  as  an  ultrasonic  point-focus  beam  19  conically  focused  by  an  acoustic  lens  18  as  of 
sapphire,  into  a  liquid  acoustic  field  medium  21. 

A  sample  23  is  mounted  on  a  sample  holder  22  in  the  vicinity  of  the  focal  point  of  the  acoustic  lens  1  8  in 

so  the  liquid  acoustic  field  medium  21  and  is  irradiated  by  the  ultrasonic  beam  19.  Each  high-frequency  pulse 
signal  is  converted  by  the  transducer  17  into  an  ultrasonic  pulse  24,  as  shown  in  Fig.  2A,  and  a  portion  of 
the  energy  of  the  ultrasonic  pulse  is  reflected  at  the  boundary  between  the  acoustic  lens  18  and  the  liquid 
acoustic  field  medium  21  to  become  a  pulse  which  is  repeatedly  reflected  between  above  mentioned 
boundary  and  the  boundary  between  the  transducer  17  and  the  acoustic  lens  18  while  being  gradually 

55  attenuated,  as  indicated  by  25,,  252,  253...  in  Fig.  2B.  The  remaining  part  of  the  energy  of  the  ultrasonic 
pulse  24  passes  into  the  liquid  acoustic  field  medium  21  and  is  reflected,  by  the  sample  23,  as  a  reflected 
pulse  26  back  to  the  transducer  17.  The  reflected  wave  is  converted  by  the  transducer  17  into  an  electric 
signal  which  is  provided  via  the  duplexer  15  to  a  gate  27.  The  pulse  signal  from  the  pulse  generator  13  is 
applied  to  a  gate  signal  generator  28,  and  by  a  gate  signal  29  (Fig.  2C)  produced  in  the  gate  signal  generator 

60  28,  the  gate  27  is  controlled  to  pass  therethrough  the  reflected  pulse  26  from  the  sample  23  as  shown  in  Fig. 
2D.  The  reflected  pulse  26  is  amplified  and  rectified  by  a  detector  circuit  31  to  obtain  a  reflection  signal  32, 
as  shown  in  Fig.  2E,  which  is  supplied  to  a  recorder  33. 

A  drive  controller  34  controls  a  Z-direction  driver  35,  by  which  the  sample  holder  22  is  moved  towards 
the  transmitter-receiver  16  along  the  axis  (Z-axis)  of  the  ultrasonic  beam  19.  A  signal  corresponding  to  the 

65  distance  of  movement  of  the  sample  holder  22  in  the  Z-direction  is  provided  from  the  drive  controller  34  to 

40 

AS 

65 
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the  recorder  33,  recording  therein  the  varying  states  of  the  level  of  the  reflection  signal  32  which  are  caused 
by  changes  in  the  distance  Z  between  the  transmitter-receiver  16  and  the  sample  23. 

Let  it  be  assumed  that  leaky  elastic  surface  waves  exist,  as  a  leaky  elastic  wave  mode,  at  the  boundary 
between  the  liquid  acoustic  field  medium  21  and  the  sample  23. 

5  In  such  a  case,  as  illustrated  on  an  enlarged  scale  in  Fig.  3,  there  are  effectively  a  component  of  a 
directly  reflected  wave  36  which  is  incident  on  the  sample  23  substantially  along  the  center  axis  of  the 
acoustic  lens  18  and  reflected  by  the  sample  23  back  to  the  transducer  17,  and  a  component  of  a  leaky 
elastic  wave  37  which  is  incident  on  the  sample  23  at  a  leaky  elastic  surface  wave  critical  angle  9S  and 
propagates  a  certain  distance  on  the  surface  of  the  sample  23,  thereafter  being  reradiated  into  the  liquid 

10  acoustic  field  medium  21  and  back  to  the  ultrasonic  transducer  17.  Thus,  a  V(Z)  curve  as  shown  in  Fig.  4, 
which  has  periodic  dips  38  in  the  output  level  waveform  of  the  detector  circuit  31  owing  to  the  interference 
of  these  two  components,  is  recorded  into  the  recorder  33.  By  measuring  the  dip  interval  AZ,  the  velocity  Vs 
of  the  leaky  elastic  surface  wave  in  the  sample  23  can  be  obtained  from  Eq.  (3)  mentioned  previously.  In  Fig. 
4,  when  Z=0  the  sample  23  lies  at  the  focal  point  of  the  acoustic  lens  18,  and  as  the  sample  23  approaches 

is  the  transmitter-receiver  16,  the  distance  Z  increases  in  one  direction. 
In  the  velocity  measurement  based  on  the  V(Z)  curve,  the  use  of  the  point-focus  ultrasonic  beam  has 

the  advantage  that  an  acoustic  characteristic  for  a  minute  portion  of  the  sample  can  be  detected,  but  due  to 
the  symmetrical  configuration  of  the  beam,  its  energy  spreads  in  all  directions  around  the  beam  axis,  so 
that  when  the  sample  23  has  anisotropy  about  the  Z-axis,  anisotropy  dependent  upon  the  wave 

20  propagation  direction  cannot  be  detected,  and  the  velocity  is  measured  as  a  mean  value.  For  quantitatively 
precise  measurement  including  anisotropy,  an  ultrasonic  microscope  which  uses  a  linearly  focused 
ultrasonic  beam  (line-focus  beam)  has  been  proposed  in  U.S.  Patent  No.  4  459  852  filed  on  July  6,  1982  and 
IEEE  Ultrasonics  Symp.  Proc,  pp.  552—556  (1981). 

Fig.  5  schematically  illustrates  a  method  for  detecting  acoustic  anisotropy  of  a  solid  material  about  the 
25  Z-axis  through  using  the  ultrasonic  line-focus  beam.  An  ultrasonic  line-focus  beam  39  is  applied  to  the 

sample  23  through  the  liquid  acoustic  field  medium  (not  shown  in  Fig.  5),  and  the  V(Z)  curve  is  recorded 
while  moving  the  sample  23  in  the  Z-axis  direction  in  the  same  manner  as  in  the  case  of  using  the  aforesaid 
ultrasonic  point-focus  beam  19.  The  relation  between  the  dip  interval  AZ  and  the  velocity  of  leaky  elastic 
waves  in  the  solid  is  exactly  the  same  as  described  previously  in  the  case  of  using  the  ultrasonic  point-focus 

30  beam  19.  Since  the  leaky  elastic  waves  can  be  excited  only  in  a  direction  perpendicular  to  the  focused  line 
of  the  ultrasonic  beam  39,  i.e.  in  the  X-direction,  the  propagation  velocity  in  the  X-direction  can  be 
measured.  By  repeating  such  measurement  while  turning  the  sample  23  about  the  Z-axis  by  steps  of  a 
predetermined  small  angle,  the  anisotropy  of  the  sample  23  around  the  Z-axis  can  be  measured  as  a 
difference  in  velocity  value  of  the  leaky  elastic  waves.  That  is,  when  using  the  ultrasonic  line-focus  beam  39, 

35  the  anisotropy  of  a  crystal  can  be  expressed  by  the  relation  between  the  rotated  angle  9  and  the  velocity. 
For  determining  the  velocity  by  such  a  measurement  method  as  mentioned  above,  it  is  necessary  that 

the  dips  in  the  V(Z)  curve  appear  at  regular  intervals.  In  many  cases,  however,  the  V(Z)  curves  generally 
observed  are  appreciably  irregular  in  dip  interval  and  in  shape,  as  shown  in  an  experimental  example  of 
Fig.  6.  This  phenomenon  often  occurs  in  cases  of  a  sample  having  anisotropy  or  a  layered  structure 

40  (including  a  diffusion  layered  structure)  and  a  sample  not  so  large  in  thickness  as  compared  with  the 
wavelength  of  the  ultrasonic  waves  used.  As  the  cause  of  this  phenomenon,  it  was  considered  that  a 
plurality  of  leaky  elastic  wave  modes  generally  exist  in  such  samples  and  complicated  interferences  of 
reflected  waves  of  the  respective  modes  would  disturb  the  dip  interval  and  the  shape  of  the  V(Z)  curve.  It 
has  been  proved,  as  a  result  of  our  various  experiments  and  studies,  that  the  complex  V(D)  curve  results 

45  from  the  superposition  of  V(Z)  curves  obtainable  on  the  assumption  that  waves  of  respective  modes  exist 
simultaneously  and  independently. 

Fig.  7  illustrates  a  block  diagram  of  an  embodiment  according  to  the  present  invention,  in  which  the 
parts  corresponding  to  those  in  Fig.  1  are  identified  by  the  same  reference  numerals.  The  transmitter- 
receiver  16  used  in  this  embodiment  is  such  one  that  is  capable  of  producing  the  line-focus  ultrasonic  beam 

so  39.  It  is  also  possible  to  employ  the  transmitter-receiver  of  the  type  producing  the  point-focus  ultrasonic 
beam.  The  reflected  signal  output  of  the  detector  circuit  31  is  provided  to  a  holding  circuit  41,  such  as  a  peak 
holder  or  sampling  holder,  in  which  the  peak  (or  sample)  value  of  each  reflected  signal  pulse  is  held,  and 
the  output  of  the  holding  circuit  41  has  its  noise  component  removed  by  a  low-pass  filter  42,  thereafter 
being  supplied  to  a  waveform  memory  43.  By  controlling  the  Z-axis  driver  35  from  the  drive  controller  34, 

55  for  example,  by  applying  500  Hz  pulses  to  a  step  motor,  the  sample  23  is  moved  towards  the 
transmitter-receiver  16  by  steps  of  a  certain  value,  for  instance,  0.1  |im.  The  pulse  repetition  frequency  of 
the  pulse  generator  13  is  set  to,  for  example,  10  KHz.  A  trigger  pulse,  which  indicates  the  start  of  this 
operation,  is  applied  from  a  terminal  44  of  the  drive  controller  34  to  the  waveform  memory  43  to  put  it  in 
operation.  Clock  pulses  are  provided  to  the  waveform  memory  43  from  a  terminal  45  of  the  drive  controller 

60  34  and,  for  each  upward  movement  of  the  sample  23,  the  output  of  the  filter  42  is  sampled,  and  the  sample 
value  is  specified  by  an  address  generated  in  the  waveform  memory  43  and  stored  therein,  for  instance,  as 
a  12-bit  digital  value.  The  address  is  altered  for  each  step  of  the  upward  movement  of  the  sample  23.  When 
the  sample  23  has  been  moved  towards  the  transmitter-receiver  16  by  a  predetermined  number  of  steps, 
for  example,  8192,  the  data  stored  in  the  waveform  memory  43  are  transferred  to  an  electronic  computer  (a 

65  data  processor)  46.  The  movement  of  the  sample  23  is  effected  to  such  an  extent  as  to  provide  at  least  three 
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dips  in  the  V(Z)  curve.  The  data  thus  transferred  to  the  electronic  computer  46,  that  is,  the  data  representing 
the  V(Z)  curve,  are  subject  to  an  FFT  analysis  in  accordance  with  an  algorithm  generally  employed. 

,  A  description  will  be  given  of  the  results  of  experiments  conducted  on  a  (1  1  1  )-Ge  (belonging  to  crystal 
system  m3m)  through  the  use  of  the  apparatus  illustrated  in  Fig.  7.  Water  is  used  as  the  liquid  acoustic  field, 

5  medium  21  .  As  leaky  elastic  waves  which  exist  and  propagate  on  the  boundary  between  the  water  21  and 
the  (111)-Ge  sample  23,  there  are  two  leaky  modes  of  waves,  i.e.  a  leaky  elastic  surface  wave  and  a  leaky 
pseudo-elastic  surface  wave  which  propagate  while  slightly  radiating  its  acoustic  energy  into  the  (111)-Ge 
sample  23,  too.  Fig.  8  shows  the  dependency  of  the  leaky  elastic  wave  velocity  on  the  propagation  direction 
(6)  resulting  from  the  anisotropy  of  the  (111)-Ge  sample  23  around  the  Z-axis.  The  curve  47  indicates  the 

10  propagation  characteristic  of  the  leaky  elastic  surface  wave  and  the  curve  48  the  propagation  characteristic 
of  the  leaky  pseudo-elastic  surface  wave.  In  this  case,  it  is  indicated  that  the  anisotropy  is  dependent  on  the 
crystalline  symmetry  of  the  sample  23  and  that  the  characteristics  in  all  directions  are  determined  by  the 
relationship  between  the  angle  9  from  0°  to  30°  and  the  acoustic  velocity.  As  regards  acoustic  wave 
propagation  in  the  direction  of  9=30°  and  in  symmetrical  angular  directions  thereof,  there  does  not  exist 

is  the  leaky  pseudo-elastic  surface  wave,  theoretically,  except  a  leaky  pure  Rayleigh  wave. 
Now,  the  FFT  waveform  analysis  is  applied,  by  the  electronic  computer  46,  to  V(Z)  curves  obtained  for 

the  directions  of  9=0°  and  9=30°  with  respect  to  the  (1  1  1  )-Ge  sample  in  the  case  of  the  ultrasonic  frequency 
used  for  measurement  being  226.3  MHz.  Figs.  6  and  9  show  the  V(Z)  curves  obtained  for  9=0°  and  9=30°, 
respectively.  In  the  case  of  the  V(Z)  curve  for  9=0°,  owing  to  the  presence  of  the  two  leaky  elastic  wave 

20  modes,  the  waveform  is  more  deformed,  as  shown  in  Fig.  6,  than  in  the  case  of  the  V(Z)  curve  for  the 
direction  9=30°  (Fig.  9)  in  which  only  one  leaky  elastic  wave  mode  exists,  and  it  is  easily  seen  that  it  is 
difficult  to  employ  the  conventional  velocity  measurement  method  described  previously  with  regard  to  Fig. 
1.  Figs.  10  and  11  show  the  results  of  the  FFT  analysis  of  the  two  V(Z)  curves.  In  this  case,  the  two  V(Z) 
curves  were  analyzed,  by  FFT,  after  extracting  therefrom  a  VR(Z)  curve  (described  later)  indicating  a 

25  reference  level  of  interference  between  the  reflected  wave  (the  directly  reflected  wave)  along  the  center 
axis  and  the  leaky  elastic  wave.  The  FFT  analysis  was  applied  to  sample  data  of  8192  sample  points  in  total, 
551  points  of  which  were  obtained  from  the  waveform  of  each  of  the  V(Z)  curves  shown  in  Figs.  6  and  9,  the 
remaining  points  having  been  added  as  dummy  points  to  the  front  and  rear  of  the  551  sample  points  so  as 
to  obtain  a  sufficiently  high  velocity  resolution  for  the  leaky  elastic  wave.  In  Fig.  10  maximal  spectra  appear 

30  at  a  peak  frequency  49  of  f  p(LSAW)=  1  03.28  Hz  for  the  leaky  elastic  surface  wave  and  at  a  peak  frequency  51 
of  fp(LPSAW)=60.06  Hz  for  the  leaky  pseudo-elastic  surface  wave,  respectively.  By  using  the  relation 
expressed  by  the  following  equation,  the  dip  intervals  AZ  for  the  respective  modes  can  be  obtained  from 
the  abovesaid  frequencies: 

35  AZ=(AZs/At)  •  (1/fp)  (4) 

Here,  sampling  distance  interval  AZs  for  the  V(Z)  curve  is  1  urn  and  the  sampling  time  interval  At  defined 
when  the  distance  variable  Z  is  scale-converted  into  the  time  variable  t  is  0.0005  sec.  Using  Eq.  (3) 
expressing  the  relationship  between  the  dip  interval  AZ  and  the  sound  velocity  VI,  velocities  of  the  leaky 

40  elastic  surface  wave  and  the  leaky  pseudo-elastic  surface  wave  are  calculated  as  Vs(LSAW)=2670  m/s  and 
Vs(LPSAW)=3435  m/s,  respectively.  On  the  other  hand,  for  9=30°,  the  frequency  at  which  a  maximal 
spectrum  appears  for  the  pure  leaky  Rayleigh  wave  is  fp(LSAW)=92.28  Hz,  and  the  velocity  can  be 
determined  as  Vs(LSAW)=2810  m/s. 

As  described  above,  in  the  case  of  the  present  invention,  even  if  there  are  irregularities  in  the  waveform 
45  of  the  V(Z)  curve,  it  is  possible  to  separate  a  plurality  of  leaky  elastic  wave  modes  which  contribute  to'  the 

V(Z)  curve  and  to  measure  the  acoustic  characteristic  for  each  mode.  Incidentally,  since  the  sound  velocity 
VI  in  the  liquid  acoustic  field  medium  21  varies  with  temperature,  a  temperature  sensor  52  is  disposed  in 
the  liquid  acoustic  field  medium  21  to  detect  its  temperature  as  shown  in  Fig.  7,  the  detected  value  is  input 
into  the  electronic  computer  46,  and  by  referring  to  a  table  showing  the  relation  between  temperature  and 

so  the  sound  velocity  VI,  the  sound  velocity  VI  at  a  predetermined  reference  temperature  is  obtained  for 
computation  of  the  velocity  Vs. 

Our  various  experiments  and  researches  have  revealed  that  the  V(Z)  curve  shown  in  Fig.  4  is  a  super 
position  of  an  interference  wave  between  the  reflected  wave  (the  directly  reflected  wave)  along  the  center 
axis  and  the  leaky  elastic  wave,  and  a  reference  signal  curve  VR(Z)  indicating  the  reference  level  of  the 

55  interference.  The  reference  signal  curve  VR(Z)  indicates  variations  in  the  receiving  level  of  the  reflected 
wave  which  are  caused  mainly  by  the  approach  of  the  sample  23  to  the  transmitter-receiver  16  from  the 
focal  point,  and  it  is  maximal  near  the  focal  point  i.e.,  at  Z=0.  The  reference  signal  curve  VR(Z)  is  determined 
by  the  configurations  and  the  operating  frequencies  of  the  transducer  17  and  the  line-focus  acoustic  lens 
18.  A  curve  obtained  by  extracting  the  reference  signal  curve  VR(Z)  from  the  measured  V(Z)  curve  has  the 

60  dip  interval  AZ  corresponding  to  the  leaky  elastic  surface  wave  velocity  and  can  be  expressed  as  an 
interference  output  waveform  V,(Z)  of  a  sine  wave  which  attenuates  in  relation  to  the  propagation  length  of 
the  leaky  elastic  surface  wave.  Accordingly,  the  output  V(Z)  can  be  expressed  approximately  by  the 
following  equation: 

65  V(Z)=V,(Z)+VR(Z) 
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Here, 
V,(Z)=C  •  ATT  •  sin  ($|Z|+<|>)  (5) 

ATT=exp(-2aut(Z))  •  exp(-2y|Z|tan  9s)  (6) 
5 

Y=2nfas/Vs  (7) 

t(Z)=AB=CD 

10  where  E,  is  the  relative  phase  difference  per  unit  propagation  length  between  a  reflected  wave  component 
36  along  the  center  axis  and  a  leaky  elastic  surface  wave  component  37  in  Fig.  3,  $  is  an  initial  phase 
difference  between  the  components  36  and  37  at  the  focal  plane  Z=0,  C  is  an  arbitrary  constant,  f  is  an 
ultrasonic  frequency,  aM  is  an  attenuation  coefficient  of  a  longitudinal  wave  in  the  liquid  sound  field 
medium  21,  Vs  is  the  phase  velocity  of  the  leaky  elasticjsurface  wave,  as  is  a  normalized  propagation 

15  attenuation  coefficient  of  the  leaky  elastic  surface  wave,  AB  is  the_djstance  from  the  acoustic  lens  1  8  to  the 
point  of  incidence  on  the  sample  23  at  a  critical  angle  9s  and  CD  is  the  path  length  of  the  leaky  elastic 
surface  wave  from  the  sample  23  to  the  acoustic  lens  18.  According  to  an  aspect  of  the  present  invention, 
when  the  acoustic  characteristics  (the  velocity  and  the  attenuation  coefficient)  of  the  liquid  sound  field 
medium  21  are  preknown,  the  velocity  Vs  of  the  leaky  elastic  wave  is  determined  from  the  periodicity  of  the 

20  interference  waveform  output  V,(Z)  which  is  experimentally  extracted  from  the  acoustic  characteristic,  and 
the  propagation  attenuation  coefficient  as  is  determined  from  the  gradient  ATT  of  the  attenuation  of  the 
interference  waveform. 

The  hardware  arrangement  therefor  may  be  the  same  as  shown  in  Fig.  7.  In  this  case,  however,  the 
attenuation  of  the  leaky  elastic  surface  wave  is  also  measured  by  the  processing  in  the  electronic  computer 

25  46.  A  description  will  be  given  of  the  procedure  for  measuring  the  velocity  Vs  and  attenuation  at  the  same 
time. 

(a)  The  V(Z)  curve  is  measured  in  the  same  manner  as  in  the  case  of  velocity  measurement 
(measurement  of  the  dip  interval  AZ),  and  the  resulting  V(Z)  curve  data  such,  for  example,  as  shown  in  Fig. 
12A  is  stored  in  the  waveform  memory  43  in  Fig.  7. 

30  (b)  The  V(Z)  curve  data  in  the  waveform  memory  43  is  input  into  the  electronic  computer  46,  wherein  its 
relative  level  on  the  ordinate  is  converted  from  a  decibel  scale  to  a  linear  scale  to  obtain  V(Z)  curve  data 
shown  in  Fig.  12B. 

(c)  The  reference  signal  curve  VR(Z)  is  synthesized  by  extraction  from  the  V(Z)  curve  data  through  using 
the  digital  filtering  techniques.  That  is,  the  V(Z)  curve  data  is  applied  to  a  digital  low-pass  filter  to  obtain  the 

35  reference  signal  curve  data  VR(Z)  shown  in  Fig.  12C.  The  VR(Z)  curve  data  may  also  be  obtained  by  applying 
analog  V(Z)  curve  data  to  an  analog  low-pass  filter.  Alternatively,  the  V(Z)  curve  data  is  subjected  to  the  FFT 
analysis  to  remove  its  high-frequency  spectral  component  and  the  remaining  low-frequency  spectral 
component  is  waveform-synthesized,  obtaining  the  VR(Z)  curve  data. 

(d)  The  reference  signal  curve  data  VR(Z)  is  subtracted  from  the  V(Z)  curve  data  to  extract  the 
40  interference  waveform  V,(Z),  as  shown  in  Fig.  12D. 

(e)  The  interference  waveform  V|(Z)  is  subjected  to  fast  Fourier  transform  to  obtain  its  peak  frequency 
fp. 

(f)  The  dip  interval  AZ  is  obtained  from  Eq.  (4)  through  using  the  peak  frequency  fp,  and  the  velocity  Vs 
of  the  leaky  elastic  surface  wave  is  obtained  from  Eq.  (3)  through  using  the  dip  interval  AZ. 

45  (g)  The  scale  of  the  interference  waveform  V,(Z)  on  the  ordinate  in  Fig.  12D  is  converted  into  a  common 
logarithm  to  obtain  such  interference  waveform  V,(Z)  as  shown  in  Fig.  12E.  The  attenuation  ATT  is  obtained 
from  the  gradient  of  a  line  53  joining  the  peaks  of  the  waveform  shown  in  Fig.  12E. 

(h)  The  normalized  propagation  attenuation  coefficient  as  of  the  sample  is  computed  from  Eqs.  (6)  and 
(7)  through  using  aM,  t(Z),  9s  and  f  which  are  preknown,  along  with  Vs  obtained  in  (f)  and  ATT  obtained  in 

so  (g). 
The  procedure  described  above  is  illustrated  in  Fig.  13. 
Figs.  14A  through  E  show  the  FFT  procedure  for  the  interference  waveform  V|(Z).  That  is,  the  V(Z)  curve 

shown  in  Fig.  14A  is  converted  to  a  linear  scale,  from  which  the  reference  signal  curve  VR(Z)  is  subtracted, 
providing  the  interference  waveform  V,(Z)  shown  in  Fig.  14B.  This  interference  waveform  V,(Z)  is  sampled 

55  at  a  distance  interval  AZs,  and  the  scale  on  the  abscissa  is  converted  from  distance  to  time,  obtaining  data 
in  the  time  domain  (Fig.  14C).  As  illustrated  in  Fig.  14D,  dummy  sample  points  are  added  to  both  sides  of  n 
measured  sample  points  to  increase  the  total  number  N  of  sample  points  in  the  time  domain,  thereby 
achieving  a  sufficiently  high  frequency  resolution  Af=1/AtN  with  less  number  of  actually  measured  sample 
points.  The  time  series  sample  data  shown  in  Fig.  14D  is  subjected  to  fast  Fourier  transform  to  obtain  a 

60  frequency  spectrum  which  has  a  peak  at  the  frequency  fp  corresponding  to  the  dip  interval  AZ  of  the  V(Z) 
curve,  as  shown  in  Fig.  14E.  In  the  case  where  a  plurality  of  leaky  elastic  wave  modes  are  involved,  peaks  of 
the  same  number  as  the  modes  appear. 

A  description  will  be  given  of  our  experiment  in  which  optically  polished  isotropic  fused  quartz  (SiO2) 
plate  was  used  as  the  sample  23.  As  the  liquid  sound  field  medium  21  water  was  used,  and  a  leaky  elastic 

65  surface  wave  was  measured  which  could  exist  and  propagate  on  the  boundary  between  the  water  and  the 

8 
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fused  quartz  sample  23.  The  experiment  was  conducted  at  an  ultrasonic  frequency  of  226.3  MHz,  using  an 
ultrasonic  line-focus  sapphire  lens  18  with  a  1.0  mm  curvature  radius.  Such  V(Z)  and  V,(Z)  curves  as  shown 
in  Figs.  12A  and  12D,  respectively,  were  obtained  in  accordance  with  the  aforementioned  measurement 
procedure,  and  the  V,(Z)  curve  shown  in  Fig.  12D  is  represented  on  the  common  logarithmic  scale,  as 

5  illustrated  in  Fig.  12E.  From  the  V,(Z)  curve  corresponding  to  Fig.  12D  was  obtained  the  dip  interval  AZ=33.1 

urn,  from  which  was  computed  a  leaky  elastic  surface  wave  velocity  Vs=3432  m/s.  Further,  an  attenuation 
ATT  of  103  dB/mm  was  measured  from  the  tilting  line  53  of  the  V,(Z)  curve  corresponding  to  Fig.  12E.  The 
normalized  propagation  attenuation  coefficient  as  was  determined  to  be  3.64x10  2,  using  Eqs.  (6)  and  (7) 
as  the  attenuation  coefficient  of  the  water  (au/f2=25.3x  10"17  neper  S2/cm  at  20°C).  In  this  experiment,  since 

to  absorption  attenuation  of  the  leaky  elastic  surface  wave  in  a  solid  and  scattering  attenuation  of  the  wave  on 
and  in  the  solid  are  negligibly  small  as  compared  with  the  attenuation  of  the  wave  by  acoustic  loading  of 
the  water  on  the  fused  quartz,  the  measured  attenuation  is  considered  to  correspond  to  the  attenuation  as 
by  the  acoustic  loading  effect.  The  following  table  1  shows  comparison  of  calculated  values  with  measured 
ones. 

75 
TABLE  1 

Velocity  Vs  Normalized  propagation  attenuation 
(m/s)  coefficient  as 

Measured  Calculated  Measured  Calculated 
3432  3430  3.64x10~2  3.82X10"2 

20 

25  The  measured  values  are  in  good  agreement  with  the  calculated  values,  with  differences  of  less  than 
0  1  %  for  the  velocity  and  less  than  5%  for  the  attenuation  coefficient. 

Another  experiment  was  conducted  in  which  a  (111)-Ge  plate  was  used  as  the  sample  23  and 
measurement  was  carried  out  at  an  ultrasonic  frequency  f  of  226.3  MHz.  The  total  number  of  sample  points 
N  for  the  FFT  analysis  was  8192,  the  V(Z)  curves  were  sampled  at  a  rate  of  about  20  points  per  dip  interval 

30  AZ,  and  the  velocities  Vs  and  the  normalized  propagation  attenuation  coefficients  as  were  measured  for  the 
leaky  elastic  surface  wave  and  the  leaky  pseudo-elastic  surface  wave  in  the  same  manner  as  described 
previously,  with  respect  to  their  propagation  directions.  The  measured  values  are  shown  as  white  circles  in 
Fig.  8.  In  Fig.  8,  the  curves  53  and  54  show  theoretical  values  of  the  normalized  propagation  attenuation 
coefficients  of  the  leaky  elastic  surface  wave  and  the  leaky  pseudo-elastic  surface  wave,  respectively.  It  is 

35  seen  that  the  measured  values  are  in  good  agreement  with  the  theoretical  values. 
While  in  the  above  the  reference  signal  curve  VR(Z)  is  obtained  first  and  then  it  is  subtracted  from  the 

V(Z)  curve  to  obtain  the  V,(Z)  curve,  it  is  also  possible  to  obtain  the  V,(Z)  curve  data  by  providing  the  V(Z) 
curve  data  to  a  high-pass  filter.  In  this  case,  there  is  the  possibility  of  the  peaks  of  the  V,(Z)  curve  lying 
somewhat  to  the  low-frequency  side.  In  the  case  of  obtaining  the  VR(Z)  curve  by  using  a  low-pass  filter,  it  is 

40  likely  that  the  peaks  near  the  focal  point  (Z=0)  are  rounded,  resulting  in  the  information  of  the  V,(Z)  curve 
near  the  focal  point  being  distorted.  Also  it  is  possible  to  employ,  as  the  reference  signal  curve  VR(Z),  the 
V(Z)  curve  measured  on  such  a  material  (the  sample  23)  that  a  leaky  elastic  wave  is  not  markedly  or  never 
excited  between  it  and  the  liquid  acoustic  field  medium  21  .  For  example,  in  the  case  where  water  is  used  as 
the  liquid  acoustic  field  medium  21  and  the  half  aperture  angle  9m  of  the  acoustic  lens  18  (Fig.  3)  is  60°,  the 

45  effective  aperture  angle  8e  is  52.953°,  and  at  20°C,  Vl=1483  m/s  and  p  (density)  =998.2  Kg/m  .  Thus,  in  the 
case  of  a  material  in  which  the  velocity  of  a  longitudinal  wave  is  lower  than  Vs=VI/sin  8e=1858.6  m/s,  the 
critical  angle  9c  (sin  8c=V,A/s)  becomes  larger  than  the  effective  aperture  angle  8e,  and,  therefore,  no  leaky 
elastic  wave  is  excited.  For  instance,  in  the  case  of  lead  (Pb),  Vs=1960  m/s  (p=1  1340  Kg/m3,  Z=22.4x106), 
and  the  leaky  elastic  wave  is  not  essentially  excited.  Accordingly,  the  reference  signal  curve  VR(Z)  can  be 

so  obtained  by  measuring  the  V(Z)  curve  for  lead  (Pb)  used  as  a  sample.  For  obtaining  the  reference  signal 
curve  VR(Z)  it  is  also  possible  to  use  vitreous  As2S3  with  Vs=2600  m/s  (p=3200  Kg/m3,  Z=8.32x10b), 
vitreous  As2Se3  with  Vs=2250  m/s  (p=4.64  Kg/m3,  Z=0.44),  Te  with  Vs=2.2x103  m/s,  Hg  with  Vs=1450  m/s, 
polyethylene,  polystyrene  and  so  forth.  It  is  also  possible  to  employ  selenium  or  polytetrafluorethylene  as 
the  reference  sample.  It  is  desirable  that  these  materials  be  very  low  in  the  longitudinal  wave  velocity  and 

55  have  specific  acoustic  impedances  close  to  that  of  the  sample  23  to  such  an  extent  that,  for  example,  the 
impedance  values  are  of  the  same  order  as  that  of  the  latter. 

For  obtaining  the  attenuation  ATT,  it  is  also  possible  to  employ  the  results  of  the  FFT  analysis  of  the 
V,(Z)  curve  data.  That  is,  Eq.  (6),  if  represented  in  the  time  domain,  becomes  as  follows: 

V,(Z)=C  •  exp(-aot)sin  (n.t+<J>)  (8) 60 

This  waveform  V,(Z)  is  subjected  to  FFT  analysis.  In  general,  the  spectral  distribution  of  a  waveform 
which  is  attenuated  much  spreads  as  compared  with  the  spectral  distribution  of  an  attenuation-free 
waveform.  The  waveform  represented  by  Eq.  (8)  is  subjected  to  the  FFT  analysis,  using  a  square  wave 

65  window  function  with  a  width  of  2t0.  Letting  the  magnitudes  of  the  spectra  at  the  frequencies  fp=r)/2n, 
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which  provides  maximal  value  of  spectra,  and  fs=(n+n/t0)/2n  be  represented  by  F(n.)  and  F(n.+n/t0), 
respectively,  the  attenuation  coefficient  a0  is  given  as  follows: 

ao=(n/to)|F(n±n/to)|/{|F(n)|2-|F(Ti±n/to)|2}1/2  (9) 
5 

Using  the  attenuation  coefficient  a0  and  a  conversion  coefficient  AZs/At=m  between  the  space  domain 
Z  and  the  time  domain  t,  y  of  Eq.  (7)  can  be  obtained  by  Eq.  (10)  for  various  values  of  Z. 

a0Z/m=2{aut(Z)+Y  •  Z  •  tan  9S} 
10 

Therefore, 
2aMt(Z)+a0Z/m 

Y= 
2Z  tan  9S 

15 
2aM(Z/cos  8s)+a0Z/m 

.  (10) 
2  tan  8S 

20  A  calculation  is  conducted  for  +  or  -  of  ±  in  the  right  side  of  Eq.  (9)  and  the  resulting  a0  is  substituted 
into  Eq.  (10)  to  obtain  y,  which  is  then  substituted  into  Eq.  (7)  to  obtain  the  normalized  propagation 
attenuation  coefficient  as. 

Next,  a  description  will  be  given,  with  reference  to  Fig.  15,  of  an  analysis  of  the  acoustic  characteristic 
through  using  the  above-described  method.  As  described  previously  in  connection  with  Fig.  7,  the  V(Z) 

25  curve  data  measured  for  the  sample  23  is  prestored  in  the  waveform  memory  43.  As  shown  in  Fig.  15,  when 
started  for  processing,  the  electronic  computer  46  reads  the  V(Z)  curve  data  from  the  waveform  memory  43 
in  step  Sn  and,  in  step  S2,  converts  the  V(Z)  curve  data  from  the  decibel  scale  to  the  linear  scale  to  obtain  the 
same  V(Z)  curve  data  as  shown  in  Fig.  12B.  In  step  S3  the  reference  signal  curve  data  VR(Z)  is  subtracted 
from  the  V(Z)  curve  data  converted  to  the  linear  scale,  obtaining  data  V,'(Z)  corresponding  to  that  shown  in 

30  Fig.  12D.  The  reference  signal  curve  data  VR(Z)  is  one  that  was  premeasured  for  lead  (Pb)  used  as  the 
sample  23  and  prestored  in  the  electronic  computer  46.  In  step  S4  the  data  V,'(Z)  is  subjected  to  digital 
filtering  to  take  out  a  low-frequency  component,  obtaining  such  data  AVR(Z),  for  example,  as  shown  in  Fig. 
12F.  In  step  S5  it  is  decided  whether  the  data  is  of  a  multimode  or  not.  This  is  carried  out  by  reading  a  mode 
preset  in  the  electronic  computer  46  from  the  outside  prior  to  the  decision.  Alternatively,  it  is  checked 

35  whether  the  waveform  of  V'|(Z)  is  a  composite  of  plural  waveforms  of  different  periodicities  and  if  so,  the 
data  is  decided  to  be  of  the  multimode.  When  it  is  decided  in  step  Ss  that  the  data  is  not  of  the  multimode, 
VI'(Z)-AVR(Z)=V,(Z)  is  calculated  in  step  S6.  In  step  S7  dummy  sample  points  are  added  to  the  data  V,(Z),  as 
described  previously  with  respect  to  Fig.  14D,  and  in  step  S8  the  data  is  subjected  to  the  FFT  analysis.  In 
step  S9  the  peak  frequency  fp  of  the  analyzed  spectrum  of  the  V|(Z)  curve,  the  magnitude  F(fp)  of  its 

40  spectrum  and  the  magnitudes  F(fp±n/t0)  of  the  spectrum  at  frequencies  (fp±n/t0)  are  obtained.  In  step  S10  Vs 
and  as  are  calculated  using  Eqs.  (3),  (4),  (7),  (9)  and  (10).  In  step  Sn  it  is  decided  whether  further 
determination  of  acoustic  properties,  i.e.,  velocities  and  attenuations  for  other  modes  should  be  made. 
Since  it  has  already  been  decided  to  be  single  mode  in  step  S5,  the  process  is  finished. 

When  it  is  decided  that  the  data  is  of  the  multimode  AVR(Z)  obtained  in  step  S4  is  DC  offset  in  step  S12 
45  so  that  an  integration  of  the  offset  filter  output  AVR(Z)  may  be  reduced  to  zero.  The  DC  offset  thus 

determined  is  applied  to  the  waveform  V',(Z). 
Then  the  process  proceeds  to  step  S7,  in  which  dummy  sample  points  are  added  to  the  offset 

waveform  V',(Z),  after  which  Vs  and  as  are  calculated  for  the  respective  modes  in  the  same  manner  as 
described  above.  These  calculated  values  would  suffice  to  a  certain  degree  of  accuracy  and  the 

50  computation  process  may  be  terminated  at  step  S1V  For  a  higher  accuracy  of  computation,  however,  the 
process  may  be  further  executed  by  repeating  steps  S6  —  Su  for  desired  ones  of  the  modes  using 
interference  waveforms  V,(Z)  computed  for  the  respective  modes  based  on  the  rough  peak  frequencies  of 
the  respective  modes  which  have  been  obtained  in  step  S9. 

It  is  also  possible  to  obtain  the  velocity  Vs  and  the  attenuation  as  solely  for  the  most  remarkable  one  of 
55  the  modes  that  is  required  for  characterization  of  the  material  to  be  measured.  As  such  modes,  there  are  a 

leaky  elastic  surface  wave,  a  leaky  pseudo-elastic  surface  wave  and  a  leaky  skimming  compressional  wave, 
as  referred  to  previously,  and  they  are  generically  called  the  leaky  elastic  wave. 

In  Fig.  7,  by  using  the  transmitter-receiver  16  of  the  type  emitting  an  ultrasonic  line-focus  beam  and 
providing  a  rotating  mechanism  for  turning  the  sample  holder  22  and  the  transmitter-receiver  16  about  the 

60  axis  (the  Z-axis)  of  the  line-focus  beam  relative  to  each  other,  it  is  possible  to  obtain  the  velocity  Vs  and  as, 
measuring  the  V(Z)  curve  data  in  the  same  manner  as  described  above  each  time  the  transmitter-receiver 
16  are  turned  through  a  certain  angle  relative  to  each  other.  The  measured  values  indicated  by  white  circles 
in  Fig.  8  were  obtained  in  this  way.  The  rotational  movement,  the  measurement  of  the  V(Z)  curve  and  the 
calculations  of  the  velocity  Vs  and  the  attenuation  coefficient  as  can  be  performed  entirely  automatically. 

65  Next,  a  description  will  be  given,  with  reference  to  Fig.  16,  of  a  system  which  has,  in  combination,  the 

10 
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quantitative  measuring  function  of  the  ultrasonic  microscope  described  in  the  foregoing  and  the 
conventional  acoustic  imaging  measurement  function.  In  Fig.  1  6,  the  parts  corresponding  to  those  in  Figs.  1 
and  7  are  identified  by  the  same  reference  numerals.  In  this  example,  the  electronic  computer  46  performs 
the  aforesaid  waveform  processing,  waveform  analysis  and  calculation  of  the  velocity  Vs  and  the 

5  attenuation  coefficient  as  and,  further,  controls  the  entire  system.  Accordingly,  the  Z-axis  drive  controller  34 

responds  to  a  command  from  the  electronic  computer  46  to  drive  the  Z-axis  driver  35.  The  V(Z)  data 
obtained  during  the  operation  of  the  driver  35,  is  input  into  the  waveform  memory  43  under  the  control  of 
the  electronic  computer  46,  too.  It  is  also  possible  to  make  such  an  arrangement  that  the  electronic 

computer  46  provides  only  a  first  start  command  for  the  V(Z)  measurement  to  the  Z-axis  drive  controller  34 

io  and  the  latter  operates  itself  to  control  driving  of  the  Z-axis  driver  35  and  store  the  data  into  the  waveform 

me"ln  this  example,  since  imaging  measurement  is  also  performed,  the  transmitter-receiver  16  is  replaced 
by  the  type  that  generates  the  ultrasonic  point-focus  beam  1  9.  Furthermore,  an  XY  driver  55  is  provided,  by 
which  in  this  example,  the  transmitter-receiver  16  can  be  moved  in  the  X-axis  direction  perpendicular  to 

is  the  center  axis  (the  Z-axis)  of  the  ultrasonic  beam  and  in  a  Y-axis  direction  perpendicular  to  the  X-axis  and 
the  Z-axis  direction,  permitting  two-dimensional  scanning  of  the  sample  23  by  the  ultrasonic  beam  19.  The 
XY  driver  55  is  placed  under  the  control  of  the  electronic  computer  46,  or  the  electronic  computer  46  applies 
only  a  start  command  to  the  XY  driver  55  to  cause  its  controller  to  control  the  transmitter-receiver  16  for 
two-dimensional  m o v e m e n t . .  

20  The  transmitter-receiver  16  is  moved  two-dimensionally,  and  at  the  same  time,  high-frequency  pulses 
are  delivered  from  the  high-frequency  pulse  generator  14  and  ultrasonic  pulses  are  applied  to  respective 
points  on  the  sample  23  in  the  two-dimensional  scanning.  The  reflected  waves  are  received  by  the 
transmitter-receiver  1  6  and  amplified  and  rectified  by  the  detector  circuit  31  .  The  reflection  signals  are  each 
stored  as  a  digital  signal  in  a  frame  memory  56  at  an  address  corresponding  to  each  two-dimensional 

25  scanning  point.  Upon  completion  of  the  two-dimensional  scanning  of  the  sample  23,  the  frame  memory  56 
is  read  in  synchronism  with,  for  instance,  the  scanning  of  a  horizontal-vertical  scanning  type  display  (for 
example  a  CRT  display)  57,  and  the  data  thus  read  out  are  supplied  as  display  signals  to  the  display  57.  In 

consequence,  a  spot  of  the  brightness  corresponding  to  the  reflected  wave  level  is  produced  on  the  screen 
of  the  display  57  at  the  position  corresponding  to  each  point  of  the  two-dimensional  scanning  of  the  sample 

30  23,  providing  a  display  of  an  ultrasonic  microscopic  image  of  the  sample  23  on  the  display  screen  as  a 

The  velocity  distribution  can  be  displayed  in  the  following  manner:  The  V(Z)  data  is  measured  for  each 

point  of  the  two-dimensional  scanning,  then  its  velocity  Vs  and  attenuation  coefficient  as  are  calculated, 
then  the  velocity  Vs  is  stored  in  the  frame  memory  58,  and  then  it  is  read  out  in  synchronism  with  the 

35  scanning  of  the  display  59  and  displayed  in  a  color  corresponding  to  the  velocity.  Similarly,  the  attenuation 
distribution  can  also  be  displayed.  It  is  also  possible  that  the  V(Z)  data  is  measured  only  for  one  or  more 
predetermined  representative  positions  in  the  two-dimensional  scanning,  or  for  one  or  more  positions 
designated  by  data  input  into  the  electronic  computer  46  from  the  outside,  as  required,  and  the  velocity  Vs 
and  attenuation  coefficient  as  are  calculated  and  displayed  in  color  or  in  the  form  of  numeric  values, 

40  superimposed  on  the  ultrasonic  microscopic  image  on  the  display  57,  or  displayed  on  another  display  59. 
Alternatively  the  contents  of  the  frame  memory  56  and  the  contents  of  the  frame  memory  58  may  also  be 

displayed  on  one  display  57  alternately  with  each  other.  In  this  way,  the  structural  and  acoustic 
characteristics  of  each  part  of  the  sample  23  can  be  observed  in  comparison. 

Also  it  is  possible  to  divide  the  two-dimensional  scanning  region  into  a  plurality  of  smaller  regions,  to 
45  average  for  each  region,  the  velocities  Vs  and  the  attenuation  coefficients  as  obtained  at  respective  points 

and  to  display  the  mean  values.  Such  averaging  processing  can  also  be  effected  in  the  following  manner: 
As  partly  shown  in  Fig.  17,  after  moving  the  transmitter-receiver  16  by  the  XY  driver  55  to  a  desired 

position,  a  small  vibration  signal  is  applied  to  a  superimposing  part  61  of  the  XY  driver  55  in  the  X-axis 
and/or  the  Y-axis  direction  from  an  oscillator  62  and  a  small  vibration  of  sufficiently  higher  velocity  than  the 

so  movement  in  the  Z-axis  direction  is  applied  to  the  transmitter-receiver  16,  by  which  is  obtained  a  reflected 

wave  averaged  in  each  segment  or  small  region  defined  by  the  amplitude  of  the  vibration,  and  the  V(Z) 
curve  data  is  also  averaged  in  the  segment  or  small  region  at  each  position  in  the  Z-axis  direction. 

Further  an  ultrasonic  point-focus  transmitter-receiver  and  an  ultrasonic  line-focus  beam  transmitter- 
receiver  may  be  combined  so  that  they  can  be  switched  over  from  one  to  the  other  by  such  means  as,  for 

55  example  an  objective  lens  switching  current  employed  in  an  optical  microscope.  For  acoustic  imaging 
measurement  only  the  point-focus  beam  transmitter-receiver  is  used,  and  for  quantitative  measurement 

'  either  one  of  the  line-focus  beam  transmitter-receiver  and  the  point-focus  beam  transmitter-receiver  can  be 
used  In  the  case  of  using  the  line-focus  beam,  there  can  be  obtained  the  V(Z)  curve  data  which  is  an 
average  of  the  acoustic  characteristics  at  the  respective  points  on  the  focused  beam  line  in  the  direction 

60  perpendicular  thereto.  Moreover,  by  slightly  oscillating  the  line-focus  beam  in  a  direction  perpendicular  to 
the  focused  line  at  a  speed  sufficiently  higher  than  that  of  the  movement  of  the  sample  in  the  Z-axis 
direction  it  is  possible  to  obtain  mean  V(Z)  curve  data  for  the  small  region  defined  by  the  amplitude  of  the 
oscillation  and  the  length  of  the  focused  line  of  the  beam.  In  the  case  of  using  the  point-focus  beam  for 

quantitative  measurement,  there  can  be  obtained  the  V(Z)  curve  data  which  is  an  average  of  the  acoustic 
65  characteristics  at  the  focused  point  in  all  the  directions  thereabout. 

15 
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In  the  above  explained  arrangement,  it  is  also  possible  to  provide  a  receiver  64  which  is  disposed 
opposite  the  transmitter-receiver  16  with  respect  to  the  sample  23  as  shown  in  Fig.  18  and  has  a  focal  point 
at  the  focal  point  of  the  transmitter-receiver  16  so  that  a  transmitted  wave  can  be  measured  instead  of  a 
reflected  wave.  In  the  case  of  conducting  imaging  measurement  the  transmitter-receiver  16  is  changed 

s  over  to  the  point-focus  type  and  used  as  a  transmitter.  The  sample  23  is  located  at  the  focal  points  of  the 
transmitter  16  and  the  receiver  64.  A  switch  65  is  turned  ON  and  an  ultrasonic  pulse  radiated  from  the 
transmitter-receiver  16  is  transmitted  through  the  sample  23,  the  transmitted  pulse  is  received  by  the 
receiver  64  and  an  electric  signal  of  the  received  output  is  provided  to  the  detector  circuit  31,  from  which 
measured  data  is  supplied  to  the  frame  memory  56,  as  described  previously  in  connection  with  Fig.  16.  In 

10  this  case,  the  sample  holder  63  is  moved  under  the  control  of  the  XY  driver  55.  By  the  transmitted  wave,  an 
ultrasonic  microscopic  image  is  obtained  on  the  display  57.  During  the  imaging  measurement  the  gate  27  is 
held  closed  by  the  control  of  the  electronic  computer  46;  namely,  it  receives  only  the  electric  signal  of  the 
transmitted  wave  from  the  receiver  64.  Further,  in  the  case  of  conducting  the  quantitative  measurement, 
either  the  point-focus  beam  or  the  line-focus  beam  is  selected  and  the  switch  65  is  turned  OFF.  The  sample 

15  holder  63  is  moved  in  the  Z-axis  direction  by  the  Z-axis  driver  35  and,  if  necessary,  in  XY  directions  by  the 
XY  driver  55  during  the  quantitative  measurement. 

Fig.  19  schematically  illustrates  an  example  of  the  construction  of  ultrasonic  microscope  apparatus 
equipped  with  the  imaging  measurement  function  and  the  quantitative  measurement  function.  A  chassis 
67  is  mounted  on  an  air-cushion  shock  absorber  (not  shown).  On  the  chassis  67  is  mounted  the  Z-axis 

20  driver  35,  which  is  adapted  so  that  its  moving  part  69  is  moved  up  and  down  by  the  control  or  a  step  motor 
68.  Mounted  on  the  moving  part  69  is  a  rotary  mechanism  71,  which  is  controlled  by  a  controller  72  to  turn 
its  rotary  part  71a  about  the  Z-axis.  By  the  rotary  mechanism  71,  the  velocity  Vs  and  the  attenuation 

.  coefficient  as  can  be  measured  for  the  direction  of  propagation  of  a  wave.  Mounted  on  the  rotary 
mechanism  71  is  a  goniometer  73,  on  which  is  mounted  the  sample  holder  22,  on  which,  in  turn,  is 

25  disposed  the  sample  23.  The  sample  23  is  fixedly  held,  as  required,  as  by  means  of  vacuum  suction.  On  the 
other  hand,  an  X-axis  driver  74  is  mounted  on  the  chassis  67  in  side-by-side  relation  to  the  Z-axis  driver  35 
and  has  its  moving  part  74a  adapted  to  be  moved  by  a  step  motor  75  along  the  X-axis.  Mounted  on  the 
moving  part  74a  is  a  Y-axis  driver  76,  the  moving  part  76a  of  which  is  moved  by  a  step  motor  (not  shown) 
along  the  Y-axis.  Mounted  on  the  moving  part  76a  is  a  goniometer  77,  on  which  a  support  arm  78  is  fixed  at 

30  one  end.  The  other  end  portion  of  the  support  arm  78  is  extended  over  the  sample  holder  22,  and  the 
transmitter-receiver  16  is  attached  to  the  underside  of  the  extended  portion  of  the  support  arm  78  and  is 
adjusted  so  that  its  focal  line  or  focal  point  may  lie  in  the  vicinity  of  the  sample  23.  A  cable  79  for  supplying 
high-frequency  pulses  to  the  transmitter-receiver  16  and  for  leading  out  the  reflected  wave  output  is  fixed 
at  one  end  to  the  support  arm  78.  The  goniometers  73  and  77  are  to  perform  such  control  that  during 

35  two-dimensional  scanning  its  scanning  plane  may  agree  with  the  surface  of  the  sample  23,  or  in  the  case  of 
using  the  line-focus  beam,  the  focused  line  of  the  beam  may  correctly  be  parallel  to  the  surface  of  the 
sample  23. 

Now,  a  description  will  be  given  of  our  experiments  of  the  imaging  measurement  and  the  quantitative 
measurement  conducted  on  Mn-Zn  ferrites  with  average  grain  sizes  of  8  urn  and  50  urn,  respectively.  The 

40  surfaces  of  the  ferrites  were  polished  to  such  an  extent  that  no  significant  variations  in  contrast  were 
observed  on  the  surfaces  by  an  optical  microscope.  The  acoustic  images  of  these  samples  were  observed 
by  using  a  440  MHz  point-focus  beam.  For  the  sample  with  the  average  grain  size  of  50  urn,  individual 
grains  10  to  100  Mm  in  size  and  their  boundaries  could  be  clearly  recognized.  For  the  sample  with  the 
average  grain  size  of  8  urn,  smaller  grains  down  to  several  urn  in  size  were  seen,  but  the  image  was  blurred. 

45  In  the  quantitative  measurement  for  the  samples  through  using  a  226.3  MHz  line-focus  beam  having  a 
focused  line  of  1  mm  length,  dips  in  the  V(Z)  curve  for  the  sample  with  the  average  grain  size  of  50  urn  were 
appreciably  shallow  as  compared  with  the  dips  in  the  V(Z)  curve  for  the  sample  with  the  average  grain  size 
of  8  urn.  The  velocity  Vs  and  the  attenuation  coefficient  as  for  the  sample  with  the  average  grain  size  of  8  urn 
were  3317  m/s  and  3.68x10~2,  respectively,  and  the  sample  with  the  average  grain  size  of  50  urn  showed  a 

50  velocity  Vs  of  3299  m/s  and  an  attenuation  coefficient  as  of  5.87x10~2.  The  attenuation  for  the  sample  with 
larger  grains  was  greater  than  that  for  the  sample  with  the  sm'aller  grains. 

While  in  the  foregoing  the  sample  holder  22  is  moved  in  the  Z-axis  direction,  the  transmitter-receiver 
16  may  also  be  moved  instead,  and  the  sample  holder  22  may  also  be  moved  in  the  X-axis  and  the  Y-axis 
direction  Further,  in  the  foregoing,  the  sample  23  is  moved  towards  the  transmitter-receiver  after  the  focal 

55  point  or  focal  line  was  brought  to  the  vicinity  of  the  sample,  but  they  may  also  be  moved  apart  from  the 
state  in  which  they  lie  close  to  each  other  to  the  state  in  which  the  sample  23  lies  on  the  focal  point  or  focal 
line.  The  liquid  acoustic  field  medium  21  may  be  replaced  with  a  high-pressure  gas.  Although  in  the 
foregoing  the  waveform  processing  and  the  waveform  analysis  are  carried  out  by  the  electronic  computer 
46,  it  is  also  possible  to  employ  processors  or  hardware  arrangements  for  the  exclusive  use  for  them, 

60  respectively.  Besides,  the  waveform  analysis  may  also  be  effected  directly  for  the  V(Z)  curve  data  without 
involving  the  waveform  processing. 

As  has  been  described  in  the  foregoing,  according  to  the  ultrasonic  microscope  system  of  the  present 
invention,  by  the  waveform  analysis  of  the  V(Z)  curve  data  for  a  sample  through  the  use  of  the  spectral 
analysis  techniques,  even  if  the  V(Z)  curve  contains  irregularities,  the  acoustic  characteristics,  i.e.  the 

65  velocity  Vs  and  the  attenuation  coefficient  as,  of  leaky  elastic  waves  can  correctly  be  measured.  In  addition, 
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bv  the  waveform  analysis,  the  both  characteristics  can  be  measured  from  one  V(Z)  curve  at  high  accuracy 
for  one  or  each  of  a  plurality  of  wave  propagation  modes.  Moreover,  the  provision  of  the  imaging 
measurement  function  in  combination  with  the  quantitative  measurement  function  permits  the  detection 

of,  for  example,  the  state  of  grains  of  a  sample  and  the  corresponding  acoustic  characteristics  thereof. 
5 

Claims 

1.  An  ultrasonic  microscope  apparatus  comprising:  . 
a  high-frequency  pulse  generator  (14)  for  generating  high-frequency  pulses  obtained  by  pulse- 

10  modulating  a  carrier  of  an  ultrasonic  frequency,  . . .  
a  duplexer  (15)  connected  to  the  high-frequency  pulse  generator,  for  separating  a  transmission  signal 

afld  â   LltrTsoni'c  transrriitter-receiver  (16)  connected  to  the  duplexer  and  supplied  with  the  high-frequency 

pulse,  for  radiating  an  ultrasonic  wave  of  the  ultrasonic  frequency  as  a  focused  ultrasonic  beam  and 
is  receiving  a  reflected  ultrasonic  wave,  . 

a  sample  holder  (22)  for  holding  a  sample  for  exposure  to  irradiation  by  the  focused  ultrasonic  beam 

from  the  ultrasonic  transmitter-receiver  via  an  acoustic  field  medium  (21). 
Z-axis  direction  moving  means  (34,  35)  for  moving  the  sample  holder  (22)  and  the  ultrasonic 

transmitter-receiver  (16)  relative  to  each  other  along  the  Z-axis  defined  by  the  ultrasonic  beam, 
20  a  detector  circuit  (31  )  connected  to  the  duplexer  (1  5),  said  circuit  being  arranged  to  amplify  and  rectify 

the  electric  signals  generated  in  the  transmitter-receiver  in  response  to  received  reflected  waves,  the 
rectified  signals  being  indicative  of  the  amplitudes  of  the  associated  reflected  waves, 

waveform  generating  means  (41-43)  arranged  to  provide  a  waveform  (V(Z))  representative  of  the 

envelope  of  the  rectified  signals  obtained  at  a  plurality  of  predetermined  distances  between  the  sample 
25  holder  and  the  transmitter-receiver  along  the  Z-axis,  said  envelope  waveform  comprising  a  plurality  of  dips 

spaced  at  an  interval  related  to  the  velocity  of  a  leaky  elastic  wave  excited  in  the  sample  at  the  boundary  to 

the  acoustic  field  medium  upon  exposure  of  the  sample  to  said  irradiation,  characterized  by 
waveform  analysing  means  (46)  arranged  to  subject  the  envelope  waveform  to  a  spectrum  analysis, 

30  
aP  

evaluation  means  (46)  arranged  to  determine  the  dip  interval  of  the  envelope  waveform  (V(Z))  from  the 

frequencies  of  the  spectral  components  obtained  by  the  spectrum  analysis. 
2  An  ultrasonic  microscope  apparatus  according  to  claim  1  wherein  the  waveform  analyzing  means 

(46)  includes  waveform-processing  means  for  subtracting  from  the  envelope  waveform  (V(Z))  a  reference 

siqnal  (VR(Z))  in  order  to  obtain  an  interference  waveform  (V,(Z)),  the  reference  signal  (VR(Z))  being  selected 
35  to  represent,  at  each  of  the  predetermined  distances  between  the  sample  holder  and  the  transmitter- 

receiver  along  the  Z-axis,  the  level  of  the  envelope  waveform  in  the  absence  of  any  leaky  elastic  waves,  said 

waveform  analyzing  means  (46)  being  arranged  to  subject  the  interference  waveform  (V,(Z))  to  said 

spectrum  analysis,  and  . . .  
the  evaluation  means  (46)  being  arranged  to  determine,  based  on  the  spectrum  analysis,  the  dip 

40  interval  of  said  interference  waveform  (V,(Z)). 
3  An  apparatus  according  to  claim  2,  wherein  the  evaluation  means  (46)  comprises  means  for 

calculating  the  velocity  (Vs)  of  the  leaky  elastic  wave  in  the  sample  from  the  dip  interval  of  the  interference 
waveform  (V,(Z))  and  attenuation  calculating  means  for  obtaining  the  propagation  attenuation  coefficient 

(as)  of  the  leaky  elastic  wave  from  the  Z-axis  gradient  of  the  amplitudes  of  the  interference  waveform 

(V'  Z4  An  apparatus  according  to  claim  2  or  3,  wherein  the  waveform-processing  means  includes  low-pass 
filter  means  which  is  supplied  with  the  envelope  waveform  (V(Z))  and  produces  the  reference  signal  (VR(Z)). 

5  An  apparatus  according  to  claim  4,  wherein  the  low-pass  filter  means  is  a  digital  filter. 
6  An  apparatus  according  to  claim  2  or  3,  including  means  for  obtaining,  as  the  reference  signal 

so  (VR(Z))  the  envelope  waveform  (V(Z)),  using,  as  the  sample,  a  material  for  which  a  leaky  elastic  wave  is  not 
remarkable  or  never  excited  between  the  acoustic  field  medium  (21)  and  the  sample. 

7  An  apparatus  according  to  claim  2  or  3,  including  means  for  subjecting  the  envelope  waveform  (V(Z)) 
to  a  fast  Fourier  transform  to  obtain  a  spectrum,  removing  therefrom  a  high-frequency  component  and 
waveform  synthesizing  the  remaining  low-frequency  component  to  obtain  the  reference  signal  (VR(Z)). 

55  8  An  apparatus  according  to  claim  2  or  3,  wherein  the  waveform-processing  means  is  a  high-pass  or 
band-pass  filter  supplied  with  the  envelope  waveform  (V(Z))  to  extract  therefrom  the  interference 

^ ^ A T a p ^ ' a m t u s   according  to  claim  3,  wherein  the  attenuation  calculating  means  (46)  comprises  means 

for  obtaining  the  attenuation  from  the  slope  of  a  line  joining  peaks  of  the  interference  waveform  (V,(Z))  on  a 
60  logarithmic  s c a l e . ^   according  tQ  c|ajm  ^  wherejn  the  eva|uation  means  (46)  includes  means  for 

calculating  the  velocity  (Vs)  of  the  leaky  elastic  wave  component  in  the  sample  from  the  dip  interval  of  the 

interference  waveform  (V,(Z)),  the  attenuation  calculating  means  (46)  comprising  means  for  obtaining  the 

slope  of  a  line  joining  peaks  of  the  interference  waveform  (V,(Z))  on  a  logarithmic  scale  and  means  for 

65  deriving  the  propagation  attenuation  coefficient  (as)  of  the  leaky  elastic  wave  from  the  gradient,  the 
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velocity,  the  attenuation  coefficient  (aj  of  the  acoustic  field  medium,  the  critical  angle  (9S)  of  the  leaky 
elastic  wave  and  the  ultrasonic  frequency  used. 

11.  An  apparatus  according  to  claim  3,  wherein  the  attenuation  calculating  means  (46)  comprises 
means  for  subjecting  the  interference  waveform  (V|(Z))  to  a  fast  Fourier  transform  to  obtain  its  spectrum, 

5  means  for  obtaining  a  spectrum  attenuation  coefficient  (a0)  from  the  maximum  level  of  the  spectrum  and 
the  spectrum  level  at  a  frequency  spaced  1/(2t0)  apart  from  the  frequency  (fp)  of  the  maximum  value  level 
where  2to  is  the  width  of  a  square  wave  window  function  of  the  fast  Fourier  transform,  and  means  for 
calculating  the  propagation  attenuation  coefficient  (a.)  of  the  leaky  elastic  wave  from  its  velocity  (Vs),  the 
said  spectrum  attenuation  coefficient  (a0),  the  attenuation  coefficient  (au)  of  the  acoustic  field  medium,  the 

w  critical  angle  (8S)  of  the  leaky  elastic  wave  and  the  ultrasonic  frequency  (f)  used. 
12.  An  apparatus  according  to  claim  1  1  ,  wherein  the  waveform  processing  means  comprises  means  for 

applying  to  a  low-pass  filter  the  remainder  (  V',(Z))  obtained  by  subtracting  the  reference  signal  (VR(Z))  from 
the  envelope  waveform  (V(Z))  and  subtracting  the  output  (AVR(Z))  of  the  low-pass  filter  from  the  remainder 
(V'|(Z))  to  determine  the  interference  waveform  (V,(Z)). 

is  13.  An  apparatus  according  to  claim  11  or  12,  wherein  the  waveform  processing  means  includes  means 
for  applying  to  a  low-pass  filter  the  remainder  (V',(Z))  obtained  by  subtracting  the  reference  signal  (VR(Z» 
from  the  envelope  waveform  (V(Z)),  applying  a  DC  offset  to  the  filter  output  (AVR(Z))  so  that  the  integral  of 
the  offset  filter  output  becomes  substantially  zero,  wherein  the  waveform  analyzing  means  (46)  includes 
means  for  applying  the  said  DC  offset  to  the  remainder  (V',(Z))  and  then  subjecting  the  offset  remainder  to  a 

20  fast  Fourier  transform  to  obtain  its  spectrum,  and  wherein  the  attenuation  calculating  means  includes 
means  for  calculating  the  spectrum  attenuation  coefficients  (ao)  from  the  levels  of  the  respective  peak 
frequencies  (fp)  corresponding  to  respective  modes  of  the  leaky  elastic  waves  in  the  spectrum  of  the  DC 
offset  remainder  (V',(Z))  and  the  levels  of  frequencies  spaced  1/(2t0)  apart  from  the  peak  frequencies  (fp)  in 
the  spectrum  and  means  for  calculating  the  propagation  attenuation  coefficients  (as)  of  the  respective  leaky 

25  elastic  waves  from  the  spectrum  attenuation  coefficients  (ao),  the  velocities  (Vs)  of  the  respective  leaky 
elastic  waves,  the  attenuation  coefficients  (aj  of  the  acoustic  field  medium,  the  critical  angle  (8S)  of  the 
respective  leaky  elastic  waves  and  the  ultrasonic  frequency  (f)  used. 

14.  An  apparatus  according  to  claim  1,  wherein  the  waveform  analyzing  means  (46)  comprises  means 
for  subjecting  the  envelope  waveform  (V(Z))  to  a  fast  Fourier  transform. 

30  15.  An  apparatus  according  to  any  of  claims  2  to  13,  wherein  the  waveform  analyzing  means  (46) 
comprises  means  for  subjecting  the  interference  waveform  (V,(Z))  to  a  fast  Fourier  transform. 

16.  An  apparatus  according  to  claim  15,  wherein  the  fast  Fourier  transform  is  performed,  with  dummy 
sample  points  disposed  before  and  after  the  sample  points  of  the  interference  waveform  (V|(Z)). 

17.  An  apparatus  according  to  claim  14,  wherein  the  fast  Fourier  transform  is  performed,  with  dummy 
35  sample  points  disposed  before  and  after  the  sample  points  of  the  envelope  waveform  (V(Z)). 

18.  An  apparatus  according  to  any  one  of  claims  1  to  17,  wherein  the  ultrasonic  transmitter-receiver 
(16)  produces  an  ultrasonic  point-focus  beam. 

19.  An  apparatus  according  to  any  one  of  claims  1  to  17,  wherein  the  ultrasonic  transmitter-receiver 
(16)  produces  an  ultrasonic  line-focus  beam. 

4o  20.  An  apparatus  according  to  claim  19,  including  rotating  means  for  rotating  the  ultrasonic 
transmitter-receiver  (16)  and  the  sample  holder  (22)  relative  to  each  other  about  the  axis  of  the  ultrasonic 
beam. 

21.  An  apparatus  according  to  any  one  of  claims  1  to  17,  wherein  said  waveform  generating  means 
includes  a  holding  circuit  (41  )  connected  to  the  detector  circuit  (31  ),  for  holding  the  level  of  its  output  signal, 

45  and  a  waveform  memory  (43)  for  storing  the  output  of  the  holding  circuit  (41)  after  each  relative  movement 
of  the  sample  holder  (22)  and  the  ultrasonic  transmitter-receiver  (16)  for  a  fixed  distance  by  the  Z-axis 
direction  moving  means  (34,  35),  the  waveform  memory  (43)  being  read  out  for  the  waveform  analysis 
and/or  the  waveform  processing. 

22.  An  apparatus  according  to  any  one  of  claims  1  to  21,  including  means  (52)  for  measuring  the 
so  temperature  of  the  acoustic  field  medium  (21),  and  means  for  correcting  the  velocity  in  the  acoustic  field 

medium. 
23.  An  apparatus  according  to  any  one  of  claims  1  to  22,  including  XY  moving  means  (55)  for  moving 

the  sample  holder  (22)  and  the  ultrasonic  transmitter-receiver  (16)  relative  to  each  other  in  a  plane 
perpendicular  to  the  axis  of  the  ultrasonic  beam  to  scan  the  sample  two-dimensionally,  and  display  means 

55  (56—  57)  for  providing  an  image  display  of  the  magnitude  of  the  level  of  tne  amplified-rectified  output 
corresponding  to  each  position  of  the  two-dimensional  scanning  of  the  sample. 

24.  An  apparatus  according  to  claim  23,  wherein  the  dip  interval  of  the  interference  waveform  (V,(Z)) 
and/or  the  attenuation  are  obtained  for  one  or  more  positions  in  the  two-dimensional  scanning  of  the 
sample. 

so  25.  An  apparatus  according  to  claim  23,  wherein  the  ultrasonic  transmitter-receiver  (16)  produces  an 
ultrasonic  point-focus  beam,  and  which  includes  oscillating  means  (61,  62)  for  oscillating  the  ultrasonic 
transmitter-receiver  (16)  and  the  sample  holder  (22)  relative  to  each  other  in  the  plane  of  the 
two-dimensional  scanning  along  an  axis  and/or  another  axis  perpendicular  thereto  at  a  speed  sufficiently 
higher  than  the  speed  of  the  movement  by  the  Z-axis  direction  moving  means  (34,  35). 

65  26.  An  apparatus  according  to  claim  23,  wherein  the  ultrasonic  transmitter-receiver  (16)  produces  an 
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ultrasonic  line-focus  beam,  and  which  includes  oscillating  means  (61,  62)  for  oscillating  the  ultrasonic 
transmitter-receiver  (16)  and  the  sample  holder  (22)  relative  to  each  other  in  the  plane  of  the 
two-dimensional  scanning  in  a  direction  perpendicular  to  the  focused  line  of  the  ultrasonic  line-focus  beam 
at  a  speed  sufficiently  higher  than  the  speed  of  the  movement  by  the  Z-axis  direction  moving  means  (34, 

*  35). 

Patentanspriiche 

1.  Ultraschallmikroskopvorrichtung  umfassend: 
io  einen  Hochfrequenzimpulsgenerator  (14)  zur  Erzeugung  hochfrequenter  Impulse,  die  durch  Impuls- 

modulation  eines  Tragers  einer  Ultraschallfrequenz  gewonnen  werden, 
einen  an  den  Hochfrequenzimpulsgenerator  angeschlossenen  Duplexer  (15)  zur  Trennung  eines 

Sendesignals  und  eines  Empfangsignals, 
einen  Ultraschailsender-Empfanger  (16),  der  an  den  Duplexer  angeschlossen  ist  und  mit  den 

15  hochfrequenten  Impulsen  beaufschlagt  wird,  urn  eine  Ultraschallweile  der  Ultraschallfrequenz  als 
fokussierten  Ultraschallstrahl  abzustrahlen  und  eine  reflektierte  Ultraschallweile  zu  empfangen, 

einen  Probenhaiter  (22)  zum  Halten  einer  Probe,  die  der  Strahlung  durch  den  fokussierten 
Ultraschallstrahl  von  dem  Ultraschailsender-Empfanger  iiber  ein  akustisches  Feld-medium  (21) 
auszusetzen  ist, 

20  eine  Z-Achsenbewegungseinrichtung  (34,  35)  zum  Bewegen  des  Probenhalters  (22)  und  des 
Ultraschallsender-Empfangers  (16)  relativ  zueinander  langs  der  durch  den  Ultraschallstrahl  definierten 
Z"Achs6 

eine  Detektorschaltung  (31),  die  an  den  Duplexer  (15)  angeschlossen  ist  und  ausgebildet  ist,  die 
elektrischen  Signale  zu  verstarken  und  gleichzurichten,  die  in  dem  Sender-Empfanger  als  Antwort  auf  die 

25  empfangenen  reflektierten  Wellen  erzeugt  werden,  wobei  die  gleichgerichteten  Signale  fur  die  Amplituden 
der  zugehorigen  reflektierten  Wellen  kennzeichnend  sind, 

eine  Wellenformgeneratoreinrichtung  (41—43),  die  dazu  ausgebildet  ist,  eine  Wellenform  (V(Z))  zu 
liefern,  die  die  Hiillkurve  der  gleichgerichteten  Signale  reprasentiert,  die  bei  einer  Vielzahl  verschiedener 
Abstande  zwischen  dem  Probenhaiter  und  dem  Sender-Empfanger  langs  der  Z-Achse  erhalten  werden, 

30  wobei  die  Hullkurven-Wellenform  eine  Vielzahl  von  Senken  aufweist,  die  voneinander  einen  Abstand 
aufweisen,  der  zur  Geschwindigkeit  einer  elastischen  Leckwelle  in  Beziehung  steht,  die  in  der  Probe  an  der 
Grenze  zum  akustischen  Feldmedium  aufgrund  der  Bestrahlung  der  Probe  angeregt  wird,  gekennzeichnet 
durch 

eine  Wellenformanalysiereinrichtung  (46),  die  so  ausgebildet  ist,  dalS  sie  die  Hullkurven-Wellenform 
35  einer  Spektrumanalyse  unterzieht,  und 

eine  Bewertungseinrichtung  (46),  die  so  ausgebildet  ist,  dalS  sie  den  Senkenabstand  der  Hullkurven- 
Wellenform  (V(Z))  aus  den  Frequenzen  der  Spektralkomponenten,  die  durch  die  Spektrumanalyse  erhalten 
werden,  b e s t i m m t . . . .  

2.  Ultraschallmikroskopvorrichtung  nach  Anspruch  1,  bei  der  die  Wellenformanalysiereinrichtung  (46) 
40  eine  Wellenformverarbeitungseinrichtung  zur  Subtraktion  eines  Bezugssignals  (VR(Z))  von  der  Hullkurven- 

Wellenform  (V(Z))  aufweist,  um  eine  Interferenzwellenform  (V,(Z))  zu  erhalten,  wobei  das  Bezugssignal 
(VR(Z))  so  ausgewahlt  ist,  dafS  es  bei  jedem  der  vorbestimmten  Abstande  zwischen  dem  Probenhaiter  und 
dem  Sender-Empfanger  langs  der  Z-Achse  den  Pegel  der  Hullkurven-Wellenform  in  Abwesenheit  jeglicher 
elastischer  Leckwelle  reprasentiert,  wobei  die  Wellenformanalysiereinrichtung  (46)  so  ausgebildet  ist,.dafc 

45  sie  die  Interferenzwellenform  (V,(Z))  der  Spektrumanalyse  unterwirft,  und 
die  Bewertungseinrichtung  (46)  so  ausgebildet  ist,  daS  sie  auf  der  Basis  der  Spektrumanaiyse  den 

Senkenabstand  aus  der  Interferenzwellenform  (V,(Z))  bestimmt. 
3.  Vorrichtung  nach  Anspruch  2,  bei  der  die  Bewertungseinrichtung  (46)  eine  Einrichtung  zur 

Errechnung  der  Geschwindigkeit  (Vs)  der  elastischen  Leckwelle  in  der  Probe  aus  dem  Senkenabstand  der 
50  Interferenzwellenform  (V,(Z))  und  eine  Dampfungsberechnungseinrichtung  zur  Gewinnung  des 

Fortpflanzungsdampfungskoeffizienten  (as)  der  elastischen  Leckwelle  aus  dem  Z-Achsengradienten  der 
Amplituden  der  Interferenzwellenform  (V,(Z))  aufweist. 

4.  Vorrichtung  nach  Anspruch  2  oder  3,  bei  der  die  Wellenformverarbeitungseinrichtung  eine 
Tiefpassfilteranordnung  enthalt,  der  die  Hullkurven-Wellenform  (V(Z))  eingespeist  wird  und  die  das 

55  Bezugssignal  (VR(Z»  erzeugt. 
5.  Vorrichtung  nach  Anspruch  4,  bei  der  die  Tiefpassfilteranordnung  ein  digitales  Filter  ist. 
6.  Vorrichtung  nach  Anspruch  2  oder  3,  die  eine  Einrichtung  enthalt  zur  Gewinnung  der 

Hullkurven-Wellenform  (V(Z))  als  Bezugssignal,  wobei  als  Probe  ein  Material  verwendet  wird,  bei  dem  eine 
elastische  Leckwelle  zwischen  dem  akustischen  Feldmedium  (21)  und  der  Probe  nie  oder  nicht  merklich 

60  angeregt  wird. 
7.  Vorrichtung  nach  Anspruch  2  oder  3,  die  eine  Einrichtung  enthalt,  welche  die  Hullkurven-Wellenform 

(V(Z))  einer  schnellen  Fouriertransformation  unterzieht,  um  ein  Spektrum  zu  erhalten,  von  diesem  eine 
hochfrequente  Komponente  entfernt  und  zum  Erhalt  des  Bezugssignals  (VR(Z))  die  verbleibende 
niederfrequente  Komponente  zu  einer  Wellenform  synthetisiert. 

65  8.  Vorrichtung  nach  Anspruch  2  oder  3,  bei  der  die  Wellenformverarbeitungseinrichtung  ein  Hochpass- 
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oder  Bandpassfilter  ist,  das  mit  der  Hullkurven-Wellenform  (V(Z))  beliefert  wird,  um  von  diesem  die 
Interferenz-Wellenform  (V,(Z))  zu  extrahieren. 

9.  Vorrichtung  nach  Anspruch  3,  bei  der  die  Dampfungsberechnungseinrichtung  (46)  eine  Einrichtung 
enthait,  die  die  Dampfung  aus  der  Neigung  einer  Linie  ermittelt,  welche  die  Spitzen  der  Interferenz- 

5  Wellenform  (V,(Z))  in  einem  logarithmischen  MalSstab  verbindet. 
10.  Vorrichtung  nach  Anspruch  2,  bei  der  die  Bewertungseinrichtung  (46)  eine  Einrichtung  zur 

Errechnung  der  Geschwindigkeit  (Vs)  der  elastischen  Leckwellenkomponente  in  der  Probe  aus  dem 
Senkenabstand  der  Interferenz-Wellenform  (V,(Z))  enthait,  wahrend,  die  Dampfungs- 
berechnungseinrichtung  (46)  eine  Einrichtung  zur  Gewinnung  der  Neigung  einer  die  Spitzen  der 

10  Interferenz-Wellenform  (V,(Z))  in  einem  logarithmischen  MaGstab  verbindenden  Linie  sowie  eine 
Einrichtung  zur  Ableitung  des  Fortpflanzungsdampfungskoeffizienten  (as)  der  elastischen  Leckwelle  aus 
der  Neigung,  der  Geschwindigkeit,  dem  Dampfungskoeffizienten  (aj  des  akustischen  Feldmediums,  dem 
kritischen  Winkel  (9S)  der  elastischen  Leckwelle  und  der  verwendeten  Ultraschallfrequenz  aufweist. 

11.  Vorrichtung  nach  Anspruch  3,  bei  der  die  Dampfungsbereichnungseinrichtung  (46)  umfalSt:  eine 
15  Einrichtung,  die  die  Interferenz-Wellenform  (V,(Z))  einer  schnellen  Fouriertransformation  unterzieht,  um  ihr 

Spektrum  zu  erhalten,  eine  Einrichtung  zum  Erhalt  eines  Spektrumdampfungskoeffizienten  (a0)  aus  dem 
maximalen  Pegel  des  Spektrums  und  dem  Spektrumpegel  bei  einer  Frequenz,  die  von  der  Frequenz  (fp)  des 
maximalen  Pegelwertes  um  1/(2t0)  entfernt  ist,  wobei  2t0  die  Breite  einer  Rechteckwellenfensterfunktion  der 
schnellen  Fouriertransformation  ist,  und  eine  Einrichtung  zur  Errechnung  des 

20  Fortpflanzungsdampfungskoeffizienten  (as)  der  elastischen  Leckwelle  aus  ihrer  Geschwindigkeit  (Vs),  dem 
Spektrumdampfungskoeffizienten  (a0),  dem  Dampfungskoeffizienten  (aj  des  akustischen  Feldmediums, 
dem  kritischen  Winkel  (0S)  der  elastischen  Leckwelle  und  der  verwendeten  Ultraschailfrequenz  (f). 

12.  Vorrichtung  nach  Anspruch  11,  bei  der  die  Wellenformverarbeitungseinrichtung  eine  Einrichtung 
enthait,  die  an  ein  Tiefpassfilter  den  Rest  (V',(Z))  von  der  Subtraktion  des  Bezugssignals  (VR(Z))  von  der 

25  Hullkurven-Wellenform  (V(Z))  anlegt  und  das  Ausgangssignal  (AVR(Z))  des  Tiefpassfilters  von  dem  Rest 
(V',)Z))  subtrahiert,  um  die  Interferenz-Wellenform  (V,(Z))  zu  bestimmen. 

13.  Vorrichtung  nach  Anspruch  11  oder  12,  bei  der  die  Wellenformverarbeitungseinrichtung  eine 
Einrichtung  enthait,  die  an  ein  Tiefpassfilter  den  Rest  (V',(Z))  einer  Subtraktion  des  Bezugssignal  (VR(Z))  von 
der  Hullkurven-Wellenform  (V(Z))  anlegt,  dem  Ausgangssignal  des  Filters  (AVR(Z))  ein 

30  Gleichstromkompensationssignal  uberlagert  derart,  dalS  das  Integral  des  tiberlagerten 
Filterausgangssignals  im  wesentlichen  Null  wird,  wobei  die  Wellenformanalysiereinrichtung  (46)  eine 
Einrichtung  enthait,  die  das  Gleichstromkompensationssignal  dem  Rest  (V',(Z))  uberlagert  und  den 
iiberiagerten  Rest  dann  einer  schnellen  Fouriertransformation  unterzieht,  um  sein  Spektrum  zu  erhalten, 
und  wobei  die  Dampfungsberechnungseinrichtung  eine  Einrichtung  enthait,  die  die  Spektrumdampfungs- 

35  koeffizienten  (a0)  aus  den  Werten  der  jeweiligen  Spitzenfrequenzen  (fp)  errechnet,  die  den  jeweiligen 
Moden  der  elastischen  Leckwelle  im  Spektrum  des  gleichstromkompensierten  Restes  (V'|(Z))  und  den 
Werten  der  von  den  Spitzenfrequenzen  (fp)  im  Spektrum  um  1/(2t0)  versetzten  Frequenzen  entsprechen, 
sowie  eine  Einrichtung  zur  Errechnung  der  Fortpflanzungsdampfungskoeffizienten  (as)  der  jeweiligen 
elastischen  Leckwellen  aus  den  Spektrumdampfungskoeffizienten  (a0),  den  Geschwindigkeiten  (Vs)  der 

40  jeweiligen  elastischen  Leckwellen,  den  Dampfungskoeffizienten  (aj  des  akustischen  Feldmediums,  dem 
kritischen  Winkel  (9S)  der  jeweiligen  elastischen  Leckwellen  und  der  verwendeten  Ultraschallfrequenz  (f). 

14.  Vorrichtung  nach  Anspruch  1,  bei  der  die  Wellenformanalysiereinrichtung  (46)  eine  Einrichtung 
enthait,  die  die  Hullkurven-Wellenform  (V(Z))  einer  schnellen  Fouriertransformation  unterzieht. 

15.  Vorrichtung  nach  einem  der  Anspruche  2  bis  13,  bei  der  die  Wellenformanalysiereinrichtung  eine 
45  Einrichtung  enthait,  die  die  Interferenzwellenform  (V,(Z))  einer  schnellen  Fouriertransformation  unterzieht. 

16.  Vorrichtung  nach  Anspruch  15,  bei  der  die  schnelle  Fouriertransformation  unter  Anordnung  von 
Blindabtastwerten  vor  und  hinter  den  Abtastpunkten  der  Interferenzwellenform  (V,(Z))  ausgefiihrt  wird. 

17.  Vorrichtung  nach  Anspruch  14,  bei  der  die  schnelle  Fouriertransformation  unter  Anordnung  von 
Blindabtastwerten  vor  und  hinter  den  Abtastpunkten  der  Hullkurven-Wellenform  (V(Z))  ausgefuhrt  wird. 

50  18.  Vorrichtung  nach  einem  der  Anspruche  1  bis  17,  bei  der  der  Ultraschailsender-Empfanger  (16) 
einen  punktfokussierten  Ultraschallstrahl  erzeugt." 

19.  Vorrichtung  nach  einem  der  Anspruche  1  bis  17,  bei  der  der  Ultraschailsender-Empfanger  (16) 
einen  linienfokussierten  Ultraschallstrahl  erzeugt. 

20.  Vorrichtung  nach  Anspruch  19,  die  eine  Rotationseinrichtung  zum  Drehen  von  Ultraschallsender- 
55  Empfanger  (16)  und  Probenhalter  (22)  relativ  zueinander  um  die  Achse  des  Ultraschallstrahls  aufweist. 

21.  Vorrichtung  nach  einem  der  Anspruche  1  bis  17,  bei  der  die  Wellenformerzeugungseinrichtung  eine 
Halteschaltung  (41),  die  an  die  Detektorschaltung  (31)  angeschlossen  ist,  um  den  Wert  von  dessen 
Ausgangssignal  zu  halten,  sowie  einen  Wellenformspeicher  (43)  zur  Speicherung  des  Ausgangssignals  der 
Halteschaltung  (41)  nach  jeder  Relativbewegung  von  Probenhalter  (22)  und  Ultraschailsender-Empfanger 

bo  (16)  um  einen  festen  Abstand  durch  die  Z-Achsenbewegungseinrichtung  (34,  35)  aufweist,  wobei  der 
Wellenformspeicher  (43)  fur  die  Wellenformanaiyse  und/oder  die  Wellenformverarbeitung  ausgelesen 
wird. 

22.  Vorrichtung  nach  einem  der  Anspruche  1  bis  21,  die  eine  Einrichtung  (52)  zur  Messung  der 
Temperatur  des  akustischen  Feldmediums  (21)  und  eine  Einrichtung  zur  Korrektur  der  Geschwindigkeit  im 

65  akustischen  Feldmedium  enthait. 
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23.  Vorrichtung  nach  einem  der  Anspruche  1  bis  22,  die  eine  XY-Bewegungseinrichtung  (55)  enthalt, 
urn  den  Probenhalter  (22)  und  den  Ultraschallsender-Empfanger  (16)  relativ  zueinander  in  einer  Ebene 
senkrecht  zur  Achse  des  Ultraschallstrahls  zu  bewegen  und  die  Probe  zweidimensional  abzutasten,  sowie 
eine  Anzeigeeinrichtung  (56—57)  zur  Lieferung  einer  Bildwiedergabe  der  GroBe  des  Weils  des 

5  verstarkt-gleichgerichteten  Ausgangssignals  entsprechend  jeder  einzelnen  Position  der 
zweidimensionalen  Abtastung  der  Probe. 

24.  Vorrichtung  nach  Anspruch  23,  bei  der  der  Senkenabstand  der  lnterferenz-Wellenform  (V,(Z)) 
und/oder  die  Dampfung  fur  eine  oder  mehrere  Positionen  der  zweidimensionalen  Abtastung  der  Probe 
erhalten  werden. 

10  25.  Vorrichtung  nach  Anspruch  23,  bei  der  der  Ultraschallsender-Empfanger  einen  punktfokussierten 
Ultraschallstrahl  erzeugt,  und  die  eine  Oszillatoreinrichtung  (61,  62)  enthalt  zum  Oszillieren  des 
Ultraschallsender-Empfangers  (16)  und  des  Probenhalters  (22)  relativ  zueinander  in  der  Ebene  der 
zweidimensionalen  Abtastung  langs  einer  Achse  und/oder  einer  anderen,  dazu  senkrechten  Achse  mit 
einer  Geschwindigkeit,  die  ausreichend  hoher  ist  als  die  Geschwindigkeit  der  Bewegung  durch  die 

is  Z-Achsenbewegungseinrichtung  (34,  35). 
26.  Vorrichtung  nach  Anspruch  23,  bei  der  der  Ultraschallsender-Empfanger  (16)  einen 

linienfokussierten  Ultraschallstrahl  erzeugt,  und  die  eine  Oszilliereinrichtung  (61,  62)  enthalt,  urn  den 
Ultraschallsender-Empfanger  (16)  und  den  Probenhalter  (22)  relativ  zueinander  in  der  Ebene  der 
zweidimensionalen  Abtastung  in  einer  Richtung  senkrecht  zur  Brennlinie  des  linienfokussierten  Ultraschall- 

20  strahls  mit  einer  Geschwindigkeit  zu  oszillieren  die  ausreichend  hoher  ist  als  die  Geschwindigkeit  der 
Bewegung  durch  die  Z-Achsenbewegungseinrichtung  (34,  35). 

Revendications 

25  1.  Appareil  de  microscope  a  ultrasons  comprenant: 
un  generateur  d'impulsions  haute  frequence  (14)  destine  a  engendrer  des  impulsions  haute  frequence 

obtenues  par  la  modulation  par  impulsions  d'une  porteuse  d'une  frequence  ultrasonore, 
un  duplexeur  (15)  relie  au  generateur  d'impulsions  haute  frequence,  destine  a  separer  un  signal  de 

transmission  et  un  signal  de  reception,  , 
30  un  emetteur-recepteur  d'ultrasons  (16)  relie  au  duplexeur  et  recevant  1'impulsion  haute  frequence, 

destine  a  emettre  une  onde  ultrasonore  de  la  frequence  uitrasonore  sous  forme  de  faisceau  ultrasonore 
focalise  et  a  recevoir  une  onde  ultrasonore  reflechie, 

un  support  d'echantillon  (22)  destine  a  maintenir  un  echantillon  devant  etre  expose  a  I'irradiation  par  le 
faisceau  ultrasonore  focalise  en  provenance  de  I'emetteur-recepteur  d'ultrasons  par  I'intermediaire  d'un 

35  milieu  a  champ  acoustique  (21), 
des  moyens  de  depiacement  dans  la  direction  de  I'axe  Z  (34,  35)  destines  a  deplacer  le  support 

d'echantillon  (22)  et  I'emetteur-recepteur  d'ultrasons  (16)  I'un  par  rapport  a  I'autre  le  long  de  I'axe  Z  defini 

par  le  faisceau  ultrasonore,  .  , 
un  circuit  de  detection  (31)  relie  au  duplexeur  (15),  ledit  circuit  etant  dispose  de  maniere  a  amplifier  et 

40  redresser  les  signaux  electriques  engendres  dans  I'emetteur-recepteur  en  reponse  a  des  ondes  reflechies 
recues,  les  signaux  redresses  denotant  les  amplitudes  des  ondes  reflechies  associees, 

des  moyens  generateurs  de  formes  d'ondes  (41—43)  disposes  de  maniere  a  produire  une  forme 
d'onde  (V(Z))  representative  de  I'enveloppe  de  signaux  redresses  obtenus  a  une  pluralite  de  distances 
predeterminees  entre  le  support  d'echantillon  et  I'emetteur-recepteur  le  long  de  I'axe  Z,  ladite  forme 

45  d'onde  de  I'enveloppe  comportant  une  pluralite  de  creux  espaces  suivant  un  intervalle  en  rapport  avec  la 
Vitesse  d'une  onde  elastique  de  fuite  excitee  dans  I'echantillon  au  niveau  de  la  surface  de  separation  du 
milieu  a  champ  acoustique  lors  de  I'exposition  de  I'echantillon  a  ladite  irradiation,  caracterise  par 

des  moyens  d'analyse  de  formes  d'onde  (46)  disposes  de  maniere  a  soumettre  la  forme  d'onde  de 
I'enveloppe  a  une  analyse  spectrale,  et 

50  des  moyens  devaluation  (46)  disposes  de  maniere  a  determiner  I'intervalle  de  creux  de  la  forme 
d'onde  de  I'enveloppe  (V(Z))  a  partir  des  frequences  des  composantes  spectrales  obtenues  par  I'analyse 
spectrale. 

2.  Appareil  de  microscope  a  ultrasons  selon  la  revendication  1,  dans  lequel  les  moyens  d  analyse  de 
formes  d'onde  (46)  component  des  moyens  de  traitement.de  formes  d'onde  destines  a  soustraire  de  la 

55  forme  d'onde  de  I'enveloppe  (V(Z))  un  signal  de  reference  (VR(Z))  afin  d'obtenir  une  forme  d'onde 
d'interference  (V,(Z)),  le  signal  de  reference  (VR(Z))  etant  selectionne  de  maniere  a  represented  a  chacune 
des  distances  predeterminees  entre  le  support  d'echantillon  et  I'emetteur-recepteur  le  long  de  I'axe  Z,  le 
niveau  de  la  forme  d'onde  de  I'enveloppe  en  I'absence  de  toute  onde  elastique  de  fuite,  lesdits  moyens 
d'analyse  de  formes  d'onde  (46)  etant  disposes  de  maniere  a  soumettre  la  forme  d'onde  d'interference 

60  (V,(Z))  a  ladite  analyse  spectrale,  et  , _ _ , „ ,  les  moyens  devaluation  (46)  etant  disposes  de  maniere  a  determiner,  sur  la  base  de  I  analyse 
spectrale,  I'intervalle  de  creux  de  ladite  forme  d'onde  d'interference  (V,(Z)). 

3  Appareil  selon  la  revendication  2,  dans  lequel  les  moyens  devaluation  (46)  comprennent  des 

moyens  pour  calculer  la  vitesse  (Vs)  de  I'onde  elastique  de  fuite  dans  I'echantillon  a  partir  de  I'intervalle  de 

65  creux  de  la  forme  d'onde  d'interference  (V,(Z))  et  des  moyens  de  calcul  d'affaiblissement  destines  a  obtenir 
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le  coefficient  d'affaiblissement  de  propagation  (as)  de  I'onde  elastique  de  fuite  a  partir  du  gradient  des 
amplitudes  de  la  forme  d'onde  d'interference  Vt(Z)  de  I'axe  Z. 

4.  Appareil  selon  la  revendication  2  ou  la  revendication  3,  dans  lequel  les  moyens  de  traitement  de 
formes  d'onde  comprennent  des  moyens  de  filtre  passe-bas  auxquels  sont  fournis  la  forme  d'onde  de 

5  I'enveloppe  V(Z)  et  qui  produisent  le  signal  de  reference  (VR(Z)). 
5.  Appareil  selon  la  revendication  4,  dans  lequel  les  moyens  de  filtre  passe-bas  sont  constitues  par  un 

filtre  numerique. 
6.  Appareil  selon  la  revendication  2  ou  la  revendication  3,  comprenant  des  moyens  pour  obtenir,  en 

tant  que  signal  de  reference  (VR(Z)),  la  forme  d'onde  de  I'enveloppe  (V(Z)),  en  utilisant,  en  tant 
10  qu'echantillon,  un  materiau  pour  lequel  une  onde  elastique  de  fuite  n'est  pas  importante  ou  n'est  jamais 

excitee  entre  le  milieu  a  champ  acoustique  (21)  et  I'echantillon. 
7.  Appareil  selon  la  revendication  2  ou  la  revendication  3,  comportant  des  moyens  pour  soumettre  la 

forme  d'onde  de  I'enveloppe  (V(Z))  a  une  transformed  de  Fourier  rapide  pour  obtenir  un  spectre,  pour 
eliminer  de  celui-ci  une  composante  haute  frequence  et  pour  effectuer  la  synthese  par  forme  d'onde  de  la 

is  composante  basse  frequence  restante  afin  d'obtenir  le  signal  de  reference  (VR(Z)). 
8.  Appareil  seion  la  revendication  2  ou  la  revendication  3,  dans  lequel  les  moyens  de  traitement  de 

formes  d'onde  sont  constitues  par  un  filtre  passe-haut  ou  passe-bande  auquel  estfourni  la  forme  d'onde  de 
I'enveloppe  (V(Z))  pour  en  extraire  la  forme  d'onde  d'interference  (V,(Z)). 

9.  Appareil  selon  la  revendication  3,  dans  lequel  les  moyens  de  calcul  d'affaiblissement  (46) 
20  comprennent  des  moyens  destines  a  obtenir  I'affaiblissement  a  partir  de  la  pente  d'une  ligne  joignant  les 

cretes  de  la  forme  d'onde  d'interference  (V,(Z))  sur  une  echelle  logarithmique. 
10.  Appareil  selon  la  revendication  2,  dans  lequel  les  moyens  devaluation  (46)  component  des  moyens 

pour  calculer  la  vitesse  (Vs)  de  la  composante  de  forme  d'onde  elastique  de  fuite  dans  I'echantillon  a  partir 
de  I'intervalle  de  creux  de  la  forme  d'onde  d'interference  (V,(Z)),  les  moyens  de  calcul  d'affaiblissement  (46) 

25  comprenant  des  moyens  destines  a  obtenir  la  pente  d'une  ligne  joignant  les  cretes  de  la  forme  d'onde 
d'interference  (V,(Z))  sur  une  echelle  logarithmique  et  des  moyens  pour  deriver  le  coefficient 
d'affaiblissement  de  propagation  (as)  de  I'onde  elastique  de  fuite  a  partir  du  gradient,  de  la  vitesse,  du 
coefficient  d'affaiblissement  (aj  du  milieu  a  champ  acoustique,  de  I'angle  critique  (8S)  de  I'onde  elastique 
de  fuite  et  de  la  frequence  ultrasonore  utilisee. 

30  11.  Appareil  selon  la  revendication  3,  dans  lequel  les  moyens  de  calcul  d'affaiblissement  (46) 
comprennent  des  moyens  pour  soumettre  la  forme  d'onde  d'interference  (V,(Z))  a  une  transformee  de 
Fourier  rapide  pour  obtenir  son  spectre,  des  moyens  destines  a  obtenir  un  coefficient  d'affaiblissement  de 
spectre  (ao)  a  partir  du  niveau  maximal  du  spectre  et  du  niveau  de  spectre  a  une  frequence  espacee  de 
1/(2t0)  (ou  2t0  designe  la  largeur  d'une  fonction  de  fenetre  d'onde  carree  de  la  transformee  de  Fourier 

35  rapide)  de  la  frequence  (fp)  du  niveau  de  valeur  maximale  et  des  moyens  destines  a  calculer  le  coefficient 
d'affaiblissement  de  propagation  (as)  de  I'onde  elastique  de  fuite  a  partir  de  sa  vitesse  (Vs),  dudit  coefficient 
d'affaiblissement  de  sprectre  (a0),  du  coefficient  d'affaiblissement  (aj  du  milieu  a  champ  acoustique,  de 
I'angle  critique  (6S)  de  I'onde  elastique  de  fuite  et  de  la  frequence  ultrasonore  (f)  utilisee. 

40  12.  Appareil  selon  la  revendication  11,  dans  lequel  les  moyens  de  traitement  de  formes  d'onde 
comprennent  des  moyens  destines  a  appliquer  a  un  filtre  passe-bas  le  reste  (V',(Z))  obtenu  en  soustrayant 
le  signal  de  reference  (VR(Z))  de  la  forme  d'onde  d'enveloppe  (V(Z))  et  en  soustrayant  la  sortie  (AVR(Z))  du 
filtre  passe-bas  du  reste  (V',(Z))  pour  determiner  la  forme  d'onde  d'interference  (V,(Z)). 

13.  Appareil  selon  la  revendication  11  ou  la  revendication  12,  dans  lequel  les  moyens  de  traitement  de 
45  formes  d'onde  comprennent  des  moyens  pour  appliquer  a  un  filtre  passe-bas  le  reste  (V',(Z))  obtenu  en 

soustrayant  le  signal  de  reference  (VR(Z))  de  la  forme  d'onde  de  I'enveloppe  (V(Z)),  en  appliquant  un 
decalage  c.c.  a  la  sortie  du  filtre  (AVR(Z))  de  maniere  a  ce  que  I'integrale  de  la  sortie  du  filtre  decalee 
devienne  sensiblement  egale  a  zero,  dans  lequel  les  moyens  d'analyse  de  formes  d'onde  (46)  comportent 
des  moyens  pour  appliquer  ledit  decaiage  c.c.  au  reste  (V',(Z))  et  soumettre  ensuite  le  reste  decale  a  une 

so  transformee  de  Fourier  rapide  pour  obtenir  son  spectre,  et  dans  lequel  les  moyens  de  calcul 
d'affaiblissement  comportent  des  moyens  pour  calculer  les  coefficients  d'affaiblissement  de  spectre  (ct0)  a 
partir  des  niveaux  des  frequences  de  crete  respectives  (fp)  correspondant  aux  modes  respectifs  des  ondes 
elastiques  de  fuite  dans  le  spectre  du  reste  decale  c.c.  et  des  niveaux  de  frequences  espacees  de  1/(2t0)  des 
frequences  de  crete  (fp)  dans  le  spectre  et  des  moyens  pour  calculer  les  coefficients  d'affaiblissement  de 

55  propagation  (as)  des  ondes  elastiques  de  fuite  respectives  a  partir  des  coefficients  d'affaiblissement  de 
spectre  (a0),  des  vitesses  (Vs)  des  ondes  elastiques  de  fuite  respectives,  des  coefficients  d'affaiblissement 
(aj  du  milieu  a  champ  acoustique,  de  I'angle  critique  (9S)  des  ondes  elastiques  de  fuite  respectives  et  de  la 
frequence  ultrasonore  (f)  utilisee. 

14.  Appareil  selon  la  revendication  1,  dans  lequel  les  moyens  d'analyse  de  formes  d'onde  (46) 
so  comprennent  des  moyens  pour  soumettre  la  forme  d'onde  de  I'enveloppe  (V(Z))  a  une  transformee  de 

Fourier  rapide. 
15.  Appareil  selon  I'une  quelconque  des  revendications  2  a  13,  dans  lequel  les  moyens  d'analyse  de 

•  formes  d'onde  (46)  comprennent  des  moyens  pour  soumettre  la  forme  d'onde  d'interference  (V,(Z))  a  une 
transformee  de  Fourier  rapide. 

65  16.  Appareil  selon  la  revendication  15,  dans  lequel  la  transformee  de  Fourier  rapide  est  effectuee  avec 
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des  points  d'echantillon  fictifs  disposes  avant  et  apres  les  points  d'echantillonnage  de  la  forme  d'onde 
d'interference  (V,(Z)). 

17.  Appareil  selon  la  revendication  14,  dans  lequel  la  transformed  de  Fourier  rapide  est  effectuee  avec 
des  points  d'echantillonnage  fictifs  disposes  avant  et  apres  les  points  d'echantillonnage  de  la  forme  d'onde 

5  de  I'enveloppe  (V(Z)).  , 
18.  Appareil  selon  I'une  quelconque  des  revendications  1  a  17,  dans  lequel  I  emetteur-recepteur 

d'ultrasons  (16)  produit  un  faisceau  ultrasonore  a  foyer  ponctuel. 
19.  Appareil  selon  I'une  quelconque  des  revendications  1  a  17,  dans  lequel  I'emetteur-recepteur 

d'ultrasons  (16)  produit  un  faisceau  ultrasonore  a  foyer  lineaire. 
10  20  Appareil  selon  la  revendication  19,  comprenant  des  moyens  de  rotation  destines  a  faire  tourner 

I'emetteur-recepteur  d'ultrasons  (16)  et  le  support  d'echantillon  (22)  I'un  par  rapport  a  I'autre  autour  de 
I'axe  du  faisceau  ultrasonore.  ,  , 

21.  Appareil  selon  I'une  quelconque  des  revendications  1  a  17,  dans  lequel  lesdits  moyens  generateurs 
de  formes  d'ondes  comprennent  un  circuit  de  maintien  (41)  relie  au  circuit  de  detection  (31),  destine  a 

is  maintenir  le  niveau  de  son  signal  de  sortie,  et  une  memoire  de  formes  d'onde  (43)  destinee  a  enregistrer  la 
sortie  du  circuit  de  maintien  (41)  apres  chaque  mouvement  relatif  du  support  d'echantillon  (22)  et  de 
I'emetteur-recepteur  d'ultrasons  (16)  suivant  une  distance  fixe  par  les  moyens  de  deplacement  dans  la 
direction  de  I'axe  Z  (34,  35),  la  memoire  de  formes  d'onde  (43)  etant  lue  pour  I'analyse  des  formes  d'onde 
et/ou  le  traitement  des  formes  d'onde. 

20  22.  Appareil  selon  I'une  quelconque  des  revendications  1  a  21,  comprenant  des  moyens  (52)  pour 
mesurer  la  temperature  du  milieu  a  champ  acoustique  (21)  et  des  moyens  pour  corriger  la  vitesse  dans  le 
milieu  a  champ  acoustique. 

23  Appareil  selon  I'une  quelconque  des  revendications  1  a  22,  comprenant  des  moyens  de 
deplacement  XY  (55)  destines  a  deplacer  le  support  d'echantillon  (22)  et  I'emetteur-recepteur  d'ultrasons 

25  (16)  I'un  par  rapport  a  I'autre  dans  un  plan  perpendiculaire  a  I'axe  du  faisceau  ultrasonore  pour  balayer 
I'echantillon  suivant  deux  dimensions,  et  des  moyens  d'affichage  (56—57)  pour  fournir  sous  forme  d'image 
I'affichage  de  la  grandeur  du  niveau  de  la  sortie  ampiifiee-redressee  correspondant  a  chaque  position  du 
balayage  a  deux  dimensions  de  I'echantillon. 

24.  Appareil  selon  la  revendication  23,  dans  lequel  I'intervalle  de  creux  de  la  forme  d  onde 
30  d'interference  (V,(Z))  et/ou  I'affaiblissement  sont  obtenus  pour  une  ou  plusieurs  positions  du  balayage  a 

deux  dimensions  de  I'echantillon. 
25.  Appareil  selon  la  revendication  23,  dans  lequel  I'emetteur-recepteur  d  ultrasons  (16)  produit  un 

faisceau  ultrasonore  a  foyer  ponctuel,  et  qui  comprend  des  moyens  d'oscillations  (61,  62)  pour  faire  osciller 
I'emetteur-recepteur  d'ultrasons  (16)  et  le  support  d'echantillon  (22)  I'un  par  rapport  a  I'autre  dans  le  plan 

35  du  balayage  a  deux  dimensions  le  long  d'un  axe  et/ou  d'un  autre  axe  perpendiculaire  a  celui-ci  a  une 
vitesse  suffisamment  plus  elevee  que  la  vitesse  du  deplacement  par  les  moyens  de  deplacement  dans  la 
direction  de  I'axe  Z  (34,  35). 

26.  Appareil  selon  la  revendication  23,  dans  lequel  I'emetteur-recepteur  d'ultrasons  (16)  produit  un 
faisceau  ultrasonore  a  foyer  lineaire,  et  qui  comprend  des  moyens  d'oscillation  (61,  62)  pour  faire  osciller 

40  I'emetteur-recepteur  d'ultrasons  (16)  et  le  support  d'echantillon  (22)  I'un  par  rapport  a  I'autre  dans  le  plan 
du  balayage  a  deux  dimensions  dans  une  direction  perpendiculaire  a  la  ligne  de  focalisation  du  faisceau 
ultrasonore  a  foyer  lineaire  a  une  vitesse  suffisamment  superieure  a  la  vitesse  du  deplacement  par  les 

moyens  de  deplacement  dans  la  direction  de  I'axe  Z  (34,  35). 
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