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Abstract  

The an iso t ropy  d e t e c t i o n  of  a c o u s t i c  proper-  
t i e s  o f  s o l i d  m a t e r i a l s  by means o f  a r e f l e c t i o n  
a c o u s t i c  microscope i n  nonscanning v e r s i o n  is  i n -  
v e s t i g a t e d .  For t h e  purpose, an a c o u s t i c  l i n e -  
focus beam is  newly introduced as an a c o u s t i c  probe 
f o r  t h e  a c o u s t i c  microscope system. The l i n e - f o c u s  
beam t h a t  i s  l i n e a r l y  focused along one a x i s  i s  
r e a d i l y  formed by an a c o u s t i c  l e n s  wi th  a c y l i n d r i -  
c a l  concave s u r f a c e .  With u s e  of  t h e  l ine- focus  
beam, a c o u s t i c  a n i s o t r o p i e s  of  m a t e r i a l s  can be 
a p p r o p r i a t e l y  d e t e c t e d  a s  a f u n c t i o n  of angle  
around t h e  beam a x i s  normal t o  a sample t a r g e t  
through t h e  V(z) curve measurements. Experiments 
f o r  2-cut sapphi re  and Y-cut LiNb03 are demon- 
s t r a t e d  by us ing  an a c o u s t i c  sapphi re  l e n s  with a 
c y l i n d r i c a l  concave s u r f a c e  of  1 .0  mm i n  r a d i u s  a t  
a f requency of 200 MHz. 

1. In t roduct ion  

An a c o u s t i c  l i n e - f o c u s  beam is newly i n t r o -  
duced i n t o  t h e  a c o u s t i c  microscope system, while  
an a c o u s t i c  po in t - focus  beam has been employed i n  
t h e  convent ional  system. The l i n e - f o c u s  beam named 
h e r e  means a wedge-shaped beam l i n e a r l y  focused 
along one a x i s .  

S ince  a mechanically scanned a c o u s t i c  micro- 
scope has  been developed by Lemons and Quate [l], 
t h e  a p p l i c a t i o n s  of  a c o u s t i c  microscope system have 
been widely s t u d i e d  i n  t h e  f i e l d s  o f  b i o l o g i c a l  
s c i e n c e ,  s o l i d  m a t e r i a l  sc ience  and nondes t ruc t ive  
e v a l u a t i o n ,  accompanying with improvements o f  hard-  
ware [2]  . Furthermore, t h e o r e t i c a l  ana lyses  of  
angular  spectrum f o r  expla in ing  c o n t r a s t  mechanism 
i n  a c o u s t i c  images have been advanced [ 3 ] - [ S I .  

I n  t h e  process  of t h e s e  s t u d i e s ,  e s p e c i a l l y  
f o r  s o l i d  m a t e r i a l s ,  it has  been exper imenta l ly  and 
t h e o r e t i c a l l y  found out  t h a t  t h e  p i e z o e l e c t r i c  
t r a n s d u c e r  output  v a r i e s  markedly with t h e  d i s t a n c e  
between an a c o u s t i c  probe and a sample t a r g e t .  
Record o f  t h e  output  i s  c a l l e d  t h e  V(z)  curve [3] 
as a f u n c t i o n  of d i s t a n c e  z .  A s  t h e  shapes o f  t h e  
V(z) curves  a r e  unique t o  t h e  a c o u s t i c  p r o p e r t i e s  
o f  s o l i d  m a t e r i a l s  themselves ,  i t  has  been poin ted  
out  t h a t  t h e  r e f l e c t i o n  a c o u s t i c  microscope system 
i n  nonscanning v e r s i o n  can be used for determining 
a c o u s t i c  p r o p e r t i e s  o f  s o l i d  m a t e r i a l s .  
t h e n ,  t h e  a c o u s t i c  microscope i n  nonscanning v e r -  

S ince  

s i o n  has  a t t r a c t e d  our a t t e n t i o n  as an important 
instrument  f o r  c h a r a c t e r i z i n g  s o l i d  m a t e r i a l s .  

d i c i t y  of  d i p s  appearing i n  t h e  V(z) curves .  From 
measurements f o r  many samples with wide v e l o c i t y  
ranges ,  it has  been demonstrated exper imenta l ly  
t h a t  an i n t e r v a l  of  d i p s  is  s t r o n g l y  r e l a t e d  t o  
phase v e l o c i t y  of  leaky sur face-acous t  i c  wave (SAW) 
e x c i t e d  by t h e  conica l  beam on t h e  boundary of 
w a t e r / s o l i d .  

Weglein [6] - [SI  has  taken  n o t i c e  of  t h e  p e r i o -  

A s  an usual  a c o u s t i c  l e n s  f o r  an a c o u s t i c  
microscope has  a s p h e r i c a l  concave s u r f a c e ,  a p lane  
wave r a d i a t e d  from t h e  t r a n s d u c e r  i s  c i r c u l a r l y  
focused i n t o  a p o i n t .  
beam is  employed as  an a c o u s t i c  probe f o r  charac-  
t e r i z i n g  s o l i d  m a t e r i a l s  by a nonscanning r e f l e c -  
t i o n  a c o u s t i c  microscope, t h e  beam e x c i t e s  leaky 
SAWS i n  a l l  d i r e c t i o n s .  So, t h e  a c o u s t i c  proper-  
t i e s  a r e  measured a s  a mean v a l u e  around t h e  beam 
a x i s .  The system cannot be appl ied  for d e t e c t i n g  
a c o u s t i c  p r o p e r t i e s  o f  r e f l e c t i n g  c r y s t a l l o g r a p h i c  
a n i s o t r o p i e s .  

When t h e  c i r c u l a r l y  focused 

In t h i s  paper ,  w e  propose t h e  l i n e - f o c u s  beam 
as an a c o u s t i c  probe fo r  d e t e c t i n g  a c o u s t i c  mate- 
r i a l  a n i s o t r o p i e s  i n  t h e  nonscanning r e f l e c t i o n  
a c o u s t i c  microscope system. The l i n e - f o c u s  beam 
enables  u s  t o  d e t e c t  a c o u s t i c  a n i s o t r o p i e s  of 
m a t e r i a l s  because t h e  e x c i t e d  leaky SAW can be 
confined i n  one d i r e c t i o n .  Here, t h e  l i n e - f o c u s  
beam is r e a l i z e d  by an a c o u s t i c  sapphi re  l e n s  with 
a c y l i n d r i c a l  concave s u r f a c e  of  1 . 0  mm i n  r a d i u s  
a t  a frequency of 200 MHz. Then, experiments of  
a c o u s t i c  anisotrop:. d e t e c t i o n  f o r  Z-cut sapphi re  
and Y-cut LiNbO a r e  demonstrated.  3 

2 .  P r i n c i p l e  

The concept o f  d e t e c t i n g  a c o u s t i c  a n i s o t r o -  
p i e s  of  s o l i d  m a t e r i a l s  by a nonscanning r e f l e c -  
t i o n  a c o u s t i c  microscope us ing  a l i n e - f o c u s  beam 
is i l l u s t r a t e d  i n  Fig. 1. The r e f l e c t i o n  a c o u s t i c  
microscope i s  used i n  t h e  nonscanning vers ion  t h a t  
does not  scan i n  t h e  x and y d i r e c t i o n s  but  t r a n s -  
l a t e s  t h e  a c o u s t i c  probe o r  t h e  sample t a r g e t  
r e l a t i v e l y  along t h e  z d i r e c t i o n .  The wedge- 
shaped beam is  coupled through water  (not shown i n  
t h e  f i g u r e )  normally t o  t h e  sample. The aniso-  
t r o p y  d e t e c t i o n  is  made by measuring t h e  V(z) 
curves  t h a t  are t h e  records  of  s i g n a l v a r i a t i o n s  of 
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ZnO-f 1 Im transducer 
3 .  Experiments and Discussions 

3 . 1  Acoust ic  l i n e - f o c u s  beam 

To r e a l i z e  a l i n e a r l y  focused beam proposed 
h e r e ,  an a c o u s t i c  sapphi re  l e n s  with a c y l i n d r i c a l  
concave s u r f a c e  i s  cons t ruc ted .  The s t r u c t u r e  and 
dimensions a r e  depic ted  i n  Fig.  2. The c y l i n d r i c a l  
concave s u r f a c e  is  o p t i c a l l y  pol i shed  and formed 
on one end o f  a Z-cut sapphi re  rod wi th  a r a d i u s  
of  1 . 0  mm and an a p e r t u r e  h a l f - a n g l e  of  60". The 
l e n s  i s  s u i t a b l e  f o r  an a c o u s t i c  microscope under 
200-MHz o p e r a t i o n .  The dimensions and shape of  t h e  
sapphi re  l e n s  a r e  designed t o  suppress  spur ious  
s i g n a l s  caused by t h e  i n t e r n a l  r e f l e c t i o n s  i n  t h e  
rod .  On t h e  concave s u r f a c e ,  a chalcogenide g l a s s  
f i l m  with a f i l m  t h i c k n e s s  o f  2.87 pm was d e p o s i t e d  
by vacuum-evaporation a s  an a c o u s t i c  a n t i r e f l e c t i o n  
c o a t i n g  f o r  e f f i c i e n t l y  t r a n s m i t t i n g  a c o u s t i c  waves 
a c r o s s  t h e  sapphi re /water  i n t e r f a c e  [ l l ] .  On an- 
o t h e r  f l a t  s u r f a c e ,  a ZnO f i l m  t r a n s d u c e r  with a 
diameter  of  1 . 7  nun was f a b r i c a t e d  t o  r a d i a t e  and 
d e t e c t  a c o u s t i c  l o n g i t u d i n a l  waves. Acoust ic  p l a n e  
waves r a d i a t e d  from t h e  ZnO f i l m  t r a n s d u c e r  a r e  
converted i n t o  l i n e a r l y  focused a c o u s t i c  beam 
through t h e  c y l i n d r i c a l l y  concaved a c o u s t i c  l e n s .  

acoustic llne- 

sanple target 

acoustic llne- 

sanple target 

X 

Y e 
2 

Fig .  1. I l l u s t r a t i o n  of  d e t e c t i n g  a c o u s t i c  an iso-  
t r o p i e s  of  m a t e r i a l s  by nonscanning r e f l e c -  
t i o n  a c o u s t i c  microscope us ing  a c o u s t i c  
1 i n e -  focus beam. 

t h e  p i e z o e l e c t r i c  t r a n s d u c e r  output  as a f u n c t i o n  
of  d i s t a n c e  along t h e  z a x i s .  I n  t h e  V ( z )  curves ,  
t h e  t r a n s d u c e r  output  g ives  a maximum a t  z = 0 
( f o c a l  p o i n t )  and v a r i e s  p e r i o d i c a l l y  i n  t h e  nega- 
t i v e  z reg ion  of t h e  i n s i d e  f o c a l  p o i n t  (see 
F ig .  5 o r  Fig. 7 ) .  These p e r i o d i c  d i p s  a r e  caused 
by t h e  i n t e r f e r e n c e  between a c o u s t i c  waves n e a r  
t h e  z a x i s  d i r e c t l y  r e f l e c t e d  from t h e  sample and 
t h o s e  r e r a d i a t e d  from t h e  sample v i a  t h e  leaky  SAW 
e x c i t e d  on t h e  water/sample boundary [9] ,  [ lo1  . In  
Fig.  1, a s  t h e  a c o u s t i c  beam i s  focused l i n e a r l y  
a long t h e  y-ax is  d i r e c t i o n  when 9 = O o ,  t h e  phase 
v e l o c i t y  of  leaky SAW propagat ing  i n  t h e  x-ax is  
d i r e c t i o n  on t h e  water/sample boundary can be mea- 
sured .  Rota t ing  t h e  sample by angles  o f  8" around 
t h e  z a x i s  and t h e n  record ing  t h e  V ( z )  curves ,  we 
can o b t a i n  t h e  v a r i a t i o n s  o f  phase v e l o c i t i e s  o f  
leaky  SAWs depending on t h e  wave-propagation d i r e c -  
t i o n s .  Thus, a n i s o t r o p i e s  of a c o u s t i c  p r o p e r t i e s  
o f  leaky SAWs on t h e  w a t e r / a n i s o t r o p i c - s a p l e  
boundary around t h e  z a x i s  can be d e t e c t e d  by a 
nonscanning r e f l e c t i o n  a c o u s t i c  microscope with a 
l i n e - f o c u s  beam. 

The phase v e l o c i t y ,  v , of  leaky SAW can 
be determined from t h e  i n t e & ? f ,  Az, o f  t h e  d i p s  
and is approximately given by t h e  fol lowing rela- 
t i o n  [9], [IO] : 

-1 
where elsaw = s i n  ) , f i s  t h e  a c o u s t i c  
f requency and v z  is t k e  i g g i t u d i n a l  v e l o c i t y  of 
water. Equation (1) is  a l s o  represented  i n  terms 
of  uzsm, t h a t  i s :  

(U / v  

(2) 
2 1 / 2  v i sm = VZ/(l-(l-vz/2fAZ) 1 , 

A s  seen i n  t h e  equat ion  (Z), t h e  leaky SAW v e l o c i t y  
can be c a l c u l a t e d  from t h e  measured i n t e r v a l  of  Az. 

cy1 lndrlcal chalcWenlde-glass-fllm ZnO-fllm transducer 
concave surface auarter-wovelensth (1.7 d,  

mtchlng laver \ 

Fig .  2 .  S t r u c t u r e  o f  a c o u s t i c  sapphi re  l e n s  wi th  
c y l i n d r i c a l  concave s u r f a c e  f o r  l i n e a r l y  
focus ing  a c o u s t i c  waves. 

Acoust ic  r a d i a t i o n  f i e l d s  formed by t h e  acous- 
t i c  l i n e - f o c u s  l e n s  a r e  examined. Here, a r a z o r  
b lade  as a r e f l e c t o r  with an edge width o f  about 
6 pm i s  used i n  a r e f l e c t i o n  type  f o r  d e t e c t i n g  
a c o u s t i c  f i e l d  d i s t r i b u t i o n s  along t h e  x and z d i -  
r e c t i o n s  shown i n  F ig .  1, while  a convent ional  
a c o u s t i c  s a p p h i r e  l e n s  with a curva ture  r a d i u s  of  
1 .25  mm is  used i n  a t ransmiss ion  type  as  a d e t e c -  
t o r  f o r  probing a c o u s t i c  f i e l d  d i s t r i b u t i o n s  along 
t h e  y d i r e c t i o n  on t h e  f o c a l  p l a n e .  
ments of  probing a c o u s t i c  f i e l d s ,  t h e  t a r g e t  and 
t h e  l e n s  must be c a r e f u l l y  a l i g n e d  f o r  maximizing 
a s i g n a l  echo he ight  r e f l e c t e d  from t h e  t a r g e t ,  
because t h e  y d i r e c t i o n  width of  a c o u s t i c  l i n e -  
focus beam i s  much l a r g e r  than  an a c o u s t i c  wave- 
l e n g t h  i n  water .  
a long t h r e e  axes a r e  au tomat ica l ly  measured by 
motor-driven t r a n s l a t i o n s .  The experimental  re- 
s u l t s  a r e  shown i n  F ig .  3 .  Figure 3a i s  t h e  acous- 
t i c  d i s t r i b u t i o n  along t h e  x a x i s .  The 3 dB width 

In t h e  e x p e r i -  

The a c o u s t i c  f i e l d  d i s t r i b u t i o n s  
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i s  about 8 pm, which i s  comparable t o  an a c o u s t i c  
wavelength o f  7.34 pm i n  water a t  a f requency o f  
202 MHz. Figure 3b i s  t h e  a c o u s t i c  f i e l d  d i s t r i b u -  
t i o n  along t h e  y a x i s .  11 t h e  v i c i n i t y  of t h e  cen- 
t e r  ( y = O ) ,  t h e  i n t e n s i t y  g i v e s  a maximum and de- 
c r e a s e s  with i n c r e a s i n g  t h e  d i s t a n c e  IyI a s  pre-  
d i c t e d  by t h e  theory  f o r  t h e  t r a n s d u c e r  with a f i -  
n i t e  e l e c t r o d e  width [12] .  Figure 3c shows t h e  
f i e l d  d i s t r i b u t i o n  along t h e  z a x i s .  
width o f  about 32 pm t h a t  i s  about 4 times l a r g e r  
t h a n  an a c o u s t i c  wavelength. Thus, it has  been 
e a s i l y  confirmed t h a t ,  by employing t h i s  sapphi re  
l e n s  wi th  a c y l i n d r i c a l  concave s u r f a c e ,  a c o u s t i c  
waves r a d i a t e d  from t h e  ZnO f i l m  t r a n s d u c e r  a r e  
s a t i s f a c t o r i l y  converted i n t o  an a c o u s t i c  l i n e - f o c u s  
beam which i s  l i n e a r l y  focused along t h e  x a x i s  and 
not focused along t h e  y a x i s .  

I t  has  a 3 dB 

2 - 0 -  

4- -5 

c -10 

2 - 1 5  - 

-20 

5 
>, 

v) 

al e, 

- 
- - 

al 

0 - 
e - 

I 

-10 -5 0 5 10 
distance, X t p )  

5. e, 

c al 
;; -5 

E -10 - 
P -15 

- -20 
i!! 

- 
c 
0 

I I 

-40 -20 0 20 40 60 
dlstance, Z C p )  

Fig .  3 .  Acoust ic  f i e l d  d i s t r i b u t i o n s  by a c o u s t i c  
l ine-focus-beam sapphi re  l e n s  with c y l i n d r i -  
cal concave s u r f a c e  of  1 . 0  mm i n  r a d i u s  
measured a t  202 MHz. 

(a )  a long x a x i s  
(b) a long y a x i s  
(c )  a long z a x i s  

3 . 2  Acoust ic  an iso t ropy  d e t e c t i o n  of  m a t e r i a l s  

Experiments f o r  a c o u s t i c  an iso t ropy  d e t e c t i o n  

3 '  a r e  performed f o r  Z-cut sapphi re  and Y-cut LiNbO 
A block diagram of  t h e  measurement system f o r  t h e  
V ( z )  curves  i s  shown i n  Fig. 4 .  Transducer output  
d e t e c t e d  by t h e  l i n e - f o c u s  beam is  very s e n s i t i v e  
t o  an alignment between a sample and t h e  beam. 
To make p r e c i s e  measurements, t h e  sample and t h e  
a c o u s t i c  l e n s  and t r a n s d u c e r  a r e  s e t  up on a me- 
chanica l  s t a g e  which i s  movable a long t h r e e  axes 
(x ,y ,z )  and r o t a t a b l e  around t h e i r  axes  with very  
h igh  accuracy.  
f o c a l  po in t  o f  t h e  l i n e - f o c u s  l e n s .  The t r a n s d u c e r  
output  is  maximized with c a r e f u l  a l ignment .  
p u l s e  mode measurement system [13]-.[15] i s  used f o r  
genera t ion  of  an RF p u l s e  and d e t e c t i o n  of  a s i g n a l  
RF p u l s e  r e f l e c t e d  from t h e  sample. 
a long t h e  z a x i s  i s  motor-dr iven.  The z p o s i t i o n s  
a r e  read  out  by a poten t iometer .  
t h e  s i g n a l  and z p o s i t i o n s  a r e  appl ied  t o  t h e  d i g -  
i t a l  wave memorizer. The V ( z )  curve i s  d isp layed  
on t h e  o s c i l l o s c o p e .  

The sample i s  p o s i t i o n e d  a t  t h e  

The 

The t r a n s l a t i o n  

Two outputs  of  

Fig. 4 .  Block diagram of  measurement system f o r  
determining propagat ion p r o p e r t i e s  of  
leaky SAWS. 

A. Z-cut s a p p h i r e  

Figure 5 shows t h e  V(z) curve mearured f o r  t h e  
Y-axis propagat ion  d i r e c t i o n  of  leaky  SAW on t h e  
water /Z-cut-sapphire  boundary a t  a frequency of  
202 MHz. I n  t h e  reg ion  of  z C O ,  t h e  curve v a r i e s  
markedly with t h e  d i s t a n c e  z ,  and t h e  d i p s  i n  t h e  
curve appear p e r i o d i c a l l y .  
measured as Az = 105.3 pm. From t h e  equat ion ( 2 ) w i t h  
t h e  i n t e r v a l  v a l u e ,  t h e  leaky  SAW v e l o c i t y  i s  ca lcu-  
l a t e d  t o  be 5700 m/sec. 
d i r e c t i o n s ,  leaky SAW v e l o c i t i e s  a r e  measured i n  t h e  
same way. 
Fig.  6 t o g e t h e r  with t h e  t h e o r e t i c a l  r e s u l t s .  a is  
def ined  by Im(k)/Re(k), where k is  t h e  complex 
propagat ion c o n s t a n t .  In  t h e  c a l c u l a t i o n s ,  t h e  
phys ica l  c o n s t a n t s  i n  Ref. 16 a r e  used f o r  sapphi re ,  
and t h e  l o n g i t u d i n a l  v e l o c i t y  o f  v -1483 m/sec and 
t h e  d e n s i t y  o f  P = 998.2 kg/m3 a t  2 6 - O D C  a r e  used f o r  
water .  
f o r  t h e  water /Z-cut-sapphire  boundary are only a 
few meters  p e r  second l a r g e r  t h a n  t h o s e  f o r  t h e  
free-space/Z-cut-sapphire boundary. 

One i n t e r v a l  of  d i p s  i s  

For t h e  o t h e r  propagat ion 

The experimental  r e s u l t s  are p l o t t e d  i n  

The c a l c u l a t e d  r e s u l t s  of  phase v e l o c i t i e s  
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B. Y-cut LiNb03 

a frequency of 216.5 MHz. Figure 7 shows t h e  V ( z )  
curve measured f o r  t h e  leaky  SAW propagat ion i n  
t h e  Z-axis d i r e c t i o n  on Y-cut LiNbO . The V ( z )  
curve has  much s h o r t e r  i n t e r v a l s  beaween d i p s  than  
t h o s e  observed f o r  t h e  Y-axis propagat ion on water /  
2 -cu t -sapphi re  shown i n  Fig.  5 .  With t h e  i n t e r v a l  
of  34.4 pm from t h e  f i g u r e ,  t h e  leaky SAW v e l o c i t y  
is  c a l c u l a t e d  t o  be 3432 m/sec. S i m i l a r l y ,  mea- 
surements f o r  t h e  o t h e r  propagat ion d i r e c t i o n s  of  
leaky SAWs a r e  performed. The experimental  r e s u l t s  
a r e  p l o t t e d  as  open c i r c l e s  i n  Fig.  8 .  

To compare t h e  experimental  r e s u l t s  with t h e  

Experiments on Y-cut Limo3 a r e  performed a t  

t h e o r y ,  t h e o r e t i c a l  c a l c u l a t i o n s  a r e  made according 
t o  t h e  a n a l y t i c  procedure by Campbell and Jones 
[17] with t h e  phys ica l  c o n s t a n t s  f o r  LiNbO c r y s t a l  
r e p o r t e d  by Warner e t  a l .  [19] .  The ca lcu?a ted  
r e s u l t s  a r e  shown i n  F i g .  8 t o g e t h e r  with t h e  c a l -  
c u l a t e d  v e l o c i t i e s  f o r  SAWs on free-space/Y-cut-  
LiNb03. ,The s o l i d  l i n e  i s  f o r  leaky SAWS and t h e  
broken l i n e  f o r  SAWs. 

The r e s u l t s  by t h e  experiments  can be expla in-  
ed e n t i r e l y  w e l l  wi th  t h e  theory .  E f f e c t  o f  water  
loading on t h e  Y-cut LiNbOg i s  q u i t e  d i f f e r e n t  
from t h e  n o n p i e z o e l e c t r i c  m a t e r i a l s  such a s  
sapphi re  descr ibed  above. 
of  leaky SAWS decrease  more remarkably than  t h o s e  
of  SAWs. This  is  mainly due t o  t h e  d i e l e c t r i c  
loading  o f  t h e  water  [17]. The d i f f e r e n c e s  between 
t h e  c a l c u l a t e d  and experimental  va lues  a r e  about 
0.2 % i n  t h e  v i c i n i t y  of  e = 9 0 °  (Z-axis propaga- 
t i o n )  and about 1 . 2  % i n  t h e  v i c i n i t y  of  e = 0' 
(X-axis propagat ion) .  The s l i g h t l y  excess ive  
d i f f e r e n c e  f o r  8 = O o  i s  about 50 m/sec. This  can 
be s a i d  t h a t  t h e  phys ica l  cons tan ts  used f o r  t h e  
c a l c u l a t i o n s  is s l i g h t l y  d i f f e r e n t  from t h o s e  f o r  
a c t u a l l y  employed LiNbO c r y s t a l .  The s i m i l a r  3 t h i n g  has  been a l s o  observed i n  t h e  case  f o r  SAW 
with t h e  d i f f e r e n c e  of 59 m/sec [19]. 

The phase v e l o c i t i e s  

l ~ l l l t l ~ l  
-400 -300 -200 -100 0 

distance, z (pn) 

Fig.  5 .  V ( z )  curve f o r  Y-axis propagat ion ( 9 = 3 0 ° )  
of  leaky SAW on water /Z-cut-sapphire  
boundary measured with a c o u s t i c  l i n e - f o c u s  
beam a t  202 MHz. 

5500 t 

c 
60 90 120 150 180 0 30 

propagation direction, Q (deg.) 

Fig.  6 .  Experimental  and t h e o r e t i c a l  r e s u l t s  of  
propagat ion  p r o p e r t i e s  o f  leaky SAWs on 
water /Z-cut -sapphi re  boundary. 

From t h e  f i g u r e ,  t h e  measured va lues  o f  t h e  
leaky SAW v e l o c i t e s  a r e  as a whole very c l o s e  t o  
t h e  c a l c u l a t e d  v a l u e s  with i n  t h e  d i f f e r e n c e  of  
about 1 %. A s  a r e s u l t ,  it i s  proved t h a t  t h e  
a c o u s t i c  an iso t ropy  of  Z-cut sapphi re  can be de- 
t e c t e d  by measurements o f  leaky  SAW v e l o c i t i e s  
depending on t h e  wave-propagation d i r e c t i o n s  around 
t h e  Z a x i s  by means of  a nonscanning r e f l e c t i o n  
a c o u s t i c  microscope with a l i n e - f o c u s  beam, a s  
p r e d i c t e d  by t h e  t h e o r y .  

DO -300 -200 -100 0 

distance, z (pm) 

Fig .  7. V(z )  curve f o r  Z-axis propagat ion (e = 90')  
of leaky  SAW on water/Y-cut-LiNbO 
boundary measured wi th  a c o u s t i c  l i n e - f o c u s  
beam a t  216.5 MHz. 
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1 Y-cut LiNb03 
3800 1 
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propagation d i r e c t i o n .  0 (deg . )  

Fig. 8. Experimental and theoretical results of 
propagation properties of leaky SAWs on 
water/Y-cut-LiNb03 boundary. 

-; calculated for leaky SAWs 
- - - - -  ; calculated for SAWs 

o ; measured 

4 .  Conclusion 

In this paper, we have proposed a new acoustic 
line-focus beam as an acoustic probe f o r  a reflec- 
tion acoustic microscope in nonscanning version. 
The line-focus beam has been demonstrated by a 
sapphire lens with a cylindrical concave surface of 
1.0 mm in radius at a frequency of 200 MHz. With 
use of the line-focus beam, anisotropy detections 
of  acoustic properties of s o l i d  materials have been 
explored, taking 2-cut sapphire and Y-cut LiNbO as 
sample targets. It has been demonstrated for tl?e 
first time that the acoustic microscope system can 
easily and acculately detect the acoustic aniso- 
tropies with the line-focus beam for the crystals, 
such as sapphire and L i N b O  , via the propagation- 
direction dependence of le2ky SAWs. In future, 
acoustic microscopes will play a very important 
role as the ultrasonic instruments in the fields of 
material characterization as well as nondestructive 
evaluation. 
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