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©  Ultrasonic  probe. 
  An  ultrasonic  probe  for  an  ultrasonic  medical  diagnostic 
apparatus  which  is  composed  of  a  plurality  of  piezoelectric 
vibrators  (1)  with  electrodes  (8,  9)  attached  onto  both 
surfaces  thereof  and  one  or  two  acoustic  matching  layers  (3, 
6)  which  are  provided  on  the  surface  of  one  electrode  (8)  of 
the  piezoelectric  vibrator.  One  of  the  acoustic  matching 
layers  is  made  of  thermosetting  resin  such  as  epoxy  resin 
mixed  with  carbonyl  group  material.  A  backing  load  member 
(2)  which  is  made  of  epoxy  resin  or  rubber  material  mixed 
with  microspheres  and  metal  or  insulator  powder  is  provided 
on  the  surface  of  the  other  electrode  (9)  of  the  piezoelectric 
vibrator.  A  filler  material  (5)  which  is  made  of  rubber  material 
or  thermosetting  resin  is  filled  between  each  of  said 
piezoelectric  vibrators. 



T h i s   i n v e n t i o n   r e l a t e s   to   an  u l t r a s o n i c   p r o b e   w h i c h   i s  

u s e d   f o r   an  u l t r a s o n i c   m e d i c a l   d i a g n o s t i c   a p p a r a t u s   and   w h i c h  

s e r v e s   as  a  t r a n s m i t t e r   and  r e c e i v e r   of   a  s o u n d   w a v e .  

T h e r e   a r e   v a r i o u s   t y p e s   o f   u l t r a s o n i c   d i a g n o s t i c  

a p p a r a t u s ,   and  h e n c e ,   v a r i o u s   t y p e s   of  u l t r a s o n i c   p r o b e s   f o r  

v a r i o u s   p u r p o s e s .   As  r e p r e s e n t a t i v e   u l t r a s o n i c   p r o b e s ,  

t h e r e   i s   an  a r r a y - t y p e   u l t r a s o n i c   p r o b e   in   w h i c h   m u l t i p l e  

s t r i p s   of   m i c r o   p i e z o e l e c t r i c   v i b r a t o r s   a r e   a r r a y e d   on  a  

s t r a i g h t   l i n e .  

The  a r r a y - t y p e   u l t r a s o n i c   p r o b e   i s   c o m p o s e d   of   m u l t i p l i -  

c i t y   o f   s t r i p s   of  p i e z o e l e c t r i c   v i b r a t o r s   w i t h   e l e c t r o d e s  

a t t a c h e d   o n t o   b o t h   s u r f a c e s .   P i e z o e l e c t r i c  c e r a m i c   or   t h e  

l i k e   i s   u s e d   f o r   t h e   p i e z o e l e c t r i c   v i b r a t o r   and  t h o s e  

p i e z o e l e c t r i c   v i b r a t o r s   w i t h   e l e c t r o d e s   a r e   s e t   in   a r r a y .   On 

t h e   e l e c t r o d e   of   t h e   p i e z o e l e c t r i c   v i b r a t o r   on  t h e   s i d e   of   a n  

o b j e c t   to   be  e x a m i n e d   an  a c o u s t i c   m a t c h i n g   l a y e r   i s   f o r m e d   a n d ,  

i f   n e c e s s a r y ,   an  a c o u s t i c   l e n s   i s   d i s p o s e d   t h e r e o n .   On  t h e  

s u r f a c e   of   t h e   p i e z o e l e c t r i c   v i b r a t o r   c o n t r a r y   to   t h e   o b j e c t  

t o   be  e x a m i n e d   a  b a c k i n g   l o a d   m e m b e r   i s   p r o v i d e d .  

The  a c o u s t i c   m a t c h i n g   l a y e : r   c o n s i s t s   of  one  or   t w o  

l a y e r s   made  of   g l a s s   o r   e p o x y   r e s i n   w h i c h   i s   m i x e d   w i t h  

t u n g s t e n   p o w d e r .   When  t h e   a c o u s t i c   m a t c h i n g   l a y e r   made  o f  

t h e s e   m a t e r i a l s   i s   a t t a c h e d   to   <the  p i e z o e l e c t r i c   v i b r a t o r ,   a n  

a d h e s i v e   s h o u l d   be  made  e v e n   a n d   t h i n ,   and  when  t h e   u l t r a s o n i c  

p r o b e   i s   o p e r a t e d   w i t h   h i g h - f r e q u e n c y   w a v e s ,   t h e   m a t c h i n g   l a y e r  



s h o u l d   be  made  v e r y   t h i n   to   a  d i e g r e e   of  t h e   o r d e r   of  s e v e r a l  

t e n s   o f   m i c r o n s ,   w h i c h   i s   e a s y   to   d a m a g e   and  makes   t h e  

m a n u f a c t u r e   of   t h e   u l t r a s o n i c   p r o b e   v e r y   d i f f i c u l t .  

The  b a c k i n g   l o a d   member   i s   g e n e r a l l y   made  of  e p o x y   r e s i n  

m i x e d   w i t h   t u n g s t e n   p o w d e r ,   r u b b e r   m a t e r i a l   m i x e d   w i t h   f e r r i t e  

p o w d e r ,   or   u r e t h a n e   r u b b e r   mixe-d   w i t h   h o l l o w   m i c r o s p h e r e s   o f  

p l a s t i c s   h a v i n g   a  d i a m e t e r   of   s e v e r a l   h u n d r e d s   m i c r o n s   o r  

b e l o w .   The  e p o x y   r e s i n   m i x e d   w i t h   t u n g s t e n   p o w d e r   i s   s u p e r i o r  

in   h a r d n e s s   c h a r a c t e r i s t i c s ,   b u t   h a s   s m a l l   a c o u s t i c   p r o p a g a t i o n  

l o s s   o f   s o u n d   wave .   On  t h e   c o n t r a r y ,   t h e   r u b b e r   m a t e r i a l  

m i x e d   w i t h   f e r r i t e   p o w d e r   i s   i n f e r i o r   in   h a r d n e s s   c h a r a c t e r i s t i c s .  

The  u r e t h a n e   r u b b e r   m i x e d   w i t h   t h e   h o l l o w   m i c r o s p h e r e s   o f  

p l a s t i c s   h a s   low  a c o u s t i c   i m p e d a n c e   in   c o m p a r i s o n   w i t h   s a i d  

e p o x y   r e s i n   or   r u b b e r   m a t e r i a l ,   and   w i d e - d y n a m i c   r a n g e   i s  

o b t a i n e d   b e c a u s e   of  s m a l l   d e t e r i o r a t i o n   of   s e n s i t i v i t y   f o r  

s o u n d   w a v e .   H o w e v e r ,   t h e   a c o u s t i c   p r o p a g a t i o n   l o s s   f o r   s o u n d  

wave   i s   s m a l l ,   a p p r o x i m a t e l y   2 . S   dB/mm  a t   3 .5   MHz. 

SUMMARY  OF  THE  I N V E N T I O N  

I t   i s   t h e r e f o r e   an  o b j e c t   t o   p r o v i d e   an  u l t r a s o n i c   p r o b e  

w h i c h   h a s   a c o u s t i c   m a t c h i n g   l a y e r   h a v i n g   h i g h   m e c h a n i c a l   s t r e n g t h  

to   p r e v e n t   d a m a g e   of   t h e   a c o u s t i c   m a t c h i n g   l a y e r .  

I t   i s   a n o t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o   p r o v i d e  

an  u l t r a s o n i c   p r o b e   f o r   h i g h   f r e q u e n c y   d r i v i n g   w h i c h   i s   e a s y  

to   m a n u f a c t u r e .  

I t   i s   a  f u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   to   p r o v i d e  

an  u l t r a s o n i c   p r o b e   w h i c h   i s   s m a l l   in   s i z e   and  l i g h t   i n  

w e i g h t .  

I t   i s   a  f u r t h e r   o b j e c t   of   t h e   p r e s e n t   i n v e n t i o n   t o  

p r o v i d e   an  u l t r a s o n i c   p r o b e   w h i c h   r e p r o d u c e s   an  i m a g e   w i t h  



h i g h   r e s o l u t i o n   by  r e d u c i n g   c r o s s t a l k s   b e t w e e n   t h e   p i e z o -  

e l e c t r i c   e l e m e n t s .  

A c c o r d i n g   to   t he   p r e s e n t   i n v e n t i o n ,   an  u l t r a s o n i c   p r o b e  

is   p r o v i d e d   w h i c h   c o m p r i s e s   a  p l u r a l i t y   of  p i e z o e l e c t r i c  

v i b r a t o r s   f o r   t r a n s m i t t i n g   and  r e c e i v i n g   u l t r a s o u n d   w a v e ,   a  

b a c k i n g   l o a d   member   w h i c h   is  p r o v i d e d   on  one   s u r f a c e   of   s a i d  

p i e z o e l e c t r i c   v i b r a t o r s ,   an  a c o u s t i c   m a t c h i n g   l a y e r   w h i c h   i s  

p r o v i d e d   on  a n o t h e r   s u r f a c e s   of  s a i d   p i e z o e l e c t r i c   v i b r a t o r s ,  

and  a  p l u r a l i t y   of  f i l l e r s   whic:h  a r e   f i l l e d   b e t w e e n   s a i d  

p l u r a l i t y   of  p i e z o e l e c t r i c   v i b r a t o r s .   The  b a c k i n g   l o a d  

m e m b e r   i s   c o m p o s e d   of   e p o x y   r e s i n   or   r u b b e r   m a t e r i a l   w h i c h  

a r e   e s s e n t i a l l y   i n c l u d i n g   m e t a l   or   i n s u l a t o r   p o w d e r s   a n d  

h o l l o w   m i c r o s p h e r e s   o f   p l a s t i c s .   The  a c o u s t i c   m a t c h i n g  

l a y e r   c o n s i s t s   of   one  o r  m o r e   l a y e r ,   and   t h e   a c o u s t i c  

i m p e d a n c e   l a y e r   on  t h e   s i d e   of  an  o b j e c t   to   be  e x a m i n e d   i s  

made  o f   t h e r m o s e t t i n g   r e s i n   m i x e d   w i t h   c a r b o n y l   g r o u p   m a t e r i a l .  

The  f i l l e r   i s   made  of  e p o x y   r e s i n   w h i c h   i s   m i x e d   w i t h   p o w d e r s  

as  o c a s i o n   d e m a n d s .   The  m a t e r i a l   o f  t h e   f i l l e r   i s   s u b s t i t u t a b l e  

w i t h   r u b b e r   m a t e r i a l   or   t h e r m o s e t t i n g   r e s i n   w h i c h   a r e   m i x e d  

w i t h   m e t a l   p o w d e r s   o r   i n s u l a t o r   p o w d e r s   and   h o l l o w   m i c r o s p h e r e s  

of   p l a s t i c s .  

BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

T h i s   and   o t h e r   o b j e c t s   as  w e l l   as  a d v a n t a g e s   of   t h e   p  

p r e s e n t   i n v e n t i o n   w i l l   become  c l e a r   by  t h e   f o l l o w i n g   d e s c r i p t i o n  

of   a  p r e f e r r e d   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n   w i t h  

r e f e r e n c e   to   t h e   a c c o m p a n y i n g   d r a w i n g s ,   w h e r e i n :  

F i g .   1  i s   a  p e r s p e c t i v e   v i e w   of   a  c o n v e n t i o n a l   u l t r a s o n i c  

p r o b e ;  

F i g .   2  i s   a  p e r s p e c t i v e   v i e w   of   an  e m b o d i m e n t   of   a n  



u l t r a s o n i c   p r o b e   a c c o r d i n g   to  t h e   p r e s e n t   i n v e n t i o n ;  

F i g .   3  i s   a  c r o s s - s e c t i o n a l   v iew  t a k e n   a l o n g   t h e   l i n e  

A-A  o f   F i g .   2 ;  

F i g .   4  i s   a  p e r s p e c t i v e   v i ew  of  a n o t h e r   e m b o d i m e n t   o f  

an  u l t r a s o n i c   p r o b e   a c c o r d i n g   t o   t h e   p r e s e n t   i n v e n t i o n ;   a n d  

F i g .  5   i s   a  c r o s s - s e c t i o n a l   v i e w   t a k e n   a l o n g   t h e   l i n e  

B-B  o f   F i g .   4 .  

DETAILED  DESCRIPTION  OF  THE  INVENTION 

B e f o r e   d e s c r i p t i o n   of  the   i n v e n t i o n ,   a  c o n v e n t i o n a l  

u l t r a s o n i c   p r o b e   w i l l   be  e x p l a i n e d   w i t h   r e f e r e n c e   to   t h e  

d r a w i n g   f o r   a  b e t t e r   u n d e r s t a n d i n g   of   t h e   i n v e n t i o n .  

F i g .   1  s h o w s   an  e x a m p l e   of  a  s t r u c t u r e   o f   an  c o n v e n t i o n a l  

u l t r a s o n i c   p r o b e .   On  t h e   o p p o s i t e   s i d e   to   an  o b j e c t   t o   b e  

e x a m i n e d   o f   a  p i e z o e l e c t r i c   v i b . r a t o r   101  w h i c h   i s   made  o f  

p i e z o e l e c t r i c   c e r a m i c   or   the   l i k e ,   a  b a c k i n g   l o a d   member   1 0 2  

f o r   e x p a n d i n g   t h e   f r e q u e n c y   w i d t h   of  u l t r a s o n i c   w a v e s   a n d  

o b t a i n i n g   t h e   m e c h a n i c a l   s t r e n g t h   of  t h e   u l t r a s o n i c   p r o b e   i s  

p r o v i d e d   t h r o u g h   an  e l e c t r o d e   (mot  s h o w n ) .  

As  t h e   b a c k i n g   l o a d   member  102  a  r u b b e r   m a t e r i a l   m i x e d  

w i t h   f e r r i t e   p o w d e r   o r   a  p l a s t i c   m a t e r i a l   m i x e d   w i t h   t u n g s t e n  

p o w d e r   i s   u s e d .   On  t h e   s i d e   o f _ t h e   o b j e c t   to   be  e x a m i n e d   o f  

t h e   p i e z o e l e c t r i c   v i b r a t o r   101,   one  or   two  a c o u s t i c   m a t c h i n g  

l a y e r s   1 0 3 ,   106  f o r   e f f i c i e n t l y   l e a d i n g   a  s o u n d   wave  to   t h e  

o b j e c t   t o   be  e x a m i n e d   a r e  p r o v i d e d   on  a n o t h e r   e l e c t r o d e .  

F u r t h e r ,   on  t h e s e   l a y e r s   an  a c o u s t i c   l e n s   107  i s   p r o v i d e d .  

N u m e r a l   105  r e p r e s e n t s   a  f i l l e r   m a t e r i a l   w h i c h   i s   f i l l e d   i n  

a  gap   b e t w e e n   t h e   p i e z o e l e c t r i c   v i b r a t o r s   1 0 1 .   N u m e r a l   1 0 8  

r e p r e s e n t s   a  s o u n d   wave  e m a n a t e d   f rom  t h e   u l t r a s o n i c   p r o b e .  

A  m a t e r i a l   s u c h   as  g l a s s   or   e p o x y   r e s i n   m i x e d   w i t h   t u n g s t e n  



p o w d e r   i s   u s e d   as  a  m a t e r i a l   f o r   t h e   a c o u s t i c   m a t c h i n g   l a y e r  

103  on  t h e   s i d e   of   t h e   p i e z o e l e c t r i c   v i b r a t o r   101  and  e p o x y  

r e s i n   i s   u s e d   as  a  m a t e r i a l   f o r   t h e   a c o u s t i c   m a t c h i n g   l a y e r  

106  on  t h e   s i d e   of  t h e   o b j e c t   t o   be  e x a m i n e d .   The  a c o u s t i c  

i m p e d a n c e   of  t h e s e   m a t e r i a l s   i s ,   g e n e r a l l y ,   8  -   15  x  105  g / c m 2 . s  

in  t h e   a c o u s t i c   m a t c h i n g   l a y e r   103  on  t h e   s i d e   of   p i e z o e l e c t r i c  

v i b r a t o r   101  ( h e r e i n u n d e r   " t h e   f i r s t   m a t c h i n g   l a y e r " )   a n d  

2  -   4  x  105  g / c m 2 . s   in  t h e   a c o m s t i c   m a t c h i n g   l a y e r   106  o n  

t h e   s i d e   of  t h e   o b j e c t   to  be  e x a m i n e d   ( h e r e i n u n d e r   " t h e  

s e c o n d   a c o u s t i c   m a t c h i n g   l a y e r " ) .   The  t h i c k n e s s   of   t h e   f i r s t  

and  t h e   s e c o n d   a c o u s t i c   m a t c h i n g   l a y e r s   103,   106  i s   g e n e r a l l y  

e q u a l   to   a  q u a r t e r   w a v e l e n g t h   o f   t h e   s o u n d   wave  w h i c h   t r a v e l s  

e a c h   a c o u s t i c   m a t c h i n g   l a y e r .  

I f   g l a s s   i s   u s e d   as  a  m a t e r i a l   f o r   t h e   f i r s t   m a t c h i n g  

l a y e r   103 ,   t h e   a c o u s t i c   i m p e d a n c e   i s   1 1  -   15  x  105  g / c m 2 . s ,  

w h i c h   i s   an  a p p r o p r i a t e   v a l u e   f r o m   t he   v i e w p o i n t   of   a c o u s t i c  

i m p e d a n c e   m a t c h i n g ,   b u t   t h e   p r o b e   i s   m e c h a n i c a l l y   w e a k .  

T h e r e f o r e   an  u l t r a s o n i c   p r o b e   i n   w h i c h   g l a s s   i s   u s e d   f o r   t h e  

f i r s t   m a t c h i n g   l a y e r   d i s a d v a n t a g e o u s l y   b r i n g s   a b o u t   a  p r o b l e m  

s u c h   as   d i f f i c u l t y   i n   m a n u f a c t u r i n g   or   d e c r e a s e   i n   t h e   y i e l d .  

On  t h e   o t h e r   h a n d ,   when  a  e p o x y   r e s i n   m i x e d   w i t h   t u n g s t e n  

p o w d e r   i s   u s e d   f o r   t h e   f i r s t   m a t c h i n g   l a y e r   3,  t h e   a c o u s t i c  

i m p e d a n c e   can   be  f r e e l y   s e l e c t e d   ( 8  -   15  x  1 0   g / c m 2 . s ) ,   a n d  

t h e   p r o b e   i s   m e c h a n i c a l l y   s t r o n g .   H o w e v e r ,   s i n c e   t h e   v e l o c i t y  

of   s o u n d   of  t h i s   m a t e r i a l   i s   as  s l o w   as  1 6 0 0 m / s e c ,   t h e   m a t c h i n g  

l a y e r   s h o u l d   be  made  v e r y   t h i n   w h e n   t h e   u l t r a s o n i c   p r o b e   i s  

o p e r a t e d   w i t h   h i g h - f r e q u e n c y   w a v e s ,   f o r   e x a m p l e ,   80  m i c r o n   w h e n  

t h e   f r e q u e n c y   i s  5   MHz,  w h i c h   m a k e s   t h e   m a n u f a c t u r e   o f   t h e  

u l t r a s o n i c   p r o b e   v e r y   d i f f i c u l t .  



The  f i l l e r   105  i s   p r o v i d e d   f o r   a c o u s t i c a l l y   c o u p l i n g  

s a i d   p i e z o e l e c t r i c   v i b r a t o r s   101   d i s c o n t i n u o u s l y   to   p r e v e n t  

a c o u s t i c   c r o s s t a l k   b e t w e e n   the   p i e z o e l e c t r i c   v i b r a t o r s   1 0 1 .  

F o r   t h i s   p u r p o s e ,   a d h e s i v e   of  e p o x y   r e s i n   w h i c h   h a s   s m a l l  

a c o u s t i c   i m p e d a n c e   of  a b o u t   3  x   1 0   g / c m 2 . s   i s   u s e d .  

H o w e v e r ,   t h e   a d h e s i v e   105  l e a k s   t h e   u l t r a s o n i c   w a v e  

a p p r o x i m a t e l y   1 5  -   26%  f rom  one:  p i e z o e l e c t r i c   v i b r a t o r   t o  

n e i g h b o u r   p i e z o e l e c t r i c   v i b r a t o r .   F u r t h e r m o r e ,   t h e  

a d h e s i v e   105  h a s   s m a l l   wave  p r o p a g a t i o n   l o s s   of   1  dB/mm  a t  

3 .0   MHz.  T h e r e f o r e ,   t he   a d h e s i v e   105  of   e p o x y   r e s i n   c a n n o t  

p r e v e n t   t h e   c r o s s t a l k   s u f f i c i e n t l y .  

F i g s .   2  and  3  a r e   a  p e r s p e c t i v e   v i e w   and  c r o s s - s e c t i o n a l  

v i e w   of   an  e m b o d i m e n t   of  an  u l t r a s o n i c   p r o b e   a c c o r d i n g   t o  

t h e   i n v e n t i o n .  

An  e l e c t r o d e   t e r m i n a l s   a re   b o n d e d   to   an  e l e c t r o d e   9  o f  

a  p i e z o e l e c t r i c   v i b r a t o r   1  by  s o l d e r i n g   or   t h e   l i k e ,   a n d  

t h e   b a c k i n g   l o a d   member   2  i s   b o n d e d   o n t o   t h e   s u r f a c e   of  t h e  

e l e c t r o d e   9.  T h e n ,   a  m a t e r i a l   f o r   t h e   f i r s t   m a t c h i n g   l a y e r  

3  i s   p r o v i d e d   by  a d h e s i v e   or  p o u r i n g   o n t o   a  common  e l e c t r o d e   8 

t o   f o r m   i n t o   t h e   t h i c k n e s s   of  a  q u a r t e r   w a v e l e n g t h .   T h i s  

m a t e r i a l   f o r   t h e   f i r s t   m a t c h i n g   l a y e r   3  i s   c o m p o s e d   o f  

e s s e n t i a l l y   t h e r m o s e t t i n g   r e s i n   m i x e d   w i t h   p o w d e r   o f   c a r b o n y l  

g r o u p   m a t e r i a l .   Fo r   i n s t a n c e ,   i n   t h e   c a s e   of   wave   a b s o r b i n g  

m a t e r i a l   of  e p o x y   r e s i n   m i x e d   w i t h   i r o n   c a r b o n y l   p r o d u c e d   b y  

E m e r s o n   and  Cumming  Company  ( E C C O S O R B C R - 1 2 4 ) ,   t h e   a c o u s t i c  

i m p e d a n c e   i s   11  x  105  g / c m 2 . s ,   t h e   v e l o c i t y   of   s o u n d   i s   2 5 0 0  

m / s e c   and  i t   c u r e s   in  12  h o u r s   a t   6 0 ° C .  

The  p i e z o e l e c t r i c   v i b r a t o r   1  and   t h e   f i r s t   m a t c h i n g   l a y e r  

3  i s   d i v i d e d   i n t o   a  p l u r a l i t y   o f   p o r t i o n s   by  m a c h i n i n g   o r  



l a s e r - m a c h i n i n g   and  g a p s   t h u s   f o r m e d   a r e   f i l l e d   w i t h   a  f i l l e r  

m a t e r i a l   5  t h e   a c o u s t i c   i m p e d a n c e   of  w h i c h   i s   s m a l l ,   and   t h e  

a t t e n u a t i o n   of  s o u n d   wave  of  w h i c h   is   l a r g e .  

S u b s e q u e n t l y   a  s e c o n d   m a t c h i n g   l a y e r   6  of   a  t h i c k n e s s   o f  

a  q u a r t e r   w a v e l e n g t h   i s   f o r m e d   by  t h e   same  a d h e s i v e   or   p o u r i n g  

m e t h o d   as  in   t h e   f i r s t   m a t c h i n g   l a y e r   3.  The  s e c o n d   m a t c h i n g  

l a y e r   6  i s   made  of  a  m a t e r i a l   h a v i n g   a c o u s t i c   i m p e d a n c e   o f  

2 . 5   x  1 0  -   4  x  1 0 5  g / c m 2 . s ,   s u c h   as  e p o x y   r e s i n .   On  t h e  

s e c o n d   m a t c h i n g   l a y e r   6  an  a c o u s t i c   l e n s   7  s u c h   as  s i l i c o n e  

r u b b e r   i s   p r o v i d e d .  

The  b a c k i n g   l o a d   member   2  i s   made  of   e p o x y   r e s i n   m i x e d  

w i t h   t u n g s t e n   p o w d e r   and  h o l l o w   m i c r o s p h e r e   of   p l a s t i c s  

( h e r e a f t e r   c a l l e d   ' ' m i c r o b a l l o o n . " ) .   For   e x a m p l e   t h e   e p o x y  

r e s i n   m i x e d   w i t h   250  wt %  of  t u n g s t e n   p o w d e r   and   3  wt  %  o f  

m i c r o b a l l o n   has   t h e   f o l l o w i n g   a d v a n t a g e o u s   p r o p e r t i e s .  

A c o u s t i c   i m p e d a n c e   :  3  x  105  g / c m 2 . s  

A c o u s t i c   p r o p a g a t i o n   l o s s  :   26  dB/mm  a t   3MHz.  

S h o r e   h a r d n e s s   D  :  more  t h a n   8 5  

The  f i l l e r   m a t e r i a l   5  i s   c o m p o s e d   of   a  m a t e r i a l   s u c h   a s  

e p o x y   r e s i n ,   w h i c h   may  be  a d a p t a b l e   of   t h e   a d h e s i v e   f o r   t h e  

s e c o n d   a c o u s t i c   m a t c h i n g   l a y e r   6 ,   o r   e p o x y   r e s i n   m i x e d   w i t h  

s i l i c o n   c a r b i d e   p o w d e r .  

As  d e s c r i b e d   a b o v e ,   t h i s   i n v e n t i o n   i n t r o d u c e s   e p o x y  

r e s i n   m i x e d   w i t h   i r o n   c a r b o n y l ,   w h i c h   can   be  p o u r e d   and  s e t  

a t   a  t e m p e r a t u r e   n o t   h i g h e r   t h a n   1 0 0 ° C ,   as  a  m a t e r i a l   f o r  

t h e   f i r s t   m a t c h i n g   l a y e r   3,  i t   i s   p o s s i b l e   to   e a s i l y   o b t a i n  

an  u l t r a s o n i c   p r o b e   of   h i g h   e f f i c i e n c y   and   u n i f o r m   p r o p e r t i e s .  

In  a d d i t i o n ,   t h i s   m a t e r i a l   has   t h e   a c o u s t i c   i m p e d a n c e   of   11  x  

10 5  g / c m 2 . s ,   w h i c h   s a t i s f i e s   t h e   a c o u s t i c   m a t c h i n g   c o n d i t i o n  



and  i n c r e a s e s   e f f i c i e n c y .   F u r t h e r m o r e ,   t h e   h i g h   v e l o c i t y   o f  

s o u n d   of  2500  m / s e c   a l l o w s   t h e   u l t r a s o n i c   p r o b e   w i t h   a  

f r e q u e n c y   of   as  h i g h   as  5  MHz  t o   be  made  as  t h i c k   as  1 2 5  

m i c r o n ,   w h i c h   i s   t h i c k   e n o u g h   t o   be  f o r m e d   e a s i l y ,   a n d  

h e i g h t e n s   r e l i a b i l i t y   in  m e c h a n . i s m .  

To  a v o i d   u n n e c e s s a r y   r e f l e c t i o n   of  s o u n d   wave  f r o m   t h e  

s u r f a c e   of   t h e   b a c k i n g   l o a d   m e m b e r   2  and  to   o b t a i n   w i d e  

d y n a m i c   r a n g e ,   i t   i s   d e s i r a b l e   to  u se   a  m a t e r i a l   h a v i n g   l a r g e  

a c o u s t i c   p r o p a g a t i o n   l o s s   as  th .e   b a c k i n g   l o a d   m e m b e r .   T h e  

a f o r e m e n t i o n e d   m a t e r i a l   f o r   t h e   b a c k i n g   l o a d   member   2  has   t h e  

a c o u s t i c   p r o p a g a t i o n   l o s s   of   26  dB/mm  a t   3  MHz,  w h i c h   r e s u l t s  

to   o b t a i n   t h e   d y n a m i c   r a n g e   of  more   t h a n   150  dB.  F u r t h e r m o r e ,  

t h i s   m a t e r i a l   a l l o w s   to  l o w e r   t h e   t h i c k n e s s   of  t h e   b a c k i n g  

l o a d   m e m b e r   2  to   2 .9   mm  or   more   to   a v o i d   u n n e c e s s a r y   r e f l e c t i o n .  

As  a  r e s u l t ,   r e m a r k a b l e   m i n i a t u r i z a t i o n   a n d  l i g h t   w e i g h t i n g  

of   t h e   u l t r a s o n i c   p r o b e   a r e   r e a l i z e d   in   c o m p a r i s o n   w i t h   t h e  

c o n v e n t i o n a l   one  w h i c h   u t i l i z e   u r e t h a n e   r u b b e r   or   r u b b e r  

m a t e r i a l   w i t h   f e r r i t e   p o w d e r   as  t h e   b a c k i n g  l o a d   m e m b e r .  

The  f i l l e r   m a t e r i a l   5  of   a f o r e m e n t i o n e d   e p o x y   r e s i n   o r  

e p o x y   r e s i n   m i x e d   w i t h   s i l i c o n   c a r b i d e   p o w d e r   s u p p r e s s  

u n n e c e s s a r y   t r a n s v e r s e   v i b r a t i o m   and  a t t e n u a t e   a c o u s t i c  

c r o s s t a l k   b e t w e e n   t h e   p i e z o e l e c t r i c   v i b r a t o r s   l .  

F i g s .   4  and  5  a r e   a  p e r s p e c t i v e   v i e w   and  c r o s s - s e c t i o n a l  

v i e w   o f   a n o t h e r   e m b o d i m e n t   of  t h e   p r e s e n t   i n v e n t i o n .   I n  

t h e s e   f i g u r e ,   l i k e   r e f e r e n c e   n u m e r a l s   of   t h o s e   of   F i g s .   2  a n d  

3  d e n o t e   l i k e   e l e m e n t s .   In  t h i s   e m b o d i m e n t ,   t h e   p i e z o e l e c t r i c  

v i b r a t o r   1  i s   d e v i d e d   i n t o   a  p l u r a l i t y   o f   p o r t i o n s ,   b u t   t h e  

f i r s t   a c o u s t i c   m a t c h i n g   l a y e r   3  i s   n o t   d e v i d e d   w h i c h   i s  

d i f f e r e n t   f r o m   t h e   e m b o d i m e n t   o f   F i g s .   2  and  3 .  



The  b a c k i n g   l o a d   member  2  is  e s s e n t i a l l y   c o m p o s e d   o f  

r u b b e r   m a t e r i a l   m i x e d   w i t h   m e t a l   p o w d e r   o r   i n s u l a t o r   m a t e r i a l  

and   m i c r o b a l l o o n .   For   e x a m p l e ,   s i l i c o n e   r u b b e r   m i x e d   w i t h  

200  w t  %  t u n g s t e n   p o w d e r   and  1 . 5   wt  %  of  p l a s t i c s   m i c r o b a l l o o n  

h a s   t h e   a c o u s t i c   i m p e d a n c e   of  1 . 1   x  1 0 -  5  g / cm  2 . s ,   and  l a r g e  

a c o u s t i c   p r o p a g a t i o n   l o s s   of   a p p r o x i m a t e l y   40  dB/mm  at  3  MHz. 

T h i s   m a t e r i a l   makes   i t   p o s s i b l e   to   t h i n   t h e   b a c k i n g   l o a d  

m e m b e r   to   1 . 5   mm  or   m o r e ,   w h e r e : i n   d y n a m i c   r a n g e   o f  

s i g n a l   i s   o b t a i n e d   by  a v o i d i n g   u n n e c e s s a r y   r e f l e c t i o n   o f  

s o u n d   w a v e s   f r o m   end  s u r f a c e   of  t h e   b a c k i n g   l o a d   m e m b e r .  

The  s e n s i t i v i t y   f o r   u l t r a s o n i c   wave  of   t h e   u l t r a s o n i c  

p r o b e   b e c o m e s   l a r g e   when  t he   a c o u s t i c   i m p e d a n c e   of  t h e   b a c k i n g  

l o a d   m e m b e r   2  i s   s m a l l .   By  a d j u s t i n g   t h e   a m o u n t   of  t h e  

m i x e d   t u n g s t e n   p o w d e r   and  t he   p l a s t i c   m i c r o b a l l o o n   in  t h e  

s i l i c o n e   r u b b e r   m a t e r i a l ,   t he   a c o u s t i c   p r o p a g a t i o n   l o s s   t h e r e o f  

i s   a d j u s t a b l e   b e t w e e n   3 5  -   50  dB/mm,   a n d " t h e   a c o u s t i c   i m p e d a n c e  

t h e r e o f   i s   a d j u s t a b l e   b e t w e e n   0 . 7   x  1 0 5  -   2  x  105  g / c m 2 . s .  

The  a m o u n t   of  t h e   m i x e d   t u n g s t e : n   and  t h e   p l a s t i c   m i c r o b a l l o o n  

i s   a l s o   a d j u s t a b l e   by  c h a n g i n g   t h e   p a r t i c l e   d i a m e t e r   t h e r e o f .  

The   b a c k i n g   l o a d   member   2  i s   m a n u f a c t u r e d   by  p o u r i n g  

t h e   m a t e r i a l   o r   by  s t i c k i n g   p r e f o r m e d   b l o c k   o f   t h e   b a c k i n g   l o a d  

m e m b e r   t o   t h e   p i e z o e l e c t r i c   v i b r a t o r   1.  The  b a c k i n g   l o a d  

m a t e r i a l   of   t h e   e m b o d i m e n t   i s   a l s o   a p p l i c a b l e   t o   t h e   s t r u c t u r e  

shown  i n   F i g s   2  and   3 .  

I t   i s   a l s o   p o s s i b l e   to  use   u r e t h a n e   r u b b e r ,   b u t y l   r u b b e r ,  

c h l o r o p r e n e   r u b b e r   and  so  on  as  a  m o t h e r   m a t e r i a l   of   t h e  

b a c k i n g   l o a d   member   2  in   p l a c e   o f   t h e   s i l i c o n e   r u b b e r .  

S i m i l a r l y ,   t h e   t u n g s t e n   p o w d e r   m i x e d   t o   t h e   r u b b e r  

m a t e r i a l   o f   t h e   b a c k i n g   l o a d   m a t e r i a l   i s   a l s o   s u b s t i t u t a b l e  



w i t h   m o l y b d e n u m   p o w d e r ,   l e a d   p o w d e r ,   n i c k e l   p o w d e r ,   i r o n  

p o w d e r ,   z i n c   p o w d e r ,   f e r r i t e   p o w d e r ,   t u n g s t e n   c a r b i d e   p o w d e r ,  

and  s i l i c o n   c a r b i d e   p o w d e r .   The  m e t a l   p o w d e r   and  t h e   i n s u l a t o r  

p o w d e r ,   s u c h   as  t u n g s t e n   p o w d e r   and  s i l i c o n   c a r b i d e   p o w d e r ,  

a r e   p o s s i b l e   to   be  m i x e d   t o g e t h e r   i n t o   t h e   r u b b e r   m a t e r i a l   w i t h  

t he   m i c r o b a l l o o n .  

The  b a c k i n g   l o a d   member   2  of  t h i s   e m b o d i m e n t   h a s   s m a l l  

a c o u s t i c   i m p e d a n c e   so  t h a t   l i t t l e   t r a n s m i t t e d   and  r e c e i v e d  

s i g n a l s   p r o p a g a t e   to   t h e   b a c k i n g   l o a d   member   2.  As  a  r e s u l t ,  

t h e   s e n s i t i v i t y   i s   p r e v e n t e d   f r o m   d e t e r i o r a t i o n   and  w i d e  

d y n a m i c   r a n g e   can   be  o b t a i n e d .   In  a d d i t i o n   to  t h i s ,   l a r g e  

a c o u s t i c   p r o p a g a t i o n   a t t e n u a t i o n   of  the   b a c k i n g   l o a d   m e m b e r  

2  a l l o w s   t o   f o r m   t h e   b a c k i n g   l o a d   member   2  v e r y   t h i n ,   a n d  

t h e r e f o r e   t h e   u l t r a s o n i c   p r o b e   can  be  m i n i a t u r i z e d .  

The  f i l l e r   m a t e r i a l   5  may  .be  s u b s t i t u t e d   by  a  r u b b e r  

m a t e r i a l   m i x e d   w i t h   p o w d e r s   of  m e t a l   or   i n s u l a t o r   and  p l a s t i c  

m i c r o b a l l o o n s .   For   e x a m p l e ,   s i l i c o n e   r u b b e r   c o n t a i n i n g   2 0 0  

wt  %  o f   t u n g s t e n   p o w d e r s   and  1 . 5   wt  %  of   p l a s t i c   m i c r o b a l l o o n  

r e p r e s e n t s   t h e   a c o u s t i c   i m p e d a n c e   of   1 . 0 6   x  105  g / c m 2 . s   a n d  

t h e   a c o u s t i c   p r o p a g a t i o n   l o s s   o f   a p p r o x i m a t e l y   40  dB/mm  a t  

3  MHz.  When  t h i s   f i l l e r   m a t e r i a l   5  i s   i n s e r t e d   b e t w e e n  

p i e z o e l e c t r i c   v i b r a t o r   1  of  PZT  c e r a m i c s   w h i c h   h a s   t h e  

a c o u s t i c   i m p e d a n c e   of   20  x  1 0 5  -   35  x  1 0   g / c m 2 · s ,   a c o u s t i c  

t r a n s m i s s i o n   c o e f f i c i e n t   b e t w e e n   t h e   p i e z o e l e c t r i c   v i b r a t o r   1 

and  t h e   f i l l e r   m a t e r i a l   5  i s   a p p r o x i m a t e l y   6  -   10%,  so  t h a t  

a c o u s t i c   c r o s s t a l k   i s   e x t r e m e l y   r e d u c e d .   F u r t h e r m o r e ,   t h e  

a c o u s t i c   c r o s s t a l k   r e s u l t e d   f r o m   t h e   s m a l l   a c o u s t i c  

t r a n s m i s s i o n   c o e f f i c i e n t   of  6  -   10%  i s   p r a c t i c a l l y   a t t e n u a t e d  

in  t h e   f i l l e r   m a t e r i a l   5,  b e c a u s e   t h e   f i l l e r   m a t e r i a l   5  o f  



of  t h e   a b o v e m e n t i o n e d   m a t e r i a l   has   a c o u s t i c   p r o p a g a t i o n   l o s s  

of  40  dB/mm  a t   3  MHz  w h i c h   is   a p p r o x i m a t e l y   40  t i m e s   l a r g e r  

t h a n   t h a t   of  c o n v e n t i o n a l   f i l l e r   of  e p o x y   r e s i n   b i n d e r .   As  

a  r e s u l t ,   no  a c o u s t i c   c r o s s t a l k   i s   e x i s t e d   b e t w e e n   t h e  

p i e z o e l e c t r i c   v i b r a t o r   1,  and  u l t r a s o n i c   i m a g e   w i t h   h i g h  

a z i m u t h   r e s o l u t i o n   i s   o b t a i n e d .  

The  a c o u s t i c   i m p e d a n c e   and.  a c o u s t i c   p r o p a g a t i o n   l o s s   o f  

t h e   f i l l e r   m a t e r i a l   5  a r e   a d j u s t a b l e   by  a d j u s t i n g   t h e  

a m o u n t s   of  t h e   m i x e d   t u n g s t e n   p o w d e r s   and  p l a s t i c   m i c r o b a l l o o n s .  

For   e x a m p l e ,   t h e   s i l i c o n e   r u b b e r   m i x e d   w i t h   100  wt  %  of  t u n g s t e n  

p o w d e r s   and  2  wt  %  of   p l a s t i c   m i c r o b a l l o o n s   has   a c o u s t i c  

i m p e d a n c e   of  0 . 7   x  105  g / c m 2 . s   and  a c o u s t i c   p r o p a g a t i o n   l o s s  

of  50  dB/mm  a t   3  MHz.  The  s i l i c o n e   r u b b e r   m i x e d   w i t h   400  w t  

% of   t u n g s t e n   p o w d e r s   a n d  0 . 8   w t  %  of  p l a s t i c   m i c r o b a l l o o n s  

has   a c o u s t i c   i m p e d a n c e   of  2  x   1 0   g / c m 2 . s   and  a c o u s t i c  

p r o p a g a t i o n   l o s s   of  35  dB/mm  a t  3   MHz.  As  d e s c r i b e d   a b o v e ,  

a c o u s t i c   i m p e d a n c e   and  a c o u s t i c   p r o p a g a t i o n   l o s s   of   t h e  

s i l i c o n e   r u b b e r   m i x e d   w i t h   t he   t u n g s t e n   p o w d e r s   and  p l a s t i c  

m i c r o b a l l o o n   a r e   c o n t r o l a b l e   by  a d j u s t i n g   t h e   m i x i n g   r a t i o  

of   t h e   t u n g s t e n   p o w d e r s   and  p l a s t i c   m i c r o b a l l o o n s .  

The   s i l i c o n e   r u b b e r   of   t h e   f i l l e r   m a t e r i a l   5  i s   s u b s t i t u -  

t a b l e   w i t h   o t h e r   r u b b e r - s u c h   as  u r e t h a n e   r u b b e r ,   b u t y l   r u b b e r  

and  c h l o r o p r e n e   r u b b e r ,   or   t h e r m o s e t t i n g   r e s i n   s u c h   as  e p o x y  

r e s i n   and  u r e t h a n e   r e s i n .  

F u r t h e r m o r e ,   t h e   t u n g s t e n   p o w d e r   i s   s u b s t i t u t e d   b y  

t a n t a l u m   p o w d e r ,   f e r r i t e   p o w d e r ,   z i n c   p o w d e r ,   s i l i c o n e  

c a r b i d e   p o w d e r ,   t u n g s t e n   c a r b i d e   p o w d e r   and  i r o n   p o w d e r .  

M e t a l   p o w d e r   and   i n s u l a t o r   p o w d e r ,   s u c h   as  t u n g s t e n   p o w d e r  

and  s i l i c o n   c a r b i d e   p o w d e r ,   a r e   p o s s i b l e   to   be  m i x e d  



t o g e t h e r .   The  f i l l e r   m a t e r i a l   of   t h e   e m b o d i m e n t   i s   a l s o  

a p p l i c a b l e   to  t h e   s t r u c t u r e   s h o w n   in  F i g s .   2  and  3 .  

In  t h e   p r e s e n t   i n v e n t i o n ,   t h e   p i e z o e l e c t r i c   v i b r a t o r s   1 

may  be  a r r a n g e d   n o t   o n l y   in  s t r a i g h t   l i n e   b u t   a l s o   in  a r c  

l i n e   o r   m a t r i x   f i g u r e .  



1.  An  u l t r a s o n i c   p r o b e   c o m p r i s i n g :  

a  p l u r a l i t y   of  p i e z o e l e c t r i c   v i b r a t o r s   (1)  a r r a n g e d  

in  s e q u e n c e .   e a c h   of  w h i c h   has   e l e c t r o d e s   ( 8 , 9 )   a t t a c h e d  

o n t o   b o t h   s u r f a c e s   t h e r e o f .  

a  b a c k i n g   l o a d   member   (2)  p r o v i d e d   on  t h e   s u r f a c e   o f  

one  e l e c t r o d e   (9)  of  s a i d   p i e z o e l e c t r i c   v i b r a t o r ,  

a  f i r s t   a c o u s t i c   m a t c h i n g   l a y e r   (3)  p r o v i d e d   on  t h e  

s u r f a c e   of  o t h e r   e l e c t r o d e   (S)  of  s a i d   p i e z o e l e c t r i c  

v i b r a t o r .  

a  s e c o n d   a c o u s t i c   m a t c h i n g   l a y e r   (6)   p r o v i d e d   o n  

s a i d   f i r s t   m a t c h i n g   l a y e r   ( 3 ) ,   a n d  

a  f i l l e r   m a t e r i a l   (5)   f i l l e d   b e t w e e n   e a c h   of  s a i d  

p i e z o e l e c t r i c   v i b r a t o r ,  

s a i d   b a c k i n g   l o a d   member   (2)  b e i n g   e s s e n t i a l l y   c o m p o s e d  

of  a  m a t e r i a l   s e l e c t e d   f r o m  a   g r o u p   of  e p o x y   r e s i n   a n d  

r u b b e r   m a t e r i a l   w h i c h   a r e   m ixed   w i t h   m i c r o s p h e r e s   a n d  

p o w d e r s   of  m e t a l   or  i n s u l a t o r ,   s a i d   f i r s t   a c o u s t i c   m a t c h i n g  

l a y e r   (3)  b e i n g   e s s e n t i a l l y   c o m p o s e d   of  e p o x y   r e s i n   m i x e d  

w i t h   c a r b o n y l   g r o u p   m a t e r i a l ,   and  s a i d   f i l l e r   m a t e r i a l   ( 5 )  

b e i n g   e s s e n t i a l l y   c o m p o s e d   of  a  m a t e r i a l   s e l e c t e d   f rom  a  

g r o u p   of  r u b b e r   m a t e r i a l   and  t h e r m o s e t t i n g   r e s i n .  

2.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   1,  w h e r e i n  

s a i d   f i r s t   a c o u s t i c   m a t c h i n g   l a y e r   (3)   i s   d i v i d e d   i n t o   a  

p l u r a l i t y   of  c o m p o n e n t s   in  c o r r e s p o n d e n c e   to   t h e   p l u r a l i t y  

of  p i e z o e l e c t r i c   v i b r a t o r s ,   and  s a i d   f i l l e r   m a t e r i a l   ( 5 )  

i s   f i l l e d   b e t w e e n   s a i d   d i v i d e d   f i r s t   a c o u s t i c   m a t c h i n g  

l a y e r .  

3.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   1  or  2,  w h e r e i n  

s a i d   b a c k i n g   l o a d   member   (2)   i s   e p o x y   r e s i n   m i x e d   w i t h  

t u n g s t e n   p o w d e r s   and  p l a s t i c   m i c r o s p h e r e s .  



4.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   1,  2  or  3 ,  

w h e r e i n   s a i d   f i l l e r   m a t e r i a l   (5)  i s   e p o x y   r e s i n   m i x e d  

w i t h   s i l i c o n   c a r b i d e   p o w d e r s .  

5.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  any  one  of  t h e  

p i e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   c a r b o n y l   g r o u p   m a t e r i a l  

i s   c a r b o n y l   i r o n .  

6.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   p l u r a l i t y   of  p i e z o e l e c t r i c  

v i b r a t o r s   (1)  a r e   a r r a n g e d   in  s t r a i g h t   l i n e   a r r a y .  

7.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to   5,  w h e r e i n   s a i d   p l u r a l i t y   of  p i e z o e l e c t r i c   v i b r a t o r s  

(1)  a r e   a r r a n g e d   in  a r c   l i n e   a r r a y .  

8.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  a n y  o n e   of  c l a i m s  

1  to   5,  w h e r e i n   s a i d   p l u r a l i t y   of  p i e z o e l e c t r i c   v i b r a t o r s  

a r e   a r r a n g e d   in  m a t r i x .  

9.  An  u l t r a s o n i c   p r o b e   c o m p r i s i n g :  

a  p i e z o e l e c t r i c   v i b r a t o r   (1)  w i t h   e l e c t r o d e s   ( 8 , 9 )  

a t t a c h e d   o n t o   b o t h   s u r f a c e s   t h e r e o f ,  

a  b a c k i n g   l o a d   member  (2)  p r o v i d e d   on  t h e   s u r f a c e   o f  

one  e l e c t r o d e   (9)  of  s a i d   p i e z o e l e c t r i c   v i b r a t o r ,   a n d  

one  or  more  l a y e r s ( 3 , 6 )   of  a c o u s t i c   m a t c h i n g   m a t e r i a l  

p r o v i d e d   on  t h e   s u r f a c e   of  o t h e r   e l e c t r o d e   (8)  of  s a i d  

p i e z o e l e c t r i c   v i b r a t o r   ( 1 ) ,  

w h e r e i n   s a i d   b a c k i n g   l o a d   member   (2)  i s   e s s e n t i a l l y  

c o m p o s e d   of  r u b b e r   m a t e r i a l   m i x e d   w i t h   m i c r o s p h e r e s   a n d  

p o w d e r s   of  m e t a l   or  i n s u l a t o r .  

10.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  a n y  o n e   of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   m i c r o s p h e r e s   a r e   p l a s t i c s  

m i c r o s p h e r e s .  



11.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  any  one  of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   p o w d e r   i s   one  or  m o r e  
s e l e c t e d   f rom  a  g r o u p   of  t u n g s t e n   p o w d e r ,   m o l y b d e n u m   p o w d e r ,  
l e a d   p o w d e r ,   n i c k e l   p o w d e r ,   i r o n   p o w d e r ,   z i n c   p o w d e r ,  
f e r r i t e   p o w d e r ,   t u n g s t e n   c a r b i d e   p o w d e r   and  s i l i c o n  

c a r b i d e   p o w d e r .  

12.  An  u l t r a s o n i c   p r o b e   c o m p r i s i n g :  

a  p i e z o e l e c t r i c   v i b r a t o r   (1)  w i t h   e l e c t r o d e s   ( 8 , 9 )  

a t t a c h e d   o n t o   b o t h   s u r f a c e s   t h e r e o f ,  

a  b a c k i n g   l o a d   member   (2)  p r o v i d e d   on  t h e   s u r f a c e   o f  

one  e l e c t r o d e   (9)  of  s a i d   p i e z o e l e c t r i c   v i b r a t o r .   a n d  

one  or  more   l a y e r s   ( 3 , b )   of  a c o u s t i c   m a t c h i n g   m a t e r i a l  

p r o v i d e d   on  t h e   s u r f a c e   of  o t h e r   e l e c t r o d e   (8)  of  s a i d  

p i e z o e l e c t r i c   v i b r a t o r ,  

w h e r e i n   a t   l e a s t   s a i d   p i e z o e l e c t r i c   v i b r a t o r   i s  

d i v i d e d   i n t o   a  p l u r a l i t y   of  c o m p o n e n t s   and  a  f i l l e r   m a t e r i a l  

(5)   b e i n g   f i l l e d   b e t w e e n   s a i d   d i v i d e d   p i e z o e l e c t r i c   v i b r a t o r ,  
s a i d   f i l l e r   m a t e r i a l   b e i n g   e s s e n t i a l l y   c o m p o s e d   of  a  
m a t e r i a l   s e l e c t e d   f rom  a  g r o u p   of  r u b b e r   m a t e r i a l   and  t h e r m o -  

s e t t i n g   r e s i n   e a c h   of  w h i c h   i s   m i x e d   w i t h   m i c r o s p h e r e s  

and  p o w d e r s   of  m e t a l   or  i n s u l a t o r .  

13.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in   any  one  of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   r u b b e r   m a t e r i a l   i s   o n e  
s e l e c t e d   f r o m   a  g r o u p   of  s i l i c o n e   r u b b e r ,   u r e t h a n e   r u b b e r  

b u t y l   r u b b e r   and  c h l o r o p r e n e   r u b b e r .  

14.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  any  one  of  t h e  

p r e c e d i n g   c l a i m s ,   w h e r e i n   s a i d   t h e r m o s e t t i n g   r e s i n   i s  

one  s e l e c t e d   f r o m   a  g r o u p   of  e p o x y   r e s i n   and  u r e t h a n  

r e s i n .  



15.  An  u l t r a s o n i c   p r o b e   as  c l a i m e d   in  c l a i m   12,  w h e r e i n  

s a i d   p o w d e r   i s   one  or  more  s e l e c t e d   f rom  a  g r o u p   o f  

t u n g s t e n   p o w d e r ,   t u n t a l u m   p o w d e r ,   f e r r i t e   p o w d e r ,   z i n c  

p o w d e r ,   s i l i c o n   c a r b i d e   p o w d e r ,   and  t u n g s t e n   p o w d e r .  
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