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©  Improvements  in  or  relating  to  ultrasonic  transducers. 

An  ultrasonic  transducer  including  a  plate  of  piezoelec- 
tric  material  which  can  be  excited  to  produce  ultrasonic 
vibrations  in  a  medium  which  is  coupled  acoustically  to  the 
transducer,  and  means  for  so  exciting  the  plate  of  piezoelec- 
tric  material,  wherein  the  plate  of  piezoelectric  material  is 
divided  into  elements  such  that  each  element  has  at  least 
one  dimension  which  is  considerably  smaller  than  the 
thickness  of  the  plate  of  piezoelectric  material. 



The  p r e s e n t   i n v e n t i o n   r e l a t e s   to  u l t r a s o n i c   t r a n s d u c e r s .  

One  form  of  u l t r a s o n i c   t r a n s d u c e r   ha :   a  t r a n s m i t t i n g  

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

w h i c h   is  e x c i t e d   so  as  to  v i b r a t e   in  t he   t h i c k n e s s ,   or  p i s t o n  

mode ,   t h a t   is  to  say   i t s   o u t e r   f a c e   moves   n o r m a l   to  i t s e l f .  

U n f o r t u n a t e l y ,   in  p r a c t i c e   t he   s u r f a c e   of  t h e   p l a t e   o f  

p i e z o e l e c t r i c   m a t e r i a l   d o e s   no t   move  u n i f o r m l y   bu t   d i v i d e s   up  
i n t o   r e g i o n s   w h i c h   v i b r a t e   w i t h   d i f f e r i n g   p h a s e s   r e l a t i v e   t o  

one  a n o t h e r .   T h i s   can   have   the   e f f e c t   of  p r o d u c i n g  

u l t r a s o n i c   v i b r a t i o n s   w h i c h ,   i n s t e a d   of  b e i n g   in  t he   form  o f  

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

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

e f f e c t   o c c u r s   when  the   l i n e a r   d i m e n s i o n s   of   the   s u r f a c e   o f  

t h e   p l a t e   a r e   l a r g e r   t h a n   i t s   t h i c k n e s 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   t h e r e   is  p r o v i d e d   a n  

u l t r a s o n i c   t r a n s d u c e r   i n c l u d i n g   a  p l a t e   of  p i e z o e l e c t r i c  

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

v i b r a t i o n s   in  a  med ium  w h i c h   is  c o u p l e d   a c o u s t i c a l l y   to  t h e  

t r a n s d u c e r ,   and  means   f o r   so  e x c i t i n g   the   p l a t e   o f  

p i e z o e l e c t r i c   m a t e r i a l ,   w h e r e i n   t h e   p l a t e   of  p i e z o e l e c t r i c  

m a t e r i a l   is  d i v i d e d   i n t o   e l e m e n t s   s u c h   t h a t   e a c h   e l e m e n t   h a s  

a t   l e a s t   one  s u r f a c e   d i m e n s i o n   w h i c h   is  c o n s i d e r a b l y   s m a l l e r  

t h a n   the   t h i c k n e s s   of  t he   p l a t e   of  p i e z o e l e c t r i c   m a t e r i a l ,  

and  e a c h   e l e m e n t   is   c o u p l e d   to  t he   e x c i t i n g   means   so  t h a t   t h e  

e l e m e n t s   a r e   e x c i t e d   s i m u l t a n e o u s l y .  

The  d i v i s i o n s   b e t w e e n   the   e l e m e n t s   p r e f e r a b l y  

p a s s   r i g h t   t h r o u g h   t h e   p l a t e   of  p i e z o e l e c t r i c   m a t e r i a l .  

H o w e v e r ,   p r o v i d i n g   t h e   d i v i s i o n s   a r e   d e e p   e n o u g h   fo r   t h e  

b a s i c   c r i t e r i o n   to  be  s a t i s f i e d ,   t h i s   is  n o t   e s s e n t i a l .  

F u r t h e r m o r e ,   a  c o n t i n u o u s   s t r i p   of  p i e z o e l e c t r i c   m a t e r i a l  

may  be  l e f t   a r o u n d   the   edge   of  t he   p l a t e   so  as  to  m a i n t a i n  

t h e   p l a t e   fo rm  of  t h e   t r a n s d u c e r .   The  i n d i v i d u a l   p i e z o -  



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

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

n o t   be  t o t a l .   For   e x a m p l e ,   i f   a  t r a n s d u c e r   i s   to  b e  

u s e d   u n d e r   w a t e r ,   t h e   w a t e r   can   be  a l l o w e d   to  p e n e t r a t e  

i n t o   t h e   g a p s   b e t w e e n   t h e   e l e m e n t s   of   t h e   p l a t e   o f  

p i e z o e l e c t r i c   m a t e r i a l .  

The  i n v e n t i o n   w i l l   now  be  d e s c r i b e d   by  way  o f  

e x a m p l e ,   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   w h i c h  

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

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

R e f e r r i n g   to   t h e   d r a w i n g ,   an  u l t r a s o n i c   t r a n s d u c e r  

c o n s i s t s   of   a  p l a t e   1  made  of   any   s u i t a b l e   p i e z o e l e c t r i c  

m a t e r i a l ,   s u c h   as  t h a t   known   i n   t h e   a r t   as  PZT,  w h i c h  

has   l a y e r s   2  of   s i l v e r   d e p o s i t e d   on  i t s   m a j o r   f a c e s .  

C o p p e r   f o i l s   3  a r e   s o l d e r e d   t o  t h e   l a y e r s   2  of   s i l v e r   t o  

p r o v i d e   e l e c t r o d e s   by  m e a n s   of   w h i c h   t h e   p l a t e   1  c a n  

be  e x c i t e d   to  e m i t   u l t r a s o u n d .   The  p l a t e   1  i s   b o n d e d   t o  

a  s o u n d   a b s o r b i n g   b a c k i n g   member   4  w h i c h   i s   made  o f  

t u n g s t e n   d i s p e r s e d   i n   a  r e s i n   m a t e r i a l .   The  p l a t e   1  i s  

d i v i d e d   i n t o   a  p l u r a l i t y   of   e l e m e n t s   5  by  m e a n s   of   a  

s e r i e s   of  s l i t s   6  w h i c h   p e n e t r a t e   r i g h t   t h r o u g h   t h e   p l a t e  

1,  t h e   l o w e r   s i l v e r   l a y e r   2,  and  c o p p e r   f o i l   3,  a n d  

i n t o   t he   b a c k i n g   member   4.  The  top   c o p p e r   f o i l   3,  h o w e v e r ,  

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

d i v i s i o n   of   t h e : - p l a t e   1.  Two  s t r i p s   7  of   i n s u l a t i n g   m a t e r i a l  

a r e   a t t a c h e d   to  o p p o s i t e   s i d e s   o f   t h e   b a c k i n g   member   4  

so  as  to  c l o s e   o f f   t h e   s l i t s   6  i n   t h e   p l a t e   1.  The  t o p  

l a y e r   3  of   c o p p e r   i s   b r o u g h t   down  and  i t   i s   b o n d e d   t o  

t h e   s t r i p s   7,  so  t h a t   t h e   s l i t s   6  in   t h e   p l a t e   1  a r e  

t o t a l l y   e n c l o s e d .   The  s t r i p s   7  a l s o   s e r v e   to  p r e v e n t  

e l e c t r i c a l   c o n t a c t   b e t w e e n   t h e   c o p p e r   f o i l s   3 .  

A  s u i t a b l e   s p a c i n g   b e t w e e n   t h e   s l i t s   6  i s   b e t w e e n  

one  h a l f   and  one  t h i r d   of  t h e   t h i c k n e s s   of   t h e   p l a t e   1 .  



When  a i r   i s   u s e d   to  d e c o u p l e   t he   e l e m e n t s   5  of   t h e   p l a t e  

1  f r o m   one  a n o t h e r ,   t h e   s l i t s   6  can  be  made  as  t h i n   a s  

i s   c o n v e n i e n t .  



1.  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   t h e r e   is  p r o v i d e d   a n  

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

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

v i b r a t i o n s   in  a  med ium  w h i c h   is  c o u p l e d   a c o u s t i c a l l y   to  t h e  

t r a n s d u c e r ,   and  means   (3)  fo r   so  e x c i t i n g   the   p l a t e   o f  

p i e z o e l e c t r i c   m a t e r i a l ,   w h e r e i n   t h e   p l a t e   (1)  o f  

p i e z o e l e c t r i c   m a t e r i a l   is  d i v i d e d   i n t o   e l e m e n t s   (5)  s u c h   t h a t  

e a c h   e l e m e n t   (5)  h a s   a t   l e a s t   one  s u r f a c e   d i m e n s i o n   w h i c h   i s  

c o n s i d e r a b l y   s m a l l e r   t h a n   the   t h i c k n e s s   of   t he   p l a t e   (1)  o f  

p i e z o e l e c t r i c   m a t e r i a l ,   and  e a c h   e l e m e n t   (5)  is   c o u p l e d   t o  

t h e   e x c i t i n g   means   (3)  so  t h a t   t he   e l e m e n t s   (5)  a r e   e x c i t e d  

s i m u l t a n e o u s l y .  

2.  An  u l t r a s o n i c   t r a n s d u c e r   a c c o r d i n g   to  c l a i m   1  w h e r e i n  

t h e   p l a t e   (1)  of  p i e z o e l e c t r i c   m a t e r i a l   is   a t t a c h e d   to  a  

b a c k i n g   member   (4)  and  the   d i v i s i o n s   (6)  p a s s   r i g h t   t h r o u g h  

t h e   p l a t e   ( 1 ) .  

3.  An  u l t r a s o n i c   t r a n s d u c e r   a c c o r d i n g   to  c l a i m   1  or  c l a i m  2  

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

a r o u n d   t he   p e r i p h e r y   of  the   p l a t e   (1)  of  p i e z o e l e c t r i c  

m a t e r i a l .  

4.  An  u l t r a s o n i c   t r a n s d u c e r   a c c o r d i n g   to  any  of  c l a i m s   1  t o  

3  w h e r e i n  t h e   i n d i v i d u a l   p i e z o e l e c t r i c   e l e m e n t s   (5)  a r e  

a r r a n g e d   to  be  a c o u s t i c a l l y   d e c o u p l e d   f rom  one  a n o t h e r .  

5.  An  u l t r a s o n i c   t r a n s d u c e r   a c c o r d i n g   to  any  p r e c e d i n g  

c l a i m   w h e r e i n   t he   i n d i v i d u a l   e l e m e n t s   (5)  of  p i e z o e l e c t r i c  

m a t e r i a l   a r e   s e p a r a t e d   by  gaps   (6)  of   b e t w e e n   one  t h i r d   a n d  

one  h a l f   of  t h e   w i d t h   of  the   p l a t e   (1)  of  p i e z o e l e c t r i c  

m a t e r i a l .  

6.  An  u l t r a s o n i c   t r a n s d u c e r   s u b s t a n t i a l l y   as  h e r e i n b e f o r e  

d e s c r i b e d   w i t h   r e f e r e n c e   to  the   a c c o m p a n y i n g   d r a w i n g .  
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