
J E u r o p a i s c h e s   

Patentamt  

European  Patent  Office 

Office  europeen  des  brevets 

©  Publication  number: 0  0 5 3   9 4 7  

A 1  

©  EUROPEAN  PATENT  APPLICATION 

©  Application  number:  81305827.8  ©  Int.  CI.3:  H  04  R  17/10 

©  Date  of  filing:  10.12.81 

©Priority:  10.12.80  JP  174328/80  ©Applicant:  MATSUSHITA  ELECTRIC  INDUSTRIAL  CO.. 
LTD 
1006,  Oaza  Kadoma  Kadoma-shi 

©  Date  of  publication  of  application:  Osaka-fu,571(JP) 
16.06.82  Bulletin  82/24 

©)  Inventor:  Takayama,  Ryoichi 
©  Designated  Contracting  States:  8-M-103,  Senriokanishi 

DE  FR  GB  Suita-shi  Osaka-fu(JP) 

©  Inventor:  Ise,  Yukihiko 
3-10-27,  Miyayamacho 
Toyonaka-shi  Osaka-fu(JP) 

©  Representative:  Crawford,  Andrew  Birkby  et  al, 
A.A.  THORNTON  &  CO.  Northumberland  House  303-306 
High  Holborn 
London  WC1V7LEIGB) 

©  Ultrasonic  transducer. 

An  ultrasonic  transducer  is  characterized  in  that  a 
diaphragm  (13)  is  disposed  at  the  centre  of  a  laminated 
piezo-electric  element  (11)  and  the  periphery  of  the  di- 
aphragm  (13)  is  flexibly  fixed  to  a  housing  (17)  for  the 
element  (11)  through  a  buffer  member  (20)  of  a  resilient 
material  such  as  elastic  rubber  in  order  to  suppress  mecha- 
nical  oscillation. 



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  

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

and  more  p a r t i c u l a r l y   to  an  u l t r a s o n i c   t r a n s d u c e r  

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

p u l s e   c h a r a c t e r i s t i c s   ( t r a n s i t i o n   c h a r a c t e r i s t i c s ) .  

U l t r a s o n i c   t r a n s d u c e r s   f o r   u s e   i n   t h e   a i r  

have   b e e n   p r o p o s e d   and  i n c l u d e   l a m i n a t e d   p i e z o - e l e c t r i c  

c e r a m i c   e l e m e n t s   w h i c h   a r e   d e s i g n e d   to   work   a t  

r e s o n a n c e   or  a n t i - r e s o n a n c e   p o i n t s .   F u r t h e r ,   b e c a u s e  

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

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

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

in   an  a t t e m p t   to   r e d u c e   m e c h a n i c a l   i m p e d a n c e .  

When  one  w i s h e s   to  p r o v i d e   r e a d o u t s   w i t h i n  

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

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

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

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

f a l l   t i m e s ,   t h u s   m a k i n g   m e a s u r e m e n t s   i n a c c u r a t e .  

F u r t h e r m o r e ,   in  t he   c a s e   w h e r e   t r a n s m i s s i o n  

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

w i t h   a  s i n g l e   e l e m e n t ,   i t   t a k e s   a  s u b s t a n t i a l   amoun t   o f  

t i m e   to  make  t h e   e l e m e n t   r e a d y   to  r e c e i v e   t h e   s i g n a l s  

a f t e r   t r a n s m i s s i o n   of  t he   s i g n a l s .   Of  c o u r s e ,   r e a d -  

o u t s   a r e   n o t   a v a i l a b l e   u n t i l   t h e   e l e m e n t   i s   made  r e a d y  



to  r e c e i v e   t h e   s i g n a l s .  

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

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

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

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

e l e c t r i c   e l e m e n t   t h e r e i n ,   c h a r a c t e r i z e d   in   t h a t   a  

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

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

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

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

b u f f e r   m e m b e r .  

An  a d v a n t a g e   of   a  p r e f e r r e d   f o r m   of  t h e  

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

s h o r t e r .   F u r t h e r ,   t h e   t r a n s d u c e r   e x h i b i t s   e x c e l l e n t  

t r a n s m i s s i o n   s e n s i t i v i t y   and  d i r e c t i v i t y .  

P r e f e r a b l y ,   t h e   d i a p h r a g m   i s   d i s p o s e d   a t   t h e  

c e n t r e   of   t h e   l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t   and  t h e  

p e r i p h e r y   of  t h e   d i a p h r a g m   i s   f l e x i b l y   s e c u r e d   on  a  

h o u s i n g   by  way  of  a  b u f f e r   member  made  of  e l a s t i c  

r u b b e r   or  t h e   l i k e   so  as  to   s u p p r e s s   m e c h a n i c a l  

o s c i l l a t i o n .  

In   o r d e r   t h a t   t h e   p r e s e n t   i n v e n t i o n   be  m o r e  

r e a d i l y   u n d e r s t o o d ,   e m b o d i m e n t s   t h e r e o f   w i l l   now  b e  

d e s c r i b e d   by  way  of  e x a m p l e   o n l y ,   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 ,   i n   w h i c h : -  

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

p r e v i o u s l y   p r o p o s e d   u l t r a s o n i c   t r a n s d u c e r ;  

F i g u r e   2  i s   a  g r a p h   s h o w i n g   t h e   p u l s e  

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

F i g u r e   3  i s   a  c r o s s   s e c t i o n a l   v i e w  

i l l u s t r a t 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 t r u c t e d  

a c c o r d i n g   to   an  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 ;  

F i g u r e   4  i s   a  g r a p h   s h o w i n g   t h e   p u l s e  

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

F i g u r e   5  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p  



b e t w e e n   r i s e   t i m e   and  t h e   i n n e r   d i a m e t e r   of   a  b u f f e r  

member  and  t h a t   b e t w e e n   d i r e c t i v i t y   ( a c o u s t i c   p r e s s u r e  

h a l f - a n g l e )   and  t h e   i n n e r   d i a m e t e r   of  t h e   b u f f e r  

m e m b e r ;  

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

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

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

F i g u r e   7  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   d i a m e t e r   of   t h e   d i a p h r a g m   and  d i r e c t i v i t y  

( a c o u s t i c   p r e s s u r e   h a l f - a n g l e ) ;  

F i g u r e   8  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p  

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

d i r e c t i v i t y ;  

F i g u r e   9  i s   a  s c h e m a t i c   v i e w   of  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  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 ;  

F i g u r e   10  i s   a  v i e w   s h o w i n g   t h e   p u l s e  

c h a r a c t e r i s t i c s   of  t h e   u l t r a s o n i c   t r a n s d u c e r   as  s h o w n  

in  F i g u r e   9 ;  

F i g u r e   11  i s   a  v i e w   s h o w i n g   t h e   e f f e c t   of  a n  

a c o u s t i c a l   a b s o r b e n t ;  

F i g u r e   12  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   i n n e r   d i a m e t e r   of  t he   b u f f e r - m e m b e r   and  t h e  

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

.  F i g u r e   13  i s   a  g r a p h   s h o w i n g   t h e   f r e q u e n c y  

d e p e n d e n c y   of  t r a n s m i s s i o n   s e n s i t i v i t y ;   a n d  

F i g u r e   14  i s   a  g r a p h   s h o w i n g   t h e   t e m p e r a t u r e  

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

s e n s i t i v i t y .  

The  s t r u c t u r e   and  o p e r a t i n g   p r o p e r t i e s   of  a  

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

i l l u s t r a t e d   in   F i g u r e s   1  and  2  and  w i l l   be  d e s c r i b e d  

so  as  to  e n a b l e   a  b e t t e r   u n d e r s t a n d i n g   of  t h e   p r e s e n t  

i n v e n t i o n .  

As  i n d i c a t e d   in   F i g u r e   1,  an  end  of  a  c o u p l i n g  



s h a f t   2  i s   f i x e d   to  p a s s   t h r o u g h   a  c e n t r a l   p o r t i o n  

of  a  l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t   1  w i t h   t h e  

r e m a i n i n g   end  t h e r e o f   b e i n g   s e c u r e d   to   a  d i a p h r a g m   3 .  

The  l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t   1  i s   m o u n t e d  

a t   n o d e s   of  o s c i l l a t i o n   v i a   a  f l e x i b l e   a d h e s i v e   5  o n  

t i p s   of  s u p p o r t s   4.  T h e r e   i s   f u r t h e r   p r o v i d e d   t e r m i n a l s  

6  and  6 ' ,   a  h o u s i n g   7  f o r   p r o t e c t i n g   t h e   l a m i n a t e d  

p i e z o - e l e c t r i c   e l e m e n t   1  and  so  f o r t h   a g a i n s t   t h e  

o u t s i d e   w o r l d ,   a  p r o t e c t i v e   mesh   8  d i s p o s e d   a t   a  t o p  

p o r t i o n   of  t h e   h o u s i n g   and  l e a d   w i r e s   9  and  9'  f o r  

e l e c t r i c a l l y   c o n n e c t i n g   t h e   l a m i n a t e d   p i e z o - e l e c t r i c  

e l e m e n t   1  to   t h e   t e r m i n a l s   6  and   6 ' .  

F i g u r e   2  d e p i c t s   t h e   w a v e f o r m   of  r a d i a t i o n  

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

w i t h   a  p l u r a l i t y   of  p u l s e s .   I t   w i l l   be  n o t e d   t h a t   t h e  

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

t i m e ,   i s   l o n g   b e i n g   of  t h e   o r d e r   of  2  m i l l i s e c o n d s  

e a c h .  

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

F i g u r e   3  i s   a  c r o s s   s e c t i o n a l   v i e w   of  a n  

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  a  f i r s t   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 .   A  d i a p h r a g m   13  t y p i c a l l y   o f  

m e t a l   or  p l a s t i c s   i s   f i x e d   to  a  c o u p l i n g   s h a f t   12  w h i c h  

i s   d i s p o s e d   a t   a  c e n t r a l   p o r t i o n   of   a  l a m i n a t e d   p i e z o -  

e l e c t r i c   e l e m e n t   11  made  of  a  s u i t a b l e   p i e z o - e l e c t r i c  

c e r a m i c   m a t e r i a l .   The  d i a p h r a g m   13  i s   of  a  c o n i c a l  

c o n f i g u r a t i o n   and  l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t   11 

i s   i n   t h e   s h a p e   of  a  d i s c .   A  p e r i p h e r a l   p o r t i o n   of  t h e  

d i a p h r a g m   13  i s   f l e x i b l y   s e c u r e d   to   an  i n n e r   s i d e   w a l l  

of  a  c y l i n d r i c a l   h o u s i n g   17  t h r o u g h   t h e   u s e   of  a n  

a n n u l a r   b u f f e r   member  20  of  a  r e s i l i e n t   m a t e r i a l   s u c h  

as  r u b b e r   or  t h e   l i k e   in  o r d e r   to  s u p p r e s s   m e c h a n i c a l  

o s c i l l a t i o n .   F u r t h e r ,   t h e   d i a p h r a g m   13  and  t h e  

l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t   11  a r e   d i s p o s e d   a t   t h e  



c e n t r e   of  t h e   h o u s i n g   17  t h r o u g h   t h e   b u f f e r   member   2 0 .  

A  p a i r   of  t e r m i n a l s   16  and  16'  a r e   e l e c t r i c a l l y  

c o n n e c t e d   to   t h e   l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t   11  

v i a   l e a d   w i r e s   19  and   1 9 ' .  

F i g u r e  4   d e p i c t s   t h e   p u l s e   c h a r a c t e r i s t i c s  

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

s t r u c t u r e ,   i n d i c a t i n g   t h a t   t h e   r i s e   t i m e   and  f a l l   t i m e  

of  a  p u l s e   w e r e   l e s s   t h a n   0 . 2   m i l l i s e c o n d .  

F i g u r e   5  i n d i c a t e s   t h e   r i s e   t i m e   a n d  

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

of  t he   i n n e r   d i a m e t e r   of  t h e   a n n u l a r   b u f f e r   member   2 0 .  

In   t h e   i l l u s t r a t e d   e m b o d i m e n t ,   t h e   d i a m e t e r   of  t h e  

d i a p h r a g m   3  was  16  mm. 

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

b e t w e e n   t h e   d i a m e t e r   of   t h e   d i a p h r a g m   13  p r o v i d e d   f o r  

t h e   d i s c - l i k e   l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t  

( d i a m e t e r :   10  mm)  and   t r a n s m i s s i o n   s e n s i t i v i t y ,  

i n d i c a t i n g   t h a t   t h e   g r e a t e r   t he   d i a m e t e r   of  t h e  

d i a p h r a g m   13  t h e   g r e a t e r   t r a n s m i s s i o n   s e n s i t i v i t y .  

F i g u r e   7  i s   a  g r a p h   s h o w i n g   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   d i a m e t e r   of  the   d i a p h r a g m   13  a n d  

d i r e c t i v i t y   ( a c o u s t i c   p r e s s u r e   h a l f - a n g l e ) .   I t   i s  

c l e a r   f rom  F i g u r e   7  t h a t   the   u l t r a s o n i c   t r a n s d u c e r  

m a n i f e s t s   a c u t e   d i r e c t i v i t y   when  t h e   d i a p h r a g m   of   a  

d i a m e t e r   b e c o m e s   g r e a t e r .  

In   a d d i t i o n ,   F i g u r e   8  shows   t h e   r e l a t i o n s h i p  

b e t w e e n   t h e   a n g l e   of  t h e   top   of  t h e   c o n i c a l   d i a p h r a g m  

13  and  d i r e c t i v i t y .   The  s h a r p e s t   d i r e c t i v i t y   w a s  

o b t a i n e d   when  t h e   c o n i c a l   d i a p h r a g m   w i t h   0 . 3 - 0 . 5   o f  

h e l g h t ( h ) - t o - b o t t o m   d i a m e t e r   (R)  r a t i o   was  u s e d .  

F i g u r e   9  i s   a  c r o s s   s e c t i o n a l   v i ew   of  a n  

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  a n o t h e r   e m b o d i m e n t  

of  t he   p r e s e n t   i n v e n t i o n .   I n  F i g u r e   9,  a  d i a p h r a g m   2 1  

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

s h a f t   23  w h i c h   i s   d i s p o s e d   at   a  c e n t r a l   p o r t i o n   of  a  



l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t   22  made  of  a  p r o p e r  

p i e z o - e l e c t r i c   c e r a m i c   m a t e r i a l .   A  p e r i p h e r a l   p o r t i o n  

of  t h e   d i a p h r a g m   21  i s   f i x e d l y   s e c u r e d   in   an  i n n e r  

s i d e   w a l l   of  a  c y l i n d r i c a l   h o u s i n g   25  t h r o u g h   t h e   u s e  

of  an  a n n u l a r   b u f f e r   member   24  of   r e s i l i e n t   m a t e r i a l  

such   as  r u b b e r   or  t h e   l i k e   to  s u p p r e s s   m e c h a n i c a l  

o s c i l l a t i o n .   In   a d d i t i o n ,   an  a c o u s t i c   a b s o r b e n t  

m a t e r i a l   26  i s   d i s p o s e d   a t   t h e   b o t t o m   of  t h e   h o u s i n g  

25.   A  p a i r   of   t e r m i n a l s   27  and  27'   a r e   c o n n e c t e d  

e l e c t r i c a l l y   to   t h e   l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t  

22  v i a   l e a d   w i r e s   28  and  2 8 ' .  

The  d i s t i n c t i o n   of  t h e   u l t r a s o n i c   t r a n s d u c e r  

as  shown  i n   F i g u r e   9  f r o m   t h a t   of  F i g u r e   3  i s   t h e  

p r o v i s i o n   of  t h e   a c o u s t i c   a b s o r b e n t   m a t e r i a l   26  on  t h e  

b o t t o m   w a l l   of   t h e   h o u s i n g   25.  The  p r o v i s i o n   of   t h e  

a c o u s t i c   a b s o r b e n t   m a t e r i a l   26  a s s u r e s   f u r t h e r  

i m p r o v e m e n t   in   t h e   p u l s e   c h a r a c t e r i s t i c s .  

The  p u l s e   c h a r a c t e r i s t i c s   of  t h e   u l t r a s o n i c  

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

in   F i g u r e   10,  w h i c h   i n d i c a t e s   t h a t   t he   r i s e   t i m e   a n d  

f a l l   t i m e   of  a  p u l s e   w e r e   s h o r t e r   t h a n   0 . 1   ms.  I t   i s  

n o t e d   t h a t   F i g u r e   10  was  p l o t t e d   w i t h   p u l s e   e n v e l o p  

l i n e s   a l t h o u g h   t h e r e   w e r e   in   f a c t   t h r e e   or  f o u r   w a v e s  

b e f o r e   t h e   p u l s e   r o s e   c o m p l e t e l y .  

F i g u r e   11  shows   t h e   e f f e c t   of  t he   a b o v e  

d e s c r i b e d   a c o u s t i c   a b s o r b e n t   m a t e r i a l   26  on  t h e   p u l s e  

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

t h e   r i s e   t i m e .  

F i g u r e   12  r e p r e s e n t s   t he   r e l a t i o n s h i p   b e t w e e n  

t h e   i n n e r   d i a m e t e r   of  t h e   a n n u l a r   b u f f e r   member  24  a n d  

t h e   r i s e  t i m e   and  f a l l   t i m e .   The  d i a p h r a g m   21  u s e d   h a d  

a  b o t t o m   d i a m e t e r   of  16  mm  and  t h e   l a m i n a t e d   p i e z o -  

e l e c t r i c   e l e m e n t   22  was  of  a  d i a m e t e r   of  10  mm  and  a  

t h i c k n e s s   of  0 . 5   mm. 

In   F i g u r e   13,  t h e r e   i s   i l l u s t r a t e d   t h e   f r e q u e n c y  



d e p e n d e n c y   of  t h e   t r a n s m i s s i o n   s e n s i t i v i t y   of  t h e  

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

e x e m p l i f i e d   d i m e n s i o n s .  

F i g u r e   14  d e p i c t s   t h e   t e m p e r a t u r e   d e p e n d e n c y  

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

s e n s i t i v i t y .   As  c o m p a r e d   w i t h   t h o s e   a t   20°C ,   t h e   r i s e  

t i m e   showed   no  s u b s t a n t i a l   v a r i a t i o n   a t   - 2 0 ° C   a n d  

i n c r e a s e d   by  12%  a t   6 0 ° C  w h i l e   t h e   t r a n s m i s s i o n  

s e n s i t i v i t y   d e c l i n e d   by  5 %  a t   - 2 0 ° C   and  i n c r e a s e d   b y  

5%  a t   60°C .   I t   i s   u n d e r s t o o d   t h a t   t h e   p u l s e   c h a r a c t e r -  

i s t i c s   showed   no  v a r i a t i o n   e v e n   when  t h e   p r o t e c t i v e  

mesh  was  d i s p o s e d   a t   t h e   f r o n t   of  t h e   h o u s i n g   1 7 .  

As  n o t e d   e a r l i e r ,   t h e   u l t r a s o n i c   t r a n s d u c e r  

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

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

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

a l l   as  a  r e s u l t   of  f l e x i b l y   f i x i n g   and  h o l d i n g   t h e  

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



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

l a m i n a t e d   p i e z o - e l e c t r i c   e l e m e n t   (11)   h a v i n g   a  

d i a p h r a g m   ( 1 3 )   a t   i t s   c e n t r a l   p o r t i o n ,   and   a  h o u s i n g  

(17)  f o r   a c c o m m o d a t i n g   s a i d   l a m i n a t e d   p i e z o - e l e c t r i c  

e l e m e n t   t h e r e i n ,   c h a r a c t e r i z e d   in   t h a t   a  b u f f e r  

member  ( 2 0 )   i s   d i s p o s e d   i n   c o n t a c t   w i t h   a  p e r i p h e r a l  

p o r t i o n   of   s a i d   d i a p h r a g m   (13)   and  an  i n n e r   s i d e   w a l l  

of  s a i d   h o u s i n g   ( 1 7 ) ,   w h e r e i n   s a i d   d i a p h r a g m   (13 )   i s  

f l e x i b l y   f i x e d   and  h e l d   w i t h i n   s a i d   h o u s i n g   ( 1 7 )  

t h r o u g h   t h e   u s e   of  s a i d   b u f f e r   member  ( 2 0 ) .  

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   t o  

c l a i m   1,  c h a r a c t e r i z e d   in   t h a t   s a i d   d i a p h r a g m   ( 1 3 )  

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

p i e z o - e l e c t r i c   e l e m e n t   (11)   i s   i n   t h e   f o r m   of   a  d i s c .  

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   t o  

c l a i m   2,  c h a r a c t e r i z e d   i n   t h a t   s a i d   c o n i c a l   d i a p h r a g m  

(13)  h a s   a  r a t i o   of  h e i g h t   to   b o t t o m   d i a m e t e r   w i t h i n  

0 .3   t h r o u g h   0 . 5 .  

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   t o  

c l a i m   1,  c h e r a c t e r i z e d   in   t h a t   an  a c o u s t i c   a b s o r b e n t  

m a t e r i a l   ( 2 6 )   i s   d i s p o s e d   w i t h i n   s a i d   h o u s i n g   ( 1 7 ) .  
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