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©  Resonant  peak  control. 
  hearing  aid  having  receiving  means,  amplifying  means 

and  means  for  delivering  the  amplified  sound  to  a  user's  ear, 
in  which  an  adjustable  resonant  peak  control,  such  as  a  vari- 
able  resistor,  is  used  to  tailor  the  frequency  response  to 
reduce  feedback  without  substantial  reduction  in  high  fre- 
quency  amplification  or  saturation  levels. 



This  i n v e n t i o n   r e l a t e s   to  a  hear ing  aid  in  which  a c o u s t i c   f e e d b a c k  

is  c o n t r o l l e d .  

Acoust ic   feedback ,   a  common  problem  in  both  i n - t h e - e a r   and  b e h i n d -  

t h e - e a r   h e a r i n g   a ids ,   can  be  e l i m i n a t e d   in  some  users   by  p l a c e m e n t  

of  a  c a p a c i t o r   in  p a r a l l e l   with  the  hear ing   aid  a m p l i f i e r   o u t p u t .  

However,  t h i s   does  not  allow  a d j u s t m e n t s   at  the  time  of  f i t t i n g   t h e  

hear ing  aid  and  t h e r e f o r e ,   feedback  cannot  be  e l i m i n a t e d   in  a l l  

u s e r s .  

A  high  f requency   c u t o f f   c i r c u i t   can  be  used  to  e l im ina t e   f e e d b a c k ,  

but  i t   a lso  e n t i r e l y   e l i m i n a t e s   the  high  f requency  response  of  t h e  

hear ing  a i d .  

Accurate  ear  impres s ions   coupled  with  p r e c i s e   d u p l i c a t i o n   at  t h e  

l a b o r a t o r y   can  provide  a  p r ec i s e   f i t   for  the  hear ing   aid  which  i s  

he lp fu l   in  r educ ing   feedback.   However,  of ten  the  hear ing  aid  must  

be  r e t u r n e d   to  the  l a b o r a t o r y   for  minor  c o r r e c t i o n s   due  t o  

i n a c c u r a c i e s   in  the  o r i g i n a l   impress ions   or  in  the  d u p l i c a t i o n s .  

SUMMARY  OF  THE  INVENTION 

In  g e n e r a l ,   the  i nven t ion   f e a t u r e s ,   in  one  a spec t ,   a  hear ing  a i d  

having  r e c e i v i n g   means  for  r e c e i v i n g   sound,  ampl i fying  means,  
connected  to  the  r e c e i v i n g   means,  for  ampl i fy ing   sound,  and  a 

r esonan t   peak  c o n t r o l   connected  oetween  the  r e ce iv ing   and  a m p l i f y i n g  

means,  for  reducing   feedback  by  varying  the  ampl i fying  means 

f requency  r e s p o n s e .  



In  a  p a r t i c u l a r   embodiment,  the  r e sonan t   peak  c o n t r o l   of  the  h e a r i n g  

aid  a l lows  the  f requency  r e sponse   to  be  t a i l o r e d   to  reduce  f e e d b a c k  

wi thout   s u b s t a n t i a l   r e d u c t i o n   in  high  f requency  a m p l i f i c a t i o n   by  t h e  

ampl i fy ing   means;  the  r e s o n a n t   peak  c o n t r o l   is  an  R-C  c i r c u i t ;   t h e  

R-C  c i r c u i t   is  a  s e r i e s   R-C  c i r c u i t   having  a  v a r i a b l e   r e s i s t o r   and  a 

c a p a c i t o r .  

In  ano the r   p a r t i c u l a r   embodiment,  the  hear ing   aid  has  an  a d j u s t a b l e  

vent  which  can  be  used  to  reduce  feedback;   the  a d j u s t a b l e   vent  and 

the  r e s o n a n t   peak  c o n t r o l   are  c o o r d i n a t e d   to  reduce  f e e d b a c k .  

In  ano the r   aspec t ,   the  i n v e n t i o n   f e a t u r e s   a  method  of  r e d u c i n g  

feedback  in  a  hear ing  aid,   having  the  s teps   of  a d j u s t i n g   the  volume 

of  the  h e a r i n g   aid  to  the  most  comfor t ab le   l eve l   and  t a i l o r i n g   t h e  

f requency   r e s p o n s e  o f  t h e   hea r ing   aid  output   to  reduce  f e e d b a c k .  

In  a  p a r t i c u l a r   embodiment,  the  t a i l o r i n g   of  the  f requency   r e s p o n s e  

is  accompl i shed   by  tuning  a  s e r i e s   R-C  c i r c u i t   in  p a r a l l e l   with  a 

hear ing   aid  o u t p u t .  

This  i n v e n t i o n   is  a  very  s i g n i f i c a n t   step  in  the  e l i m i n a t i o n   o f  

a c o u s t i c   feedback  in  hear ing   aids  because  i t   allows  the  hear ing   a i d  

to  be  a d j u s t e d   for  the  e l i m i n a t i o n   of  feedback  at  the  time  o f  

f i t t i n g .  

On  the  spot  ad jus tmen t s ,   ob ta ined   by  varying  the  r e s o n a n t   p e a k  

c o n t r o l ,   allow  the  hea r ing   aid  to  be  customized  to  an  i n d i v i d u a l  

user  wi thout   the  n e c e s s i t y   of  r e t u r n i n g   the  aid  to  the  f a c t o r y   o r  

l a b o r a t o r y   for  ad ju s tmen t s   or  m o d i f i c a t i o n s .   This  a l lows  accomo- 

da t ion   of  i n d i v i d u a l   c h a r a c t e r i s t i c s   of  a  u s e r ' s   ear  canal   i n  

o b t a i n i n g   the  most  comfo r t ab l e   l e v e l   for  tha t   p a r t i c u l a r   u s e r .  



Adjustment  of  the  r e s o n a n t   peak  cont ro l   f l a t t e n s   out  the  f r e q u e n c y  

response   ano  s h i f t s   the  f requency  response  curve  to  a  lower  

f requency  range,  r e s u l t i n g   in  almost  no  loss  in  high  f r e q u e n c y  

a m p l i f i c a t i o n   and  only  a  minimal  change  in  s a t u r a t i o n   l e v e l s .  

The re fo re ,   t h i s   hea r ing   aid  provides   the  advantage  of  b e i n g  

a d j u s t a b l e   at  the  time  of  f i t t i n g   without  a n y  s i g n i f i c a n t   s a c r i f i c e  

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

Other  f e a t u r e s   and  a d v a n t a g e s   of  the  i nven t ion   wi l l   be  apparent   from 

the  fo l lowing  d e t a i l e d   d e s c r i p t i o n ,   and  from  the  c l a i m s .  

For  a  f u l l   u n d e r s t a n d i n g   of  the  p resen t   i n v e n t i o n ,   r e f e r e n c e   s h o u l d  

now  be  made  to  the  f o l l o w i n g   d e t a i l e d   d e s c r i p t i o n   and  to  t h e  

accompanying  d r a w i n g s .  



BRIEF  DESCRIPTION  OF  THE  DRAWINGS 

Fig.  1  is  a  d iagrammat ic   view  of  the  hea r ing   aid  c i r c u i t r y .  

Fig.  2  shows  the  boundar ie s   of  the  f requency   response   curve  due  t o  

a d j u s t m e n t   of  the  r e s o n a n t   peak  c o n t r o l .  

Fig.  3  shows  the  boundar i e s   of  the  s a t u r a t i o n   sound  p r e s su re   l e v e l  

curve  due  to  ad ju s tmen t   of  the  r e s o n a n t   peak  c o n t r o l .  

DETAILED  DESCRIPTION 

R e f e r r i n g   to  the  drawings,   an  embodiment  of  the  i nven t ion   w i l l   now 

be  d e s c r i b e d   in  d e t a i l .  

Hearing  aid  10,  des igned  to  be  mounted  in  the  u s e r ' s   ear,  h a s  

microphone  12  for  p i ck ing   up  e x t e r n a l   sounds,   i n t e g r a t e d   c i r c u i t   1 4 ,  

t y p i c a l l y   an  LTI  505  i n t e g r a t e d   c i r c u i t ,   for   ampl i fy ing   e x t e r n a l  

souna,  and  r e c e i v e r   16,  t y p i c a l l y   a  Knowles  E l e c t r o n i c s   1913 

r e c e i v e r   for  impar t ing   the  amp l i f i ed   sound  to  the  u s e r .  

Micropnone  12,  is  connected  to  i n t e g r a t e d   c i r c u i t   14  by  gain  c o n t r o l  

18,  wnicn  can  be  a  p o t e n t i o m e t e r   in  s e r i e s   with  c a p a c i t o r   20,  f o r  

a d j u s t i n g   the  gain  of  the  mic rophone .  

Volume  c o n t r o l   22,  which  can  a lso  be  a  p o t e n t i o m e t e r ,   allows  v a r i a b l e  

a a ju s tmen t   of  the  ampl i f i ed   audio  ou tput   of  i n t e g r a t e d   c i r c u i t   14 .  

Receiver   16,  connected   in  p a r a l l e l   with  i n t e g r a t e d   c i r c u i t   14,  i s  

also  connec ted   in  p a r a l l e l   with  a  s e r i e s   R-C  c i r c u i t   which  i n c l u d e s  

c a p a c i t o r   24  and  r e sonan t   peak  c o n t r o l   (RPC)  26 .  



The  resonant   peak  c o n t r o l   is  a  v a r i a b l e   p o t e n t i o m e t e r   which  when 

ad jus ted   ac ts   in  c o n j u n c t i o n   with  c a p a c i t o r   24  and  the  induc tance   o f  

r e c e i v e r   16  to  t a i l o r   the  f requency  response   of  the  a m p l i f i e r  

( i n t e g r a t e d   c i r c u i t   14)  to  reduce  i n s t a b i l i t y   due  to  f e e d b a c k .  

Refe r r ing   to  Fig.  2,  f requency  response   curves  A  and  B  show  the  two 

extreme  c o n d i t i o n s   between  which  the  f requency  response  can  be 

t a i l o r e d   by  a d j u s t i n g   the  r e sonan t   peak  c o n t r o l .  

The  a o j u s t m e n t  o f   the  r e sonan t   peak  con t ro l   va r i e s   i t s   e l e c t r i c a l  

output   which  tunes  or  t a i l o r s   the  f requency  response  r e s u l t i n g   i n  

s h i f t i n g   and  f l a t t e n i n g   of  the  peaks  of  the  f requency  response  c u r v e  

which  reduces  feedback  with  only  a  s l i g h t   r e d u c t i o n   in  h i g h  

frequency  a m p l i f i c a t i o n   and  only  a  minimal  change  in  the  s a t u r a t i o n  

c u r v e .  

Refer r ing   to  Fig.  3,  curves  C  and  D  show  the  l i m i t s   of  the  change  i n  

the  s a t u r a t i o n   curve  due  to  adjus tment   of  the  resonant   peak  c o n t r o l .  

In  ac tua l   use  the  s l i g h t   r educ t ion   in  high  f requency  a m p l i f i c a t i o n  

is  not  d e t e c t a b l e   because  the  improved  f l a t n e s s   of  the  f r equency  

response  permits   a  h igher   gain  to  be  u t i l i z e d .  

In  ac tual   o p e r a t i o n   the  hear ing   aid  is  i n s e r t e d   in  the  u s e r ' s   e a r  

anc  volume  con t ro l   22,  is  ad jus ted   to  the  most  comfor tab le   level   f o r  

the  p a r t i c u l a r   user .   In  the  event  feedback  occurs  p r io r   to  r e a c h i n g  

the  most  comfor t ab le   l e v e l ,   resonant   peak  con t ro l   26  is  a d j u s t e d  

u n t i l   feedback  is  e l i m i n a t e d .   Then,  i f   r equ i r ed   volume  con t ro l   22 

can  be  f u r t h e r   i n c r e a s e o   to  again  reach  the  most  comfor tab le   l e v e l .  

The  sequence  of  maximizing  the  volume  con t ro l   to  the  most  

comfor table   level   fo l lowed  by  adjustment   of  t h e  r e s o n a n t   peak 

cont ro l   is  r epea ted   u n t i l   the  most  comfor table   l eve l   for  the  user  i s  

a t t a i n e d   without  the  e x i s t e n c e   of  an)  f e e d b a c k .  



Siemens  Custom  In -The-Ear   Hearing  Aid  007,  sold  by  Siemens  Hea r ing  

I n s t r u m e n t s ,   I n c . ,   685  L ibe r ty   Avenue,  Union,  New  J e r s e y ,  

i n c o r p o r a t e s   the  i n v e n t i v e   concept   d e s c r i b e d   in  t h i s   a p p l i c a t i o n .  

In  an  a l t e r n a t i v e   embodiment  the  s ize   of  the  hea r ing   aid  v e n t  

opening  can  be  changed  to  e f f e c t   a  change  in  a m p l i f i e r   i n s t a b i l i t y  

( i n t e g r a t e d   c i r c u i t   14)  due  to  f e e d b a c k .  

This  m o d i f i c a t i o n   of  the  opening  is  e s p e c i a l l y   u s e f u l   when  a  maximum 

resonan t   peak  c o n t r o l   ad jus tment   is  reached  and  feedback  s t i l l  

o c c u r s .  

There  has  thus  been  shown  and  desc r ibed   a  novel  method  and  a p p a r a t u s  

for  r educ ing   a c o u s t i c a l   feedback  in  hea r ing   a ids   which  f u l f i l l s   a l l  

the  o b j e c t s   anc  advan tages   sought  t h e r e f o r .   Many  c h a n g e s ,  

m o d i f i c a t i o n s ,   v a r i a t i o n s   and  o ther   uses  and  a p p l i c a t i o n   of  t h e  

s u b j e c t   w i l l ,   however,  become  apparen t   to  those   s k i l l e d   in  the  a r t  

a f t e r   c o n s i d e r i n g   the  s p e c i f i c a t i o n   and  the  accompanying  d rawings  

which  d i s c l o s e   embodiments  t n e r e o f .   All  such  c h a n g e s ,  

m o o i f i c a t i o n s ,   v a r i a t i o n s   and  o ther   uses  and  a p p l i c a t i o n s   which  do 

not  cepar t   from  the  s p i r i t   and  scope  of  the  i n v e n t i o n   are  deemed  t o  

be  covered  by  the  i n v e n t i o n   which  is  l i m i t e d   only  by  the  c l a i m s  

which  f o l l o w .  



1.  A  hear ing   aid,   c o m p r i s i n g :  

a)  r e c e i v i n g   means  for  r e c e i v i n g   sound ;  

b)  ampl i fy ing   means,  connected  to  said  r e c e i v i n g   means,  f o r  

ampl i fy ing   sa id   sound;  and 

c)  a  r e s o n a n t   peak  con t ro l   connected  between  said  r e c e i v i n g   and 

said  ampl i fy ing   means,  for  reducing  feedback  by  varying  s a i d  

ampl i fy ing   means  f requency  r e s p o n s e .  

2.  The  hea r ing   aid  of  claim  1,  wherein  sa id   resonant   peak  c o n t r o l  

allows  sa id   f requency   response  to  be  t a i l o r e d   to  reduce  f e e d b a c k  

without   s u b s t a n t i a l   r e d u c t i o n   in  high  f requency  a m p l i f i c a t i o n   by 

said  ampl i fy ing   means.  

3.  The  hear ing   aid  in  claim  1,  wherein  said  r e sonan t   peak  c o n t r o l  

comprises  an  R-C  c i r c u i t .  

4.  The  hear ing   aid  of  claim  3,  wherein  said  R-C  c i r c u i t   is  a  s e r i e s  

R-C  c i r c u i t   compris ing   a  v a r i a b l e   r e s i s t o r   and  a  c a p a c i t o r .  

5.  The  hear ing   aid  of  claim  1,  wherein  an  a d j u s t a b l e   vent  can  be  

used  to  reduce  f e e d b a c k .  

6.  The  hea r ing   aio  of  claim  5,  wherein  said  a d j u s t a b l e   vent  and 

saio  r e s o n a n t   peak  con t ro l   are  c o o r d i n a t e d   to  reduce  f e e d b a c k .  



7.  The  method  of  r educ ing   feedback  in  a  hea r i ng   aid,   compris ing  t h e  

s teps   o f :  

a)  a d j u s t i n g   the  volume  of  sa id   hea r ing   aid  to  a  most  

comfor t ab l e   l e v e l ;   and 

b)  t a i l o r i n g   the  f requency  r e sponse   of  sa id   hea r ing   aid  o u t p u t  

to  reduce  f e e d b a c k .  

8.  The  method  of  claim  7,  wherein  sa id   t a i l o r i n g   is  accomplished  by 

tuning  a  s e r i e s   R-C  c i r c u i t   in  p a r a l l e l   w i t h  s a i d   hea r ing   aid  o u t p u t .  
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