
· . 08 MAR21UD 
• 1:. 

DEFOR.i."1.ABL MULTI-MATER.IA HEARING AID HOUSING 

field ar the Invention: 

The invention pertains to deforma. le·hearing aids. More particularly. the 

invention pertains to such hearing aids that chan ~p~ in response to dynamic changes 

in the shape of a user's ear canal. 

Backgound of the Invention: 

It has been recognized that, in c ~ circumstances. bearing aids can 

significantly improve the quality of life of indf "djials that have a hearing deficiency. 

Contemporary hearing aids are oeen small enoug ~o fit completely into a user's ear canal. 

Their small size makes them much more accept le than older more visiole aids. 

Despite irnproveme."lts, there conti u~ to be problems with known hearing 

e.ids. Two of these problems are comfort and erformance. Contemporary in-the-ear 

hearing aids usually ha.ve an exterior housing m lded in accordance with the shape of a 

user's ear and ear canal. Such housings are a· en formed of rigid plastic such as an . 

acrylic. 
. . . 

The rigidness often results in a less than comfortable fit when in place and 

can produce discomfort during the insertion an removal process. In extreme cases, 

usually resulting from ear surgery, the shape of th u·ser' s ear or ear canal has been altered 

such that a conventional hearing aid coul~ not b inserted. 

Up.to now, there was no economic ly feasible way to create a soft-shell that 

was accurately reproducing the ear impression o ter features with a des:gned thickness. 

Unlike acrylic hard shells that are slushed to a desi" ed thickness, soft elastomeric materials 
. . 

do not easily produce strong and accurate shell Processes that could be used if they 

were efficient include Rotomolding. Dipping, ~., Injection Molding. Those methods are 

also cumbersome as to prevent high volume ma facture of soft hearing aids. 

Perfonr.ance is an issue with rigid hells in that the shape of the ear canal 

changes while talking or eat·i~g. This_change in hape ca..,_compromise the seal formed 

between the shell and the· ear canal. Integrity · f this seal is important in minimizing 

external feedback around the shell. This in tum 1 1its the user's usable gain and reduces 
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over-all performance of the aid. Maintaining~ integrity of this seal makes it possible to 

operate the aid at higher.gain levels, and bet r:compensate for the user's hearing 

deficiency providing a higher degree of us.er sat 

Thus, there continues to be a ~d for hearing aids that are more 

comfortable to insert and wear than have hereto re been available. There also continues 

to be a need for improved performance and hi er :gain, where appropriate, but without 

performance degrading external feedback. 

Summary of the Invention: 

The invention relates to a process fi r manufacturing a compliant hearing aid 

starting with an impression of the ear and subse er.it creation of a mold that produced a 

shell of designed shape and size accurately. The recess accurately produces a shell that 

is attachable to a faceplate with components reating a soft, ergonomic, compliant, 

comfortable hearing aid. 

· A multi-material housing fora head g aid provides a compliant region which 

is a reproduction of an impression of a poction a user'~ ear canal. When inserted> _the 

housing deforms in accordance with the shape of he ear c~ so as to permit comfortable 

insertion. Once inserted, the re~roduced reg n of the housing sealingly abuts the 

respective portion of the ear canal so as to rovide a seal and prevent feedback. 

Additionally, the housing deforms in response tO· eformation of the ear canal as the user 

moves his or her jaw. 

The deformability of the ho~sin makes it possible to mold internal 

component receiving cavities therein with openin s whiCh are too small to permit insertion 

of the components when the housing is in its n · ·ai stat-e. However, in response to a 

deformation force applied to the respective co p_onent, the housing deforms thereby 

enabling the respective component to slide pa the obstruction region and into the 

premotded component receivins cavity. For ex · .p~e, a receiver _could be inserted into a 

deformable shell at either the audio output end o the shell or at the exterior-open end of 

the shell. 

The housing has an external pe phery defined by a layer of a first 

deformable material. The layer of the first defo able material bounds,· at least in part. 

an interior redon with an interior surface. - ... 
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The eKterior layer can be molded ~eparately and then filled at least in part. 

l 
with a compliant filling material. Alternately1 an fit~nal, male, mold can be formed w~ch 
matches the interior surface of the exterio~ layef. The exterior layer can, in rum;-be slid 

i . 

onto the male mold much like a sock can be sliq ohto the respective wearer's foot. 

A sheet member can be incorporat~d into the housing so as to minimize the 
possibility of internal feedback when the resp.ctive hearing aid is being used. This 
member can be positioned adjacent to the bat{ery door to block any inflow of liquid 

. i . 
interior filling material. t · 

; 
The exterior periphery layer and dfe ihterior filling material can be silicone, 

latex, polyurethane1 polyvinyl or any other type hf iime, heat or U. V. curable elastomer. 
; . 

The preferred hardness of the selected elastome~s falls in a range of less than 90 ShoreA. 
In a firs~ method of making the hoksing, a hard plastic shell corresponding 

I • 
1 • 

to the shape of a user's ear canal is formed by qoriventional methods. The shell is then 
attached to a keyed, rigid baseplate and installect in a molding fixture. . . 

Material such as silicone or urethJe is poured into the mold. This material 
t . 

will form a female mold which defines ~e outsi1e surface of a compliant housing. . . 
The mold and the hard shell can~be detached from the keyed base and 

installed in a·moi~ fixture to create a male mol~w~ich forms the interior surface of the 
soft shell. Elastomeric material is poured into t~e shell to form the male mold or shape. 
Removing the shell, or template, creates a spacJ,between the inner and the outer molds. 

I . . 
This space defines the size and shape of the softfshell or outer layer to be formed. · 

An elastomer Stlch as silicone, poJyu.rethane, polyvinyl or a latex can be 
poured or injected into the mold space. Once c.red.-the·shell can be removed from the 
mold. An advantage of this process is t~at t~e ~ame rigid shell is used to form the 

I . 

' ~eriorJ female, and interior, male counterpart mplqs. Removing the rigid shell produces 
a space which is an accurate copy of the shell. f h~t space is then filled with the liquid, 
castable elastomer. . · .. 

t 
. .. ; . -

Often times components such as ab output transducer, a receiver, are too 
' . I . . 

large to be inserted in the deformable shell or ller without distortion. However. given 
the deform·ability of the shell, .applying an inserti n ~orce to the.respecti~e component or 
components can cause the-shell to temporarily c ge shape or expand thereby permitting 

This Sheet Has Been Replaced 
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the respective component to be slid' through a c. n~tricted path_ so as to be appropriately 

located in an internal cavity of the shell. Remai ing spaces in the shell can be filled with 

a bacldllling material, preferably after providi . a rigid plastic outer shell around the 

exterior defonnable shell. For example, UV curable plastic can be applied to the 

deformable shell, and cured whereupon a rigi 

exterior of the shell. It can then be backfilled 

different material without concern that the fillin 

the shell. 

protectiye layer is formed around the 
.• . 
-a filling material which is the same or 

mi!erial will distort the desired shape of 

In yet another form of processing a ·hard shell, representing ~ casting of a .. 
portion of.a user,s ear canal ls used to create ·deformable exterior· shell as described 

a.bove. This shell is then used to create a m d pf an interior plug which houses the 

components. 

When filled and cured, the exteri 

surface of the soft shell. That soft shell can the 

s-.!l'face· of a plug matches the interior 

be slid onto the plug. The exterior soft 

shell can then be attached at one or more regions ~y, glue or the like to the plug. Since the 

·same hard shell was used to create both t.':e ex:te or deformable soft shell and the interior 

plug, the two parts match exactly. 

In an a~temate embodirne:it, the ex erior soft shell or sock can be selectively 
. . 

bonded to the interior plug thereby creating as n-feel to.the surface of the shell. In this 

instance, the surface of the shell is sli~tly mov le relative to the interior plug. 

In yet another aspect, the defer . bility of the soft shell can be used to 

advantage during manufacture. Whe.'l install" ~mponents, the components can be 

pushed through small chaMels in the shell,_ . distorting same temporarily. After 

insertion, the shell returns to its normal shape: his interior can then be filled, at least in 

part, with a curable deformable material. The ma rial of the shell and the interior material 

can be the s~e or different depending on_ desir . -characteris~ics. 

Numerous other advan:ages ~nd features· of the present invention will 

become readily apparent from the following det led desc~iption of the invention and the 

embodiments thereof, from the claims and from· he accompanying drawings. 

B~ef Description of the_ Drawinzs: 
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Fig. IA is a flow diagram of st s: in accordance with one processing 

Fig. lB is a pictorial diagram ofs me of the steps of Figure lA; 

Fig. 2A is a flow diagram of step in accordance with another processing 

Fig. 2B is a pictorial diagram of s me ofth_e steps of Figure 2A 

Fig. 3A is an enlarged, partial top ·ew ofa us~s ear in a quiescent state; 

Fig. 3B is an enlarged, partial top vi~ of the ear of Fig. JA illustrating a 

· changing ear canal; 

I 
l 

Fig. 4A is a view as in Fig. 3 A wi the housing of the hearing aid illustrated 

in section; 

Fig.·4b is a view as in Fig. 3b wit the housing of a hearing aid.illustrated 

in section; 

Figs. SA, B taken together illustr e, enlar$ed and in section, a portion of 

a hearing aid in accordance he:-ewith; 

Fig. 6A is an enlarged perspective of.a hearing aid in accordance herewith; 

Fig. 6B illustrates deforming a she formed in accordance herewith to insert 

a component therein. 

Detailed Descri tion Of the Preferred Embo iments: 

While this invention is susceptible ~embodiment in many different forms, 

there are shown in the drawing a.."'ld will be descri ed herein in detail specific embodiments 

thereof with the understanding that the prese t disclosure is to be considered as an 

exemplification of the principles of the invention an~ is not intended to limit the invention 

to the specific embodiments illustrated. 

· i The present invention pertains to recesses for manufacturing compliant 

disclosed herein include forming an 
I I· hearing aids. Common steps in ·the process 

~ 
i 

t 
{ 
~ 

impression of.the ear of the user with the heari deficiency. This is a well-known step . . 

in the hearing aid industry. The next commons ep includes forming a rigid, thin-walled 

shell which replicates the exterior surface of th impression o~the user,s ear canal. 

The formation of rigid .shells, ofte of acrylic, which replicate a user's ear 

impression is also well-known i:1 the hearinrr ai in~ustry. Such shells are often formed 
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of acrylic plastic using a multi-step process wh re_in a female mold is first formed of the 

user's ear impression. Acrylic plastic in fluid fi· rm is poured into the mold, permitted to 
··--·- -- -· 

cure at the edges of the mold either through hea: radiant energy or time. The fluid plastic 

in the center of the mold is dumped and the pr ~s is repeated several times. 

Ultimately, a rigid thin-walled sh I qr template is created which accurately 

duplicat~s the exterior peripheral surt"ac~ of th i~pre5sion of the user's ear canal: 

With respect to the diagrams of.F' ; lA, lB, once a hard template or rigid 

shell has been created, the following process s eps .can be used to create an accurately 

·molded compliant shell, whose exterior peripher surface duplicates the impression of' the 

user's ear canal. 

1. A..~ach the rigid shell to k~yed, plate and install into a molcling 

fixture. 

5. Removing the hard shell t 

and outer molds. This space defines the size 

plate creates a space between the inner 

shape of the soft-shell to be molded. 

6. An elastomer (silicone, ure hane, etc.) can be poured or injected into 

the mold space and cured forming the shell. 

7. After curing, the deforma e shell is removed.from the shell mold. 

As an alternate to the above descr · ed acrylic shell forming process, a UV· 

sensitive plastic can be used to cr~ate the rigid heg as ·roUows: 

1. Attach a sculpted ear_irr.pr sion to a molding fixture and pour in and 

cure an elastomer that is transparent to W to • "rm a female mold. 
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2. Pour a UV curable liquid t the top of the mold and form a rigid shell 

ofa desired thickness. Pour out.excess UV m terial and finish curing the rigid shell. 

3. The remaining steps of e. process are identical to the process 

descn"bed above, siarting with step 4. 

The mold to form the soft-shell created from a hard shell that forms a 

cavity in the mold representative of the shell: T s~ft elastomeric material can be injected 

into the cavity or poured into the female mold nii the male mold can be installed after 

displacing any excess soft-shell material. 

Unlike hard shells, soft-shells cann t adequately protect delicate components 

without additional structure .• l\s described in F e:ure IA and illustrated in Figure lB, the 

components are placed into the soft-shell and s aled to the faceplate. A tube can be used 

to protect the wires between the amplifier and t e ~eceiver to insure the presence of slack 

in the wires and that the wires are not pinched r pulled-causing breakage. 

-The ends of the tube are sealed to t~e end points using an adhesive such as 

an RTV. The shell is filled with additional el tomeric material.. The material can be 

identical or can be different from that used to rm the outer shell. This process allows 

for the hardness and feel to be adjusted to the cu tomer needs. The iMer till and the outer 

shell create a matrix that im?art:s unique prope les. 

Example: The outer shell needs to be durable, flexible1 have a smooth, 

unifonn surface with appropriate frictional c ac:teristics. It is difficult to find a single 

material that can provide the proper comfort, d rability and acoustic performance. The 

permutations and combina.tions of shell material, a eked up with other elastomers, provide 

a great advantage over one-piece constructions 

The back-filling process requires t a.t the battery compartment be sealed so 

that material used, as back-fill not intrude into ose areas. Since current faceplates are 

not sealed, a shroud or a sheet member, is attac d to the·faceplate sealing the vital areas. 

The shroud is designed to be as small as possibl , thus allowing for smaller hearing aids . 

. Wires are routed through the shroud ·by way o a: seated tube. The shroud also acts- to 

eliminate an internal feedback path for sound" fr m the receiver. 

Back-filling is the process by w ich the aid is filled, ·encapsulating the 

internal components by filling elastomeric ma.teri 1 between the components. Once cured, 

i1iii1iiillf 
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. the back-till provides additional p_rotection to he components and the rigidity required 

inserting the aid into the ear. · i 

True shell size is maintained thro Sh the use of a hard over shell produced 

by coating the outside of the mold with an UV c rable material. When cured, this material· 

has strength which is sufficient to contain th back filling injection pressure without 
l 

changing the shape or size of the sh~l. l - · 
The process for maintaining tnie size can be carried out after making the 

' 
shell. In some cases; there is an advantage of eins able to stretch the shell in order to 

install the receiver in a crooked ear canal. Th ·size can then be frozen. The preferred 
·. :! • 

method would be to freeze the size after maJ · . the soft-shell and before attaching it to 
l .. 

the faceplate. r 
~ . 

Using an assembly practice that f ~ilizes the ability of stretching the shell 

momentarily, components can pass through a ~g~t, nor~ally not accessible cavity, thus 

utilizing the available space more effici~ntly. e fact that the shall can stretch to allow 

the components to pass through into an of:h ·: se not accessible cavity insures that 
: . 

hearing aids can be made even smaller1 thus he! in'g a larger number of people with small 

ear canals. l 
I 

. The sock pro~ess illustrated in Fit~es 2~ -~B, utilizes the sa_me method of 

making the hard shall or template but the shell s used for two purposes. 

· l. The rigid shell is used to ~e~te th~ mold that is us~d to create the 

soft-shell (sock) as in the process discussed ab!ve. 
2. The rigid shell is then u~~ to create the mold for the plug that 

houses the components. When filled and cured ~e outside of the plug matches with the 

interior surface of the soft-shell (sock). The.soft shell is later attached in a gluing process. 

It matches exactly since the same shell is used.t er.eate the soft-shell (sock) mold and the 

plug mold. 1 

In this process, the internal compo~ents are retained in a shape that does not 

· distort the true size of the hea..ting aid when c mpared to the original ear impression. 

Instead of trying to retain the shape of the shell y reinforcing .the outside of the soft-shell 

during a back-till operation, the template shell.· sures p~rfect alignment. The mold can 

.. 
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be filled at a higher pressure, thus insuring bett ~ling. In addition, bonding between the 

sock and the plug can be selective, creating a . ·n-like feel to the surface of the shell. 

Fig. 3A illustrates a panial top of the left ear ofa user with a hearing 
! 

aid SO of the type described above positioned erein. The user's ear includes the outer 

ear 0, an ear canal wherein aid SO is position· d and a tympanic membrane, ear: druni, 

located at the interior end of the canal. 

The hearing aid SO is formed or a so~ compliant housing 52 which fills the 

portion of the ear canal anct seals asainst the djacent surfaces thereof. Because the 

housing 52 is soft and deformable, it can comfc ably be inserted into and removed from 

the ear canal. Surrounding the ear canal and e housing 52 are cartilage C. Skill bone 

Band a portion M of the mandible of the user' jaw. 

The mandible M moves relative t the cartilage C and bone B when the user 

talks, eats or moves his or her jaw for any reaso . "This in turn alters the shape of the ear 

canal. Fig. 3 A illustrates the canal and housing i ~quiescent sta.te when the jaw is at rest. 

In this circumstance, the shape of the canal corr sPonds to the shape of an ear impression 

of the canal such as would be obtained when th. user is sitting quietly and not moving his 

jaw. As noted above, housing 52 readily seals giinst the canal wall. 

Fig. 3B illustrates movement of th mandible M as the user moves his or her 

jaw. The mandible M moves relative to the bo e Band housing 52 thereby altering the 

shape of the ear canal. This alteration in shape h · both comfort-related and perfonnance­

related consequences. As the mandible moves· the soft compliant housing 52 deforms 

readily thereby continuing to fit comfortably i to the canal as it dynamically changes 

shape. In addition, because housing 52 continue to cpnform to the changing .shape of the 

canal, it maintains the seal therewith thereby m imizing:extemal feedback betWeen.the 

audio output port, adjacent to wa~guard S2a an audio input port for a microphone S2b. 

Figs. 4Aand 4B illustrated aid SO i cross section in the canal. The housing 

52 has an exterior shell S4a· formed as discus d above, which surrounds an interior, 

compliant interior region 54b which is filled, exc pt perhaps for an output transducer 56a, 

and a battery, electronics package 56b;with a c red elastomer as discussed above. 

Fig. 4A illustrates the ear and h~ _sing s2·in a quiescent state. Fig. 4b 

illustrates deformation of housing 52 and alterat n of the relationship of outer shell 54a 

.. liii1ifi iied 
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relative to the receiver 56a in response to mov m¢nt of mandible M. Thus, both comfon 
and performance can be enhanced with h na aids in accordance with the present · 

invention. 

Figs. SA and Sb illustrate the ben lts of the present invention in dealing with 

a users need for a hearing aid 60 to address an tomical problem in the ear canal. Using · 

the present method, a soft region can be molde irito housing 62 to provide a comfonable 

fit and a seal in a particular user's ear where a especially soft region is necessary. 

Housing 62 includes an outer compliant shell 64a, and an interior, 

elastomerically filled region 64b as described ab ve. Beyond that, however. foam 64c has 

been molded into the housing 62 in a selected lo.~ation to provide an extra deformable 

region which readily deforms. It will be und stood that foam 64c is exemplary only. 
Other types of fluids. such as air, or different el tomers could be used without departing 

from the spirit and scope of the present inventi n. -In addition, multiple regions could be . 

incorporated into a single housing. · 

Fig. 6A illustrates the hearing ai SO with a faceplate S6b-1 and a battery 

door S6b-2. the faceplate could for exampl carry electronic package S6b with an 

associated microphone as an audio input tra ducer. Faceplate Sob-1 is attached to 

compliant housing 52. When inserted, as descr bed above, the housing 52 de!orms to fit 

the user's ear canal. Faceplate 56b-1 is adjace t t_o the user's outer ear after insertion. 

Fig. 6B illustrates another advant ge ofhearing aid housings in accordance 
. . 

herewith. At times, especially in connection · th completely in-the-canal hearing aids, 

portions of the housing may be too smali to eas: y enable components. such as receivers, 

to pass int.o a pre-established region Within the ousing. 

Outer shell S4a1 as noted above, is· cmpliant and deformable. As illustrated 

in Fig. 6B, a receiver S6a can be insened into component receiving region S4a-l by 

inserting the receiver into shell 54a, temporarily de_forriting shell S4a. When the receiver 

is located in the region s4a-l, the shell 54a re r::s to· its normal, non-distorted shape. 

The interior of shell 54a can be filled with th' compliant filling material as discussed 

above. 

I~-
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Figs. 7 A, 7B illustrate, in sectio , a housing 52 with compliant shell S4a. 

wherein a mandrel as formed a cavity 56a' tor eive a re¢eiver S6a. Another mandrel bas 
. . 

formed a cavity s2 .. 1 for an electronics packag and/or 8. battery. -

Receiver S6a is supported only t spaced-apart locations 57-1, -2, ·3. -4. 

This support system minimizes internal feedbac $0 the i~put transducer or micropJione. 

In addition, the receiver 56a and microphone s b can be oriented on tho order to 90° out . . -

of phase to further reduce feedback. Reglons 7a, 57b can be filled with a fluid, such a5 
air or foam or other selected feedback ininimi ng materials. 

It should be understood that the p ocess to create a shell by making an inner 

and outer mold is currently required because resently available materials for making 

elastomeric shells are inferior. Current tlexib UV or slushable materials have poor 

properties or undesirable process issues. One. ~iliar with the art will understand that 

once UV elastomeric materials with the requir: ptoperties.are available, then the process 

of making the outer flexible shell will be simpliti d but the remaining steps in the process 

will still be valid. 

From the foregoing, it will be bserved that . numerous variations and 

modifications may be effected without dep . ng from the spirit and scope of the 

invention. It is to be understood that no limitat n with respect to the specific apparatus 

illustrated herein is intended or should be inf err d.~ It is, of course, intended to cover by 

the appended claims all such modifications as f'. 1 'within the scope of the claims. 
-· 
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r 
t . What is Oaimed: 

1. A multi-material housing ro~ a hearing aid comprising: 

a housing with an exteri periphery defined by a layer of a first 

deformable material wherein the layer of the fir t material deformable bounds, at least in 

part, an interior region with an interior siirface 

a second material which, . l~t in part, tills the interior region and 

abuts the interior surface at least in part in abut • ng· regions wherein the second material, 

in the abutting regions, exhibits a correspondin ~e shape to that of the interior surface 

wherein ·substaritial identity of the correspondi male shape of the second material and 

the interior surface of the layer preclude disto on of the layer by the abutting material. . . 

2. A housing as in claim 1 wh rein the first and the second materials are 

the same. 

J. A housing as in claim 1 e~ein the layer is bo~ded to the second 

material only at selected locations whereby a least selected regions of the Layer are 

movable relative to the second material. r · · · . 
4. A hou~ing as in cl~ l Jerein a third mat,;; is located adj~· 

to a portion of the surface. · l '. 
S. A housing a~ in claim 4 w~rein the third material comprls.es a fluid. 

6. A housing as in claim S w erein the fluid is comprised of a gas. 

7. A housing as in claim 4 herein the third material comprises a 

selected, deformable solid. 

8. A housing as-in claim l w ich includes a rotatable element with a 

shield between the element and a.t least the sec d: material. 

9. A housing as in claim 8 w erein the element comprises a rotatable 
l 

battery door. · l 
10. A housing as in claim 1 . i~h includes a feedback reducing sheet 

member which abuts, at least in part a region o the second material. . 

11. A housing as in claim .1 -~herein the first and second materials · 
. .( . 

comprise elastomers. r . 

12. A housing as in claim l w erein the first and second materials are 

selected from a class which includes silicone, la· x; polyurethane, polyvinyl. 

t 
t 
t 

i 
!. 

~ . 
i • 
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13. A housing as in claim 1 wherein the first and second materials 

exhibit a hardness parameter in a range ofless 

14. A housing as in claim 12 hich includes a rotatable element with a 

shield between the element and at least the se 

15. A housing as in claim 4 wherein the element is carried on a 
. . 

faceplate which is bonded to at least a portion f the second material. 

16. A housing as· in claim 1 hich includes a preformed component 

receiving cavity therein wherCin a component i serted into the cavity has a size or shape 

which would preclude insertion into the cav . y in the absence or at. least the tayei­

temporarily deforming in response to an applie deformation force. 

17. A housing as in claim 1 wherein the component is an output 

transducer. 

18. A housing as in claim 16 · hich has a region that sealingly engages 

a portion of ~ user's ear canal on insertion w: ereupon. the· housing, in response to a 

dynamically changing ear canal, changes sh.ape. o maintain the seal. 

19. A housing as in claim .18 hich is closed by a faceplate displaced 

from the sealing region. 

20. A housing as in claim 19 herein the faceplate carries a rotatable 

battery door. 

21. A housing as in claim 20 which includes a sealing sheet member 

carried in the housing adjacent to the battery d ot'. 

22. A housing as in claim 1 which includes an internal feed~ack 

reducing sheet member carried in the housing a ja_cent to the faceplate. 

23. A method of minimizing . edback in a user's ear wherein incident 

acoustic waves are processed by a hearing instru ent located in the ear canal, the method 

comprising: 

providing a. hearing i11s ment having a deformable housing 

compliant enough to dynamically adjust to chan es in the shape and size of the ear canal 

. wherein the housing has a shape which ccrrespo ds1 at least in part, to a portion of the ear 

canal· • 
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; inserting the instrument into the ear canal wherein the housing 
~ ·-·-·· --· 

i deforms on insertion, and, when inserted, bl c~ external feedback by sealing against 

l adjacent regions of the ear canal when the can i• in a quiescent, non-changing state; and 

I 
j 
~ 

altering the shape of the mpliant.housing dynamically in response 

to altering the size and shape of the ear canal q ~s to maintain the feedback minimizing 

seal with the dynamically changing ear canal. 

24. A method as in claim 23 hi~h includes providing a. compliant layer 

of a first material which comprises the ou~ · ~phery of the housing. except for a 

selected faceplate region, wherein the outer pe hery ha~ a section that abuts the adjacent · 

regions of the ear canal with an interior form 

material. 

25. 

least a portion of the ho.using when insening 

26. A method as in claim 25 

of a first material which comprises the oute 

selected faceplate region, wherein the outer pe 

:at least in part by a compliant second 

~ich includes temporarily deforming at 

~tput transducer therein. 

ith incl\ides providing a compliant layer. 

p•riphery of the housing, except for a 

hery has a section that a.buts the adjacent 

regions of the ear canal with an interior forme a.f least in party, by a compliant second 

material. 

27. A method as in claim t4 :~ch in~ludes temporarily deforming at 

le.ast the compliant layer while inserting a sel d =component therein or while removing 

' • 
' -

•· 

a component. .... 

' 
.. 

-
. 

28. A method as in claim 2. -~hich. includes inserting a feedback 

minimizing sheet member into the housing prio .ic) insertion into the ear canal. 

29. A method as in claim 28 Jtlch includes sealing a porti.on of the 

. housing by use of the sheet member. 

30. A process for molding a· t . n ~ailed, deformable shell for a hearing 

aid for a user comprising: 

forming an ear impressi 1.vhich includes a portion having an 

. exterior peripheral surface that replicates Jhe u r's ear canal; 

forming a substantially rig s'.hell with a hollow. interior region and 

with·an exterior peripheral surface that duplicat' s tt least a portion of the impression; 

4 



shell; 
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_,5~ 
castiag a f~e mold ·1~~t the :~or peripheral ~ce of the 

casting a male mold oft e hollow interior region; 

removing the rigid shell;· 

positioning the male mot i~ the.female mold so as to form a space 

therebetween indicative of the rigid shell; 

tilling the space with a rable elastomer thereby forming a. hollow 

elastomeric shell; and I : 

curing the ~meric +· . 
31. A process as in claim 30lwhich includes removing the elastomeric 

l . 
shell from the molds; and . . ' . · 

inserting at least one of a ~!cted component and a mandrel into die 
shell including temporarily deforming the shel~I if.needed, to position the at least one. 

32. A process as in claim 3 ll ~hich includes forming a rigid eXterior 

coating about the exterior of the elastomeric 4ell to prevent distortion thereof, and 

tilling the interior of th+ s~ell with a selected> curable interior 

elastomer. 
. J. 

33. A process as in.claim 32 wJiich includes, prior to·the filling step, 

locating a sele~ed deformable material in the· tenor region adjacent.to the elastomeric 

shell. 

34. A process as in claim 33 ~erein th~defonUable material is th~ same 

type of material as the elastomer of the shell:. l 
3 5. A process as iri claim 3 2 w ich includes curing the internal elastomer, 

and, then removing the rigid exterior coating m the exterior of the shell. 

shell from the3:~lc!s; :,:recess as in claim 30J ~ch includes removing the elastomeric 

forming a separate elasto eric male representation of the interior of 

' the rigid shell. 

37. A process as in claim J6 :whith includes forming component· 

receiving pockets in the male representation. l 
'--"--...;..__~~~~~~~-
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t 38. A process as in claim 3 f which includes using pocket .defining .. 
t . . mandrels. 

39. A process as in claim 3.6 hicb include~ prior to forming the male .representation, locating selected electronic co ponents to be cast therein. 
40. . A. pr~cess as in .claim 6. which .includes coupling the male 

-representation to the elastomeric shell. J · 
41. A process as in claim 40. hich.includes·attaching the shell.to the male representation at at least" one selected loc tion. . 
42. A. process as in claim 4 ~hiCh includes using adhesive in the attaching step. 
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