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DEFORMABLE, MULTI—MATERIAW,L HEARING AID HOUSING

08 MAR 2000

o

Field of the Invention:

The invention pertains to deforma_ le -hearing aids. More particularly, the

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

in the shape of a user’s ear canal.
Background of the Invention: _ _
It has been recognized that, in cértain circumstances, hearing aids can
significantly improve the quality of life of inditiduals that have a hearing deficiency.
Coﬁtemporazy hearing aids are of*en small enough to fit completely into a user’s ear canal.
Their small size makes them much more accept le than older more visible aids.

Despite improvements, there conti ue to be probléms with known hearing
aids. Two of these problems are comfort and’ erformance. Contemporary in-the-ear
hearing aids usually have an exterior housing m lded i accordance with the shape of a
user’s ear and ear canal. Such housings are often formed of rigid plastic such as an
acrylic, |
“The rigidness oftex results in a fess than comfortable fit when in place and

can produce discomfort during the insertion anfl removal process. In extreme 'cases,
usually resulting from ear surgery, the shape of thg user’s ear or ear canal has been altered
such that a conventional hearing aid could not bg inserted. - |
Up to now, there was no economicajly feasible way to create a soft-shell that

was iccurately reproducing the ear impression ¢ até:r features with a designed thickness.
Unlike acrylic hard sheils that are slushed to a desited thickaess, soft elastomeric materials
do not easily produce strong ard accurate shell§ Processes that could be used if they
were efficient include Rotomolding, Dipping, andInjection Molding. Those methods are
also cumbersome as to prevent high volume mar; ufacture of soft hearing aids. |
_ Performance is an issue with rigid 5hells in that the shape of the ear canal
changes while talking or eating. This change in }hape caa comproknise the sedl formed

between the shell and the ear canal. Integrity ;ithxs seal is important in minimizing

external feedback around the shell. This in turn ljmits the user’s usable gain and red_uces .
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over-all performance of the aid. Mé.intaining thgintegrity of this seal makes it possible to
operate the aid at higher gain levels, and bét r'compensate for the user’s hearing
deficiency providing a higher degree of user satjsfiction.

Thus, there continues to be a eed for hearing axds that are more
comfortable to insert and wear than have heretofpre been available, There also continues
to be a need for improved performance and higf er:gain; Where appropriate, but without
performance degrading external feedback. |
Summary of the Invention: ,

The invention relates to a process fgr manufacturing a compliant hearing aid
staﬁing with an impression of the ear and subséquent creation of a mold that produced a
shell of designed shape and size accurately. Therprocess accurately produces a shell that
is attachable to a faceplate with components breating a soft, ergonomic, compliant,
comfortable heanng aid.

A multx-matenal housing fora heari g aid provides a compliant region which
isa reproduct:on of an impression of a poction df a user’ § ear canal. When mserted the
housing deforms in accordance with the shape of he ear canal 5o as to permit comfortable
insertion. ane inserted, the reproduced r;ag

o of the housing sealingly abuts the
respective pdrtion of the ear canal so as to provide 2 seal and prevent feedback.

Additionally, the housing deforms in response toldeformation of the ear canal as the user

moves his or her jaw. _
"The deformability of the housing makes it possible to mold internal
component receiving cavities therein with openings which are too small to permit insertion

of the components when the housing is in its nrmal state. However, in response to a

deformation force applied to the respective component, the housing deforms thereby

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

- premolded component receiving cavity. For exat ple a receiver could be inserted into 2

deformable shell at either the audio output end of the shelt or at the exterior-open end of
the shell. |

The housing has an external peripﬁery defined by a layer of a first

- deformable material. The layer of the first deforma_b_le material bounds, at least in part,

. . 3 » T . ' h\\
an interior region with an interior surface.
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The exterior layer can be mold ed. separately and then filled at least in part,
witha cbmpliant filling material. Alternately, an internal, male, mold can be formed which
matches the interior surface of the exterior layef The exterior layer can, in tirn, be slid
onto the male mold much like a sock can be shd ohto the respective wearer's foot.

A sheet member can be incorporatgd into the housing so as to minimize the

 possibility of internal feedback when the respéctive hearing 2id is being used. This

member can be positioned adjacent to the battery door to block any inflow of liquid
. P

interior filling material. . _ _ _

The exterior periphery layer and tlfe interior filling material can be silicone,

latex, polyurethane, polyvinyl or any other type bf iimé, heat or U.V. curable elastomer.

The preferred hardness of the selected elastomet'is fallsina range of less than 90 ShoreA.

Ina ﬂrs method of making the housmg, a hard plastic shell corresponding
to the shape of 2 user’s ear canal is formed by qonvennona.l methods. The shell is then
attached to a keyed, rigid baseplate and installed in 2 molding fixture. |

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

will form a female mold which defines the outsic.le surface of a compliant housing.
The mold and the hard shell canibe detached from the keyed base and |
installed in a'mold fixture to create a male moldff_ which forms the interior surface of the
soft shell. Elastomeric material is poured into tﬂe shell to fbrm the male mold or shape.
Removing the shell, or template, creates a space’between the inner and the outer molds.
This space defines the size and shape of the softpshell or outer layer to be formed. |
An elastomer such as silicone, po'yu_rethane, polyvinyl or a latex can be
poured or injected into the mold space. Once cénred. the shell can be removed from the
mold. An advantage of this process is that ﬂ:%e same rigid shell is used to form the
exterior, female, and interior, male counterpart m;pld_sL Removing the rigid shell produces
a space which is an accurate copy of the shell. . hat spa.ce is then filled with the liquid,
Often times components such as an output transducer a receiver, are too
large to be inserted in the deformable shell or la er thhout dlstomon However, given

the def'ormablhty of the shell, epplying an msem n force to the respectxve component or

components can cause the shell to temporarily ¢ ge shape or expand thereby permitting
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tﬁe respective component to be slid through a c ns:t:icted pathso asto be appropriately
located in an internal cavity of the shell. Remaifing spaces in the shell can be filled with
a backfilling material, preferably after proﬁdi - a rigid plastic outer shell around the
exterior deformable shell. For example, UV, ctirable plasﬁc can be applied to the
deformable shell, and cured whereupon a rigid protective layer is formed around the
exterior of the shell. It can then be backflled w i-a ﬁllfng material which is the same or
different material without concern that the fillingmaterial y)ill distort the desired shape of
the shell. | |

In yet another form of processinga :!'mrd shell, representing a casting of a

portion of a user’s ear canal is used to create § deformable exterior shell as described

above. This shell is then used to create a mojd of an interior plug which houses the
components. ' |

When filled and cured, the exterick surface of a plug matches the interior

surface of the soft shell. That soft shell can ther} be slid onto the plug. The exterior soft

shell can then be attached at one or more regionsiby glue or the like to the plug. Sinc':e.the

- same hard shell was used to create both -¢ extefjor deformable soft shell and the interior

plug, the two parts match exactly. - |

In an alternate embod1me it, the ex! eri_or soft shell or sock can be selectiirely

bonded to the interior plug thereby creating a sk,n-if.’.el to the surface of the shell. In this

instance, the surface of the shell is slig=tly mov

1é relative to the interior plug.
tability of the soft shell can be used to

¢omponents, the components can be

In yet another aspect, the deforn
advantage during manufacture. When installi
pushed through small channels in the shell, Yy distorting same temporarily. After
insertion, the shell returns to itS normai shape: h.i-'s interior can then be filled, at least in
part, with a curable deformable material. Thema rfal of the shell and the interior material

can be the same or different depending on desirgd characteristics.

Numérous other advansages and [features  of the present invention will
become readily apparent from the following det lé_'ci desc'l"iption of the invention and the
embodiments thereof, from the claims and from’ hz_é accompanying drawings.

Brief Description of the Drawings:
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Fig. 1Aisa flow diagram of st
méthod; .
'~ Fig. 1B is e pictorial diagram of s
Fig. 2A is a flow diagram of steps
method;

Fig. 2B is a pictorial diagram of s

Fig. 3A is an enlarged, partial top

Fig. 3B is an enlarged, parhal top

“changing ear canal;

Fig. 4Ais a view as in Fig. 3A with

in section;

s in accordance with one processing

me of the steps of Figure 1A;

in accordance with another processing
me of the steps of Figure 2A. |
view of a user's ear in a quiescent state;

view of the ear of Fig. 3A illustrating a

the housing of the hearing aid illustrated

Fig-4bisa view as in Fig. 3b wit'Ti the housing of a hearing aid illustrated

in section,

Figs. SA, B fak.... together iilustrdte, enlarg_éd and in secﬁon, a portion of

8 hearing aid in accordance herewith;

Fig. 6A is an enlarged perspéctii/exof. a hearing aid in accordance herewith;

Fig. 6B illustrates deforming a shelf

& component therein,

formed in accordance herewith to insert

Detailed Descri

While this invention is susceptible

tion Of the Preferred Embofi

f embodiment in many different forms,

there are shown in the drawing and will be described herein in detail specific embodiments
thereof with the understanding that the presest disclosure is to be considered as an

exemplification of the principies of'the inventio_n and is not intended to limit the invention

to the specific embodiments illustrated.

. hearing aids.

The present invention pertains to

Common steps in the process
impression of the ear of the user with the heari
in the hearing aid industry. The next common s
shell which replicates the exterior surface of the

The formation of rigid shells, ofte;

rocesses for manufactunng compliant

disclosed herein include forming an
éeﬁcierixcy. This is a well-known step
fep includes fomﬁng a rigid, thin-walled
impression of the user’s ear canal. |

h of acrylic, which replicate a user’s ear

1mpresslon is also well-known in the hearing aid

- This

industry. Such shells are often formed
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. of acrylic plastic using a multi-step process whe

user’s ear impression. Acrylic plastic in fluid fc

brein a female mold is first formed of the

rm is poured into the mold, permitted to

cure at the edges of'the mold either through heat! radiant ¢ energy or time. The fluid plastxc

in the center of the mold is dumped and the prgcess is repeated several times.

Ultimately, a rigid thin-walled she}l or templae is created which accurately

duplxcates the exterior peripheral surface of th 1mpressnon of the user’s ear canal.

With respect to the diagrams of Fi
shell has been created, the following process s|

: 1A, 1B, once 2 hard template or rigid

eps can be used to create an accurately

‘molded compliant shell, whose exterior peripherg! sur_face. du plicétes the impression ofthe

user’s ear canal.

1. Attach the rigid shell to 4 keyed, plate and install into a molding

fixture.

and cure. This forms 2 female mold of the outd

2. Pour an elastomeric materjal (silicone, urethane, etc.) into the mold -

de surfaé:e of the soft-shell.

3. Detach the female mold §nd rigid shell from the keyed base and

install same into & mold fixture to create the m
of the soft-shell.

4. Pour elasto-nenc material

e mold. This forms the interior surface

to form male mold. _

‘The keying feature aligns the internal mok_i with the external shape. The
more accurately aligned the inner and outer ol :!s,' the thinner the soft-shell can be made

without holes or thin sections. Proper alignmént of molds is critical for making small

. shells where internal space is scarce.

5. Removing the hard sheil tenplate creates a space between the inner

and outer molds. This space defines the size

shape of the soft-shell to be molded.

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

the mold space and cured forming the shell.

7. Aﬁe; curing, the deformaljle She_ll is rerﬂoved.from the shell _mold.
As an alternate to the above described écrylic shell forming process, a UV-

sensitive plastic can be used to create the rigid shell as follows:

1. Attacha sculpted earimpregsiontoa molding fixture and pourinand

cure an elastomer that is transpareat to UV to ¢ rm a female mold.

HIIIIH M
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2.

3.
descn'bed above. starting with step 4.

The mold to form the soft-shell
cavity in the mold representative of the shell. T

Poura UV curableliquid t
. of a desired thickaess. Pour out excess UV mg

The remaining steps of t

.

b the top of the mold and form a rigid shell
terial and finish curing the rigid shell.

he.process are identical to the process

created from 2 hard shell that forms a
e soft elastomeric material canbe injected

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

displacing any excess soft-shell material.

1
»

Unlike hard shells, soft-shells canndt adequately protect delicate components _
without additional structure. As described in Figure 1A and illustrated in Figure 1B, the
components are placed into the soft-shell and sdaled to the faceplate. A tube can be used

to protect the wires between the amplifier and te receiver to insure the presence of slack

~ in the wires and that the wires are not pinched

The ends of the tube are sealed to
an RTV. The shell is filled with additional elastomeric material..
identical or can be different from that used to f
for the hardness and fee! to be adjusted to the cu!

shell create a matrix that imparts unique proper

Example: The outer shell needs

uniform surface with appropriate frictional cha

material that can provide the proper comfort, d

permutations and combinations of shell material

a great advantage over one-piece constructions}

The back-filling process requires t

that material used, as back-fill not intrude into

:r_pulled-causing breakage.

tie end points using an adhesive such as
The material can be
brm the outer sheil. This process allows
htdmer needs. Theinner fill and the outer
ties.

to be durable, flexible, have a smooth,
facteristics. It is difficult to find a single

irdbility and acoustic performance. The

,backed up with other elastomers, provide

hat the battery compartmient be sealed so

hose areas. Since current faceplates are

not sealed, a shroud or 2 sheet member, is attached to thefaceplate sealing the vital areas.

The shroud is designed to be as small as possibl , thus aliowing for smaller hearing aids.
‘Wires are routed through the shroud by way off a sealed tube. The shroud also acts to

eliminate an internal feedback path for sound frbm the receiver.

Back-filling is the process by which the aid is filled, encapsulating the

internal components by filling elastomeric materi

1 between the components. Once cured,

This Sheet Has Been Repl
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inserting the aid into the ear.

True shell size is maintained thro

he components and the rigidity required

g,h the use of a hard over shell produced

by coating the outside of the mold withanUV ¢ rable material. When cured, this material

has strength which is sufficient to contain th
changing the shape or size of the shell.

The process for maintaining true!

back filling injection pressure without

size can be carried out after malking the

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

install the receiver in a crooked ear canal. Tk:g size can then be frozen. The preferred

method would be to freeze the size after makink

the faceplate.

Using an assembly practice that |
momentarily, components can pass through a t]
utilizing the available space more efficiently. T

the soft-shell and before attaching it to

itilizes the ability of stretching the shell
ghit, nori'nally not accessible cavity, thus
he fact that the shall can stretch to allow

the components to pass through into an oth . fise not accessible cavi_iy insures that
hearing aids can be made even smaller, thus hel?g a larger number of people with small
ear canals. ' ' §

The sock process illustrated in Piéur'es 24, 2B, utilizes the same method of

making the hard shall or template but the shell
1 The rigid shell is used to ¢

s used for two purposes.

reate the mold that is used to create the

soft-shell (sock) as in the process discussed abdve.

2. The rigid shell is then usad to create the mold for the plug that

houses the companents. When filled and cured

interior surface of the soft-shell (sock). The soft

the outside of the plug matches with the

shiell is later attached in a gluing process.

It matches exactly since the same shell is used tojcreate the soft-shell (sock) mold and the

plug mold.

Inthis process, the internal compohents are retained ina shape that does not

bmpared to the original ear impression.

Instead of trying to retain the shape of the shell Hy feinforcing the outside of the soft-shell -

during 2 back-fill operation, the template shell,ipsﬁres perfect alignment. The mold can

This Sheet Has Been Rep
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be filled at a higher pressure, thus insuring bette;'ﬁ_lling. In addition, bonding between the

sock and the plug can be selective, creating a s .

Fig. 3A illustrates a partial top of the left ear of a user with a hearing
aid 50 of the type described above positioned erein. The user’s ear includes the outer
ear O, an ear canal wherein aid 50 is positiont d and a tympanic membrane, ear drum,
located at the interior end of the canal. . |

| The hearing aid 50 is formed of a|soft compliant housing 52 which fills the
portion of the ear canal and seals against the pdjacent surfaces thereof. Because the
housing 52 is soft and deformable, it can comft a.bly be inserted into and removed from
the ear canal. Surrounding the ear canal and te housing 52 are cartilage C. Skill bone
B and a portion M of the mandible of the user’$ jaw.

The mandible M moves relative tofthe cartilage C and bone B when the user
talks, eats or moves his or her jaw for any reasoh. "“This in turn alters the shape of the ear
canal. Fig. 3A illustrates the canal and housingi équieséent state when the jaw is at rest.
In this circumstance, the shape of the canal corr sp'onds to the shape of an ear impression
of the canal such as would be obtained when thquser is sitting quietly and not moving his
jaw. As noted above, housing 52 readily seals 3gainst 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 bofe B and housing 52 thereby altering the
shape of the ear canal. This alteration in shape hag both comfort-related and performance-
_relatéd consequences. As the mandible moves} the soft compliant housing 52 deforms
readily thereby continuing to fit cdmfortably'i to the canal as it dynamically changes
shape. In addition, because housing 52 continue§ to conform to the changing shape of the
canal, it maintains the seal therewith thereby m irnizing:_exterﬁal feedback between the
audio output port, adjacent to wax guard 52a ang audio input port for a microphone 52b. -

- Figs. 4A and 4B illustrated aid 50 i cross section in the can.al. The housing
52 has an exterior shell 54a formed as discusded above, which surrounds an interior,
compliant ihterior region 54b which s filled, exc' pt perhaps for an output transducer 562,
and a battery, _e.le_ctronics package 56b, with a chred elastomer as discussed above.

Fig. 4A illustrates the ear and hopsing 52°in a quiescent state. Fig. 4b

illustrates defo‘x"mation of housing '52“a'nd alteratjon of the relationship of outer shell 54a

is Sheet Has Been Replaced
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relative to the receiver 56a in response to

movemant of mandible M. Thus, both comfort
and performance can be enhanced with ha%

ng aids in accordance with the present -

invention. ]

Fxgs SA and Shillustrate the ben its of the present invention in dealing with

auser'sneed fora hearmg aid 60 to address an 2h tomical problem in the ear canal. Using °

the present method, 2 soft region can be moldeg
fit and a seal in a particular user's ear where ar

Housing 62 includes an outer

irito héu’sing 62 to provide a comfortable

especially soft region is necessary.

compliant shell 64a, and an interior,
elastomerically filled region 64b as described ab'pva .B'eyond that, however, foam 64c has
been molded into the housing 62 in a selected lo__cation to provide an extra deformable
region which readily deforms. It will be understood that foam 64c is exémplary only.

Other types of fluids, such as air, or different elgstomers could be used without departing |

from the spirit and scope of the present inventid
incorporated into a single housing.

Fig. 6A illustrates the hearing aid

door 56b-2. the faceplate could for exémpie,

associated microphone as an audio input tra
compliant housing 52. When inserted, as descr
the user’s ear canal. Faceplate 56b-1 is adjace

Fig. 6B illustrates another advant
herethh At times, especially in connection W
portions of the housing may be too small to eas
to pass into a pre-established region within the

Outer shell 54a, as noted atove, is

in Fig. 6B, a receiver 56a can be inserted into

n. In addition, multiple regiors could be

S0 with a faceplate 56b-1 and a battery
carry electronic package S6b with an
ducer. Faceplate 56b-1 is attached to
bed above, the housing 52 deférms to fit
t to the user’s outer ear after insertion.
ge of hearing aid housings in accordance

th completely in-the-canal hearing aids,

dy enable components, such as receivers,

housing.
pémpli antand deformable. Asillustrated

A component receiving region 54a-1 by

defo

is located in the region 54a-1, the shell.54a retrzs to its normal, non-distorted shape.

inserting the receiver into shell 54a, tempcrarily rming shell 54a. When the receiver

The interior of shell S4a can be filled with the compliant filling material as discussed
above.
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Figs. 7A, 7B illustrate, in sectior,

wherein a mandrel as formed a cavity 562’ tor

2 housing 52 with corhpliant shell S4a

eive a receiver 56a. Another mandrel has

formed a cavity 52-1 for an electronics packagp and/or & battery.

Receiver 56a is supported oniy t spaced -apart locations 57-1, -2, -3, -4.

This support system minimizes internal feedbac éo the input transducer or microphone.

In addition, the receiver 56a and microphone 52b can be oriented on the ord_er to 90° out

of phase to further reduce feedback. Regibns

7a, 57b can be filled with a fluid, such as

air or foam or other selected feedback minimiz] ng materials,

It should be understood that the p:‘oéess to create a shell by making an inner

~ and outer mold is currently required because

elastomeric shells are inferior. Current flexib

properties or undesirable process issues. One

bresently available materials for making
UV or slushable materials have poor
amlhar with the art will understand that

once UV elastomeric materials with the required propertxes are avaxlable then the process

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

will still be valid.

From the foregoing, it will be

hbserved that numerous variations and

modifications may be effected without depafting from the spirit and scope of the

invention, It is to be undetstood that no limitatjon with respect to the specific apparatus

illustrated herein is intended or should Ee inferréd.. Tt is, of course, intended to cover by

the appended claims all such modifications as fall within the scope of the claims.
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What is Claimed: _ _ _
1. A multi-material housing for a hearing aid comprising:

a housing with an exteridr periphery defined by a layer of & first

deformable material wherein the layer of the firjt material deformable bounds, at least in.

part, an interior region with an interior sucface;

a second material which, least in part, fills the interior region and
abuts the interior surface at least in part in abut{ing regions wherein the second material,

in the abutting regions, exhibits a corresponding male shape to that of the interior surface

; imale shape of the second material and
the interior surface of the layer preclude distorjion of the layer by the abutting material.

2. Ahousing asin claim 1 whérein the first and the second materials are
the same. '

3 A housing as in claim 1 erein the layer is bonded to the second

material only at selected locations whereby & least selected regions of the layer are

movable relative to the second material. | .

4, A housing as in claim 1 wi erem a thxrd matenal is located adjacent’
toa portion of the surface. '

5. A housmg asin claim 4 wh!erem the third material compnses afluid.

6. A housing as in claim 5 wherein the fluid is comprised of 2 gas.

7. A housing as in claim 4 wherein the third material comprises a
selected, deformable solid.

8 A housing asin claim 1 which includes a rotatable element with a
shield between the element and at least the secd nd; niateri_al.

9. A housing as in claim 8 wlerein the element comprises a rotatable

battery door. ‘ g

10. A housing as in claim | ich includes a _feedbdck reducing sheet
member which abuts, at least in part a region ofithe second material. | |

11 A housing as in clair_n._l Ivherein the first and second materials -
comprise elastomers. | I |

12. A housing as in claim 1 wlrer"ein the first and second materials are

selected from é._ class which includes siliconé, latex, polyurethane, polyvinyl.
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13. A housing as in claim 13 wherein the first and second materials
exhibit a hardness parameter in a range of less ;han 90 ShoreA.
14.  Ahousing as in claim 12 fvhxch includes a rotatable element with a
shield between the element and at least the sl bnd material,
15. A housmg as in claim §4 _wh'erem the element is carried on a

faceplate which is bonded to at least & portion bf the second material.

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

receiving cavity therein wheré:_in a component ifserted into the cavity has a size or shape

which would preclude insertion into the cavity in the absence of at_le_ist the hayer
temporarily deforming in reSpénse to an applie#l deformation force.

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

transducer. . '

~ 18.  Ahousing as in claim 16 Yvhich has a region that sealingly engages

a portion of 4 user's ear canal on insertion wlereupon, the housing, in reSponse to a
dynamically changing ear canal, changes shape.to maintain the seal.

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

from the sealing region. 1 "

| 20. A.housing as in claim 19 vherein the faceplate carries a rdta.taﬁle

battery door. | |

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

carried in the housing adjacent to the battery dqor.

22. A housing as in claim 19 which includes an internal feedback
.reducing sheet member carried in the housing a ja._c':ent'to the féceplate.

23. A method of minimizing fbedback in a user's ear wherein incident
acoustic waves are processed by a hearing instrument located in the ear canal, the method
comprising; _ | _ _ |

providing & hearing instfument having a défonnable 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 correspordds, atleast in part, to a portion of the ear
canal; ' '
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_ inserting the instrument]into the ear canal wherein the housing
deforms on insertion, and, when inserted, bl cks external feedback by sea.ling against
a;djacent regions of the ear canal when the cang is in a quiescent, non-changing state; and

altering the shape of the djompliant housing dynamically in response

to altering the size and shape of the ear candl o as to maintain the feedback minimizing
seal with the dynamxcally changing ear canal. | ..
24.  Amethodasin claim 23 hxch includes provxdmg a compliant layer

of a ﬁrst material which comprises the out penphery of the housing, except for a

selected faceplate region, wherein the outer per] hery has a section that abuts the adjacent

- regions of the ear canal with an interior formgd at least in part by a compliant second

material. N _
25. A method as in claim 23 fwhich includes temporarily deforming at
least a portion of the housing when inserting .
26. A method asin claim 25

'o.utput transducer therein.

ith includes providing a complian; layer

of a first material which comprises the outer] periphery of the housing, except for a

selected faceplate region, wherein the outer pe hexy has 2 section that abuts the adjacent

rtegions of the ear canal with an interior formes h;ileast in party, by a compliant second

material. ER _ |
27. A method as in claim 24 .M.i:ich includes temporarily deforming at

least the compliant layer while inserting a select#d*;ompc’:nent therein or while removing

a component. |

28. A method as in claim 2!'-{which:includes inserting a feedback

minimizing sheet member into the housing priof tq insertion into the ear canal.
29. A method as in claim 28 Jwhich includes sealing a portion of the
. housmg by use of the sheet member. -

- . 30.  Aprocess for molding & t}in walled deformable shell for a hearing
aid for a user compnsmg

forming an ear impressioh Wwhich includes a portion having an

. exterior penpheral surface that replicates the uspr’s ear canal;

forming a substantially rigl shell with a hollow interior région and

with an exterior peripheral surface that duplicatgs it least a portion of the impression,;
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casting a female mold at
shell;

jout the éxterior peripheral surface of the

-

casting a male mold of tie hollow interior region;

removing the rigid shell;
positioning the male molg

therebetween indicative of the rigid shell;

filling the space with a ¢

elastoﬁxeric shell; and
curing the elastomeric s
31.
shell from the molds; and

inserting at least one of a

shell including temporarily deforming the shell

32.

A process as in claim 30

A process as in claim 31

in the,feiﬂale mold so as to form a space
rable elastomer thereby forming a hollow

1.
which ir_xéludes removing the elastomeric
felected component and a mandrel into the

if needed, to position the at least one.

 which includes forming a rigid exterior

coating about the exterior of the elastomeric s{\eﬂ to prevent distortion thereof, and

filling the interior of thé shell with a selected, curable intetior

elastomer.,
33.

locating a selected deformable material in the
shell.

34.

35.

and, then removing the rigid exterior coating ff

_ 36.
shell from the molds; and

the rigid shell.

37. - A process as in claim

receiving pockets in the male representation.

A process as in claim 32

A process as in claim 33 w
type of material as the elastomer of the shell: |

A process asin claim 32 whi

hwhich includes, prior to the filling step,

if\te’rior region adjacent to the elastomeric

herein the deformable material is the same

ichincludes curing the internal elastomer,

bm the exterior of the shell.

A process as in claim 30 Which includes removing the elastomeric

~ forming a separate élas’cbﬂleric male representation of the interior of

b

Z&G ‘which includes forming component'

¢
1
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38. A process as in claim 3% which ir;cludes_ using pocket defining
mandrels. '

39.  Aprocess as in claim 36 li/hich includes, prior to forming the male
.representauon, locating selected electromc congponents to be cast therein.

40. A process as in claim 36. which includes coupling the male
representanon to the elastomeric shel] - '

4l. A process as in claim 40 wliich'includes'a'ttaching the shell to the
- male representation at at least one selected locdtion. .l _

42. ' A process as in clajm 4 whxch includes using adhesive in the
| attaching step. ' ' -
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