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DESCRIPTION

BACKGROUND OF THE INVENTION

[0001] 1. Field of the Invention. The present invention is related to systems, devices and
methods that couple to tissue such as hearing systems. Although specific reference is made to
hearing aid systems, examples of the present disclosure can be used in many applications in
which a signal is used to stimulate the ear.

[0002] People like to hear. Hearing allows people to listen to and understand others. Natural
hearing can include spatial cues that allow a user to hear a speaker, even when background
noise is present. People also like to communicate with those who are far away, such as with
cellular phones.

[0003] Hearing devices can be used with communication systems to help the hearing impaired
and to help people communicate with others who are far away. Hearing impaired subjects may
need hearing aids to verbally communicate with those around them. Unfortunately, the prior
hearing devices can provide less than ideal performance in at least some respects, such that
users of prior hearing devices remain less than completely satisfied in at least some instances.

[0004] Examples of deficiencies of prior hearing devices include feedback, distorted sound
quality, less than desirable sound localization, discomfort and autophony. Feedback can occur
when a microphone picks up amplified sound and generates a whistling sound. Autophony
includes the unusually loud hearing of a person's own self-generated sounds such as voice,
breathing or other internally generated sound. Possible causes of autophony include occlusion
of the ear canal, which may be caused by an object blocking the ear canal and reflecting sound
vibration back toward the eardrum, such as an unvented hearing aid or a plug of earwax
reflecting sound back toward the eardrum.

[0005] Although acoustic hearing aids can increase the volume of sound to a user, acoustic
hearing aids provide sound quality that can be less than ideal and may not provide adequate
speech recognition for the hearing impaired in at least some instances. Acoustic hearing aids
can rely on sound pressure to transmit sound from a speaker within the hearing aid to the
eardrum of the user. However, the sound quality can be less than ideal and the sound
pressure can cause feedback to a microphone placed near the ear canal opening. Although
placement of an acoustic hearing aid along the bony portion of the ear canal may decrease
autophony and feedback, the fitting of such deep canal acoustic devices can be less than ideal
such that many people are not able to use the devices. In at least some instances sound
leakage around the device may result in feedback. The ear canal may comprise a complex
anatomy and the prior deep canal acoustic devices may be less than ideally suited for the ear
canals of at least some patients. Also, the amount of time a hearing device can remain inserted
in the bony portion of the ear canal can be less than ideal, and in at least some instances skin
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of the ear canal may adhere to the hearing device such that removal and comfort may be less
than ideal.

[0006] Although it has been proposed to couple a transducer to the eardrum to stimulate the
eardrum with direct mechanical coupling, the clinical implementation of the prior direct
mechanical coupling devices has been less than ideal in at least some instances. Coupling the
transducer to the eardrum can provide amplified sound with decreased feedback, such that in
at least some instances a microphone can be placed in or near the ear canal to provide
hearing with spatial information cues. However, the eardrum is a delicate tissue structure, and
in at least some instances the placement and coupling of the direct mechanical coupling
devices can be less than ideal. For example, in many patients the deepest portion of the ear
canal comprises the anterior sulcus, and a device extending to the anterior sulcus can be
difficult for a clinician to view in at least some instances. Further, at least some prior direct
coupling devices have inhibited viewing of the eardrum and the portion of the device near the
eardrum, which may result in less than ideal placement and coupling of the transducer to the
eardrum. Also, direct coupling may result in autophony in at least some instances. The
eardrum can move substantially in response to atmospheric pressure changes, for example
about one millimeter, and at least some of the prior direct coupling devices may not be well
suited to accommodate significant movement of the eardrum in at least some instances. Also,
the naturally occurring movement of the user such as chewing and eardrum movement may
decouple at least some of the prior hearing devices. Although prior devices have been
provided with a support to couple a magnet to the eardrum, the success of such coupling
devices can vary among patients and the results can be less than ideal in at least some
instances.

[0007] Although the above described prior systems can help people hear better, many people
continue to have less than ideal hearing with such devices and it would be beneficial to provide
improved coupling of the transducer assembly to the eardrum and ear canal. Also, it would be
helpful to provide improved coupling in simplified manner such that the assemblies can be
manufactured reliably for many users such that many people can enjoy the benefits of better
hearing.

[0008] For the above reasons, it would be desirable to provide hearing systems and improved
manufacturing which at least decrease, or even avoid, at least some of the above mentioned
limitations of the prior hearing devices. For example, there is a need to provide improved
manufacturing of reliable, comfortable hearing devices which provide hearing with natural
sound qualities, for example with spatial information cues, and which decrease autophony,
distortion and feedback.

2. Description of the Background Art.

[0009] Patents and publications that may be relevant to the present application include:
3,585,416; 3,764,748; 3,882,285; 5,142,186; 5554,096; 5,624,376; 5,795,287; 5,800,336;
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5,825,122; 5,857,958; 5,859,916; 5,888,187; 5,897,486; 5,913,815; 5,949,895; 6,005,955;
6,068,590; 6,093,144; 6,139,488; 6,174,278; 6,190,305; 6,208,445; 6,217,508; 6,222,302;
6,241,767; 6,422,991; 6,475,134; 6,519,376; 6,620,110; 6,626,822; 6,676,592; 6,728,024,
6,735,318; 6,900,926; 6,920,340; 7,072,475; 7,095,981; 7,239,069; 7,289,639; D512,979;
2002/0086715; 2003/0142841; 2004/0234092; 2005/0020873; 2006/0107744; 2006/0233398;
2006/075175; 2007/0083078; 2007/0191673; 2008/0021518; 2008/0107292; commonly
owned 5,259,032; 5,276,910; 5, 425, 104; 5,804,109 ; 6,084,975; 6,554,761; 6,629,922; U.S.
Publication Nos. 2006/0023908; 2006/0189841; 2006/0251278; and 2007/0100197. Non-U.S.
patents and publications that may be relevant include EP1845919 PCT Publication Nos. WO
03/063542; WO 2006/075175; U.S. Publication Nos.. Journal publications that may be relevant
include: Ayatollahi et al., "Design and Modeling of Micromachines Condenser MEMS
Loudspeaker using Permanent Magnet Neodymium-lron-Boron (Nd-Fe-B)", ISCE, Kuala
Lampur, 2006; Birch et al, "Microengineered Systems for the Hearing Impaired”, IEE, London,
1996; Cheng et al., "A silicon microspeaker for hearing instruments”, J. Micromech. Microeng.,
14(2004) 859-866; Yi et al., "Piezoelectric microspeaker with compressive nitride diaphragm”,
IEEE, 2006, and Zhigang Wang et al., "Preliminary Assessment of Remote Photoelectric
Excitation of an Actuator for a Hearing Implant”, IEEE Engineering in Medicine and Biology
27th Annual Conference, Shanghai, China, September 1-4, 2005. Other publications of interest
include: Gennum GA3280 Preliminary Data Sheet, "Voyager TDTM. Open Platform DSP
System for Ultra Low Power Audio Processing” and National Semiconductor LM4673 Data
Sheet, "LM4673 Filterless, 2.65W, Mono, Class D audio Power Amplifier"; Puria, S. and Steele,
C Tympanic-membrane and malleus-incus-complex co-adaptations for high-frequency hearing
in mammals. Hear Res 2010 263(1-2):183-90; O'Connor, K. and Puria, S. "Middle ear cavity
and ear canal pressure-driven stapes velocity responses in human cadaveric temporal bones"
J. Acoust. Soc. Am. 120(3) 1517-1528.

[0010] US4628907 describes a direct contact hearing aid apparatus adapted to be mounted
deep within the ear canal including an electromechanical transducer for converting audio
output signals into mechanical movement of an output coupling element without the production
of discernible sound waves to prevent acoustic feedback.

[0011] US2002/0085728 describes a disposable hearing device adapted to be positioned
entirely within an ear canal for extended wear.

[0012] US6137889 describes a device to be worn in the ear of a subject that provides a direct
vibrational drive to the tympanic membrane through a vibrationally conductive assembly.

[0013] US2009/0092271 describes a hearing aid device for placement in an ear of a user
including an elongate support and a transducer.

BRIEF SUMMARY OF THE INVENTION

[0014] The present invention relates to a hearing apparatus as defined in claim 1.
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[0015] Particular embodiments according to the invention are defined in the dependent claims.

[0016] Vapor deposition and polymerization can be used to manufacture a component of a
hearing system used to transmit sound to a user.

[0017] The output transducer assembly may comprise a support having stiffness greater than
a stiffness of the resilient retention structure, and the stiff support may comprise one or more
of arms, a rigid frame, or a chassis. The support stiffness greater than the retention structure
can maintain alignment of the components coupled to the support, such that appropriate
amounts of force can be used to urge a coupling structure against the eardrum so as to couple
the transducer to the eardrum with decreased autophony. The stiff support can be coupled to
at least one spring so as to provide appropriate amounts of force to the eardrum with the
coupling structure and to inhibit deformation of the device when placed in the loaded
configuration for the extended time. The deflectable retention structure may provide a narrow
profile configuration when advanced into the ear canal and a wide profile configuration when
placed in the ear canal, and the stiff support can be used to deflect and advance the retention
structure along the ear canal. A photodetector and an output transducer can be coupled to the
support, such that the transducer assembly can be mechanically secure and stable when
placed within the anatomy of the ear canal of the user. The support can have an elastomeric
bumper structure placed thereon so as to protect the eardrum and skin when the support and
retention structure are coupled to the eardrum and skin. Alternatively, the stiff support can be
placed on the layer of vapor deposited polymer and affixed to the layer, such that the vapor
deposited layer contacts the eardrum or skin. A second layer can be deposited on the first
layer when the first layer has been placed on the first layer to situate the stiff support structure
between the layers. The stiff support may comprise a part comprising arms, an intermediate
portion extending between the arms, and at least one spring, such that the stiff support part
can be placed an affixed to the retention structure.

[0018] The output transducer assembly may comprise a biasing structure coupled to the
support to adjust a position of a coupling structure that engages the eardrum. The at least one
spring can be coupled to the support and the transducer, so as to support the transducer and
the coupling structure in an unloaded configuration. The biasing structure can be configured to
adjust the unloaded position of the coupling structure prior to placement. The at least one
spring can be coupled to the coupling structure such that the coupling structure can move
about one millimeter from the unloaded position in response to the eardrum loading the
coupling structure. The spring can be configured to provide an appropriate force to the
coupling structure engage the eardrum and to inhibit occlusion when the coupling structure
comprises either the unloaded configuration or the configuration with displacement in response
to eardrum movement of about one millimeter. Alternatively or in combination, the biasing
structure may comprise a dynamic biasing structure having a biasing transducer coupled to the
at least one spring to urge the coupling structure into engagement with the eardrum in
response to a signal to the output transducer.
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[0019] A vapor deposition and polymerization process can be used to provide a strong and
secure connection extending between the support and the resilient retention structure. The
vapor deposition process may comprise a poly(p-xylylene) polymer deposition process and the
resilient retention structure may comprise a layer of vapor deposited poly(p-xylylene) polymer
adhered to the support. The vapor-deposited Poly(p-xylylene) polymer may also adhere to the
elastomeric bumper structure material such as a silicone material. The vapor deposition of the
layer of material to form the retention structure can provide a uniform accurate shape profile in
a semi-automated manner that can increase reproducibility and accuracy with decreased labor
so as to improve coupling and hearing for many people.

[0020] The vapor deposition process can be used to manufacture the output transducer
assembly with a positive mold of the ear canal of the user. The positive mold may comprise an
optically transmissive material, and a release agent may coat an inner surface of the positive
mold. The release agent may comprise a hydrophilic material such that the coating can be
removed from the mold with water. The layer can be formed with vapor deposition within the
positive mold. The components can be placed on the layer. The positive mold may comprise a
transparent material, such that the placement of the components within the positive mold can
be visualized. A second layer can be vapor deposited over the first layer to affix the
components to the first layer and the second layer.

[0021] The retention structure may comprise a deflection to receive epithelium. The retention
structure may comprise a surface to contact a surface of an epithelial tissue. The epithelial
tissue may migrate under the retention structure when placed for an extended time. The
deflection of the retention structure surface can be located near an edge of the retention
structure and extend away from the surface of the tissue so as to inhibit accumulation of
epithelial tissue near the edge of the retention structure. The deflected edge can be oriented
toward a source of epithelium such as the umbo when the retention structure is placed in the
ear canal.

[0022] The output transducer assembly may comprise an oleophobic coating to inhibit
autophony and accumulation of oil on components of the assembly.

[0023] The retention structure can be configured in many ways to permit viewing of the
retention structure and the eardrum. The retention structure may comprise a transparent
material, which can allow a clinician to evaluate coupling of the retention structure to the tissue
of the ear canal. In many embodiments, the ear canal comprises an opening, which allows a
clinician to view at least a portion of the eardrum and evaluate placement of the output
transducer assembly. In many embodiments, the retention structure is dimensioned and
shaped to avoid extending into the anterior sulcus to improve visibility when placed, and the
retention structure may extend substantially around an outer portion of the eardrum such as
the eardrum annulus so as to define an aperture through which the eardrum can be viewed.
Alternatively, the retention structure may extend around no more than a portion of the annulus.
In many examples, he retention structure extends to a viewable location an opposite side of
the ear canal, so as to limit the depth of placement in the ear canal and facilitate the clinician
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viewing of the retention structure. The visibility of the retention structure can be increased
substantially when the retention structure extends around no more than a portion of the
annulus and also extends to a portion of the ear canal opposite the eardrum. The wall opposite
the eardrum can support the transducer with the portion opposite the annulus so as to improve
coupling. The portions of the retention structure extending to the canal wall opposite the
eardrum and around no more than a portion of the annulus can be easily viewed and may
define a viewing aperture through which the eardrum can be viewed.

[0024] Examples of the disclosure provide an apparatus for placement with a user, the
apparatus comprises a transducer and a retention structure. The retention structure comprises
a layer of polymer having a shape profile corresponding to a tissue of the user to couple the
transducer to the user.

[0025] In many examples, the retention structure comprises a curved portion having an inner
surface toward an eardrum when placed, and the curved portion couples to an ear canal wall
oriented toward the eardrum when placed to couple a transducer to the eardrum. The curved
portion may couple to the ear canal on a first side of the ear canal opposite the eardrum, and a
second portion of the retention structure may couple to a second side of the ear canal opposite
the first side to hold the retention structure in the ear canal. The curved portion and the second
portion can be connected so as to define an aperture extending therebetween to view at least
a portion of the eardrum when the curved portion couples to the first side of the ear canal and
the second portion couples to the second side.

[0026] In many examples, the support comprises a first layer of a polymerizable material and a
second layer of a polymerizable material and wherein components of a hearing device are
situated between the first layer and the second layer.

[0027] In many examples, an oleophobic layer is coated on one or more of the first transducer
or the retention structure.

[0028] In many examples, the tissue comprises an eardrum having a first resistance to
deflection and a bony portion of the ear canal having a second resistance to deflection greater
than the first resistance, and the layer comprises a resistance to deflection greater than the
eardrum and less than the bony portion of the ear canal.

[0029] In many examples, the layer comprises a material having a thickness to resist deflection
away from the shape profile and wherein the layer comprises the shape profile in an unloaded
configuration.

[0030] In many examples, the transducer couples to a tissue structure having a resistance to
deflection, and the layer comprises a resistance to deflection greater than the tissue structure.

[0031] In many examples, the layer comprises a thickness within a range from about 1 um to
about 100 um. The layer may comprise a substantially uniform thickness to provide the
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resistance to deflection and the shape profile in the unloaded configuration. The thickness of
the layer can be uniform to within about +/- 25 percent of an average thickness to provide the
shape profile.

[0032] The retention structure comprises a resilient retention structure to maintain a location of
the transducer when coupled to the user.

[0033] In many examples, wherein the resilient retention structure is sized to fit within an ear
canal of the user and contact one or more of a skin of the ear canal or an eardrum annulus so
as to maintain a location of the transducer when placed in the ear canal.

[0034] In many examples, the retention structure comprises a layer composed of one or more
of poly(chloro- p-xylene), poly(p-xylene), poly(dichloro-p-xylene), or fluorinated poly(p-xylene).

[0035] In many examples, the apparatus comprises a support to couple the transducer to the
retention structure. The support may comprises a stiff support having a pair of curved arms
extending substantially along outer portions of the retention structure, and the curved arms can
be configured to deflect inward with the retention structure when the support is advanced along
an ear canal of the user.

[0036] In many examples, the transducer is supported with at least one spring extending
between the support and the transducer. The support may comprise an intermediate portion
extending between the arms, and the at least one spring may extends from the intermediate
portion to the transducer to support the transducer. The at least one spring comprises a
cantilever extending from the intermediate portion to the transducer to support the transducer.
The at least one spring, the arms, and the intermediate section may comprise a single part
manufactured with a material.

[0037] In many examples, a projection extends from the single part to place the retention
structure in the ear canal of the user. The single part may comprise one or more of a molded
part, an injection molded part, or a machined part.

[0038] In many examples, the at least one spring comprises a pair of springs, a first spring of
the pair coupled to a first side of the transducer, a second spring of the pair coupled to a
second side of the transducer opposite the first side, so as to support the transducer with
springs coupled to the support on opposing sides.

[0039] In many examples, the apparatus further comprises a coupling structure shaped to
engage the eardrum to vibrate the eardrum, and a biasing structure to adjust an offset
between the support and the coupling structure.

[0040] In many examples, the biasing structure is configured to adjust a separation distance
extending between a lower surface of the retention structure and a lower surface of the
coupling structure in an unloaded configuration, and the coupling structure is coupled to the
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support with at least one spring such that the separation distance decreases when the coupling
structure contacts the eardrum.

[0041] In many examples, the biasing structure, the support, and the coupling structure are
coupled to the at least one spring so as to provide about one mm or more of deflection of the
coupling structure toward the support when the coupling structure engages the eardrum in a
loaded configuration.

[0042] In many examples, the biasing structure is configured to adjust a position of the
transducer in relation so as to the support to position the coupling structure with the offset.

[0043] In many examples, a photodetector attached to a casing of the transducer. The
transducer can be configured to pivot relative to the support, and the photodetector pivots with
the transducer.

[0044] In many examples, the shape profile corresponds to a shape profile of a tissue surface,
and the shape profile comprises a portion having a deflection away from the shape profile of
the tissue surface. The tissue surface may comprise an epithelial surface, and the deflection
extends away from the epithelial surface when the support is placed. The deflection may be
oriented on the support so as to receive advancing epithelium under the deflection.

[0045] In many examples, the retention structure comprises a substantially annular retention
structure and wherein the substantially annular retention structure defines an inner region, and
the inner region is aligned with the aperture when the support is coupled to the retention
structure such that the vibratory structure extends through the inner region and the aperture.

[0046] The retention structure comprises a resilient retention structure and in some examples
the resilient retention structure has a first configuration comprising first dimensions so as to
contact the eardrum annulus when placed, and the resilient retention structure has a second
configuration when compressed. The second configuration comprises second dimensions such
that the retention structure is sized to move along the ear canal for placement. Upon removal
of compression the retention structure returns from the second configuration substantially to
the first configuration.

[0047] In many examples, the support comprises an elongate dimension and rigidity greater
than the retention structure and wherein the retention structure comprises a first portion sized
to fit an anterior sulcus of the ear canal, and the elongate dimension is aligned with the first
portion such that the retention structure can be compressed when moved along the ear canal.

[0048] In many examples, the support comprises a rigid sheet material cut so as to define the
aperture and an outer perimeter of the support.

[0049] In many examples, the transducer comprises a housing having a first end and a second
end and wherein the vibratory structure extends through a first end of the housing and a pair of
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coil springs is coupled to the second end of the housing. The pair extends between the second
end and the support such that transducer is supported with the springs, and the vibratory
structure is urged through the aperture when the retention structure is placed within the ear
canal. Each of the coil springs may have a pivot axis extending through the coil and the pivot
axis of said each coil can extend through the other coil such that the transducer pivots about a
pivot axis extending through the coils to couple to the eardrum when the vibratory structure
extends through the aperture. The aperture can be sized to receive the housing of the
transducer assembly such that the transducer assembly can pivot through the aperture to
increase the dynamic range of the pivoting of the transducer to couple to the eardrum.

[0050] In many examples, a photo transducer is coupled to the support and the transducer. In
the following, the term "embodiment” is used to refer to examples useful for understanding the
invention, which do not necessarily fall within the scope of the present invention, unless
explicitly indicated as "embodiment of the invention”. The scope of the present invention is
solely defined by the appended claims.

BRIEF DESCRIPTION OF THE DRAWINGS

[0051]

Fig. 1 shows a hearing aid system configured to transmit electromagnetic energy to an output
transducer assembly, in accordance with embodiments of the present invention;

Figs. 2A and 2B show isometric and top views, respectively, of the output transducer assembly
in accordance with embodiments of the present invention;

Fig. 3-1 shows an injection step of a method for making a resilient retention structure;

Fig. 3-2 shows a removal step of the method for making a resilient retention structure;

Fig. 3-3 shows a coating step of the method for making a resilient retention structure;

Fig. 3-4 shows an embedding step of the method for making a resilient retention structure;
Fig. 3-5 shows a machining step of the method for making a resilient retention structure;
Fig. 3-6 shows a submersion step of the method for making a resilient retention structure;

Fig. 3-7 shows a pretreatment step of coating a support of the method for making a resilient
retention structure;

Fig. 3-8 shows a step of coupling the coated support to the mold, of the method for making a
resilient structure;

Fig. 3-9 shows vapor deposition of monomer to the mold to form a layer Parylene™ polymer
film of the method for making a resilient retention structure;



DK/EP 2656639 T3

Fig. 3-9A shows the structure Parylene™,;
Fig. 3-9B shows the structure Parylene™ C;

Fig. 3-10 shows a top view of the mold and cutting of the layer of Parylene™ polymer film to
prepare the film for removal from the mold;

Fig. 3-11 shows the layer of Parylene™ polymer film removed from the mold and suitable for
supporting with a backing material;

Fig. 3-12 shows cutting the layer with a backing material;
Fig. 4 shows a method of assembling an output transducer assembly;

Figs. 5A and 5B show top and bottom views, respectively, of a retention structure comprising a
stiff support extending along a portion of the retention structure, in accordance with examples
of the present disclosure;

Fig. 5A1 shows an integrated component comprising the stiff support and resilient spring, in
accordance with examples of the present disclosure;

Figs. 5A2 and 5A3 show cross-sectional views of the resilient spring and the stiff support,
respectively, in accordance with examples of the present disclosure;

Figs. 5A4 and 5A5 show a top view and a side view, respectively, of a support comprising a
graspable projection to place the output transducer assembly in the ear canal, in accordance
with examples of the present disclosure;

Fig. 5B1 shows a lower surface support positioned a distance beneath the lower surface of
retention structure, in accordance with examples of the present disclosure;

Fig. 5B2 shows a component of the output transducer assembly retained between a first layer
and a second layer, in accordance with examples of the present disclosure;

Figs. 6A and 6B show side and top views, respectively, of a resilient tubular retention structure
comprising a stiff support extending along a portion of the resilient tubular retention structure,
in accordance with examples of the present disclosure;

Figs. 7A, 7B and 7C show side, top and front views, respectively, of a resilient retention
structure comprising an arcuate portion and a stiff support extending along a portion of resilient
retention structure, in accordance with examples of the present disclosure;

Fig. 8A shows components of an output transducer assembly placed in a transparent block of
material comprising a positive mold of the ear canal and eardrum of a patient, in accordance
with examples of the present disclosure;

Fig. 8B shows a transducer configured to receive a vapor deposition coating, in accordance
with examples of the present disclosure;
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Fig. 8C shows the transducer of Figure 8B with a deposited layer, in accordance with examples
of the present disclosure;

Fig. 8D shows the transducer of Figure 8B with a blocking material to inhibit formation of the
deposited layer on the reed of the transducer, in accordance with examples of the present
disclosure;

Fig. 8E shows the transducer of Figure 8B with a blocking material placed over a bellows to
inhibit formation of the deposited layer on the bellows of the transducer, in accordance with
examples of the present disclosure;

Fig. 8F shows an oleophobic layer deposited on the output transducer, in accordance with
examples of the present disclosure;

Fig. 9A shows a retention structure comprising an curved portion shaped to extend along a
surface of the bony portion of the ear canal opposite an eardrum when placed, in which the
curved portion is coupled to a transducer with a structure extending from the curved portion to
the transducer to couple the transducer with the eardrum, in accordance with examples of the
present disclosure;

Fig. 9B shows a dynamic biasing system, in accordance with examples of the present
disclosure;

Fig. 10A shows laser sculpting of a negative mold to provide a deflection of the epithelium
contacting surface of the retention structure to receive migrating epithelium, in accordance with
examples of the present disclosure;

Fig. 10B shows a deflection of the epithelium contacting surface of the retention structure to
receive migrating epithelium, in accordance with examples of the present disclosure;

Fig. 10C shows a epithelium migrating under the deflection of Fig. 10B, in accordance with
examples of the present disclosure;

Fig. 11 shows a transducer to deflect the output transducer toward the eardrum and couple the
output transducer to the eardrum in response to the output signal, in accordance with
examples of the present disclosure; and

Fig. 12 shows a retention structure configured for placement in the middle ear supporting an
acoustic hearing aid;

DETAILED DESCRIPTION OF THE INVENTION

[0052] Examples of the present disclosure are well suited to improve communication among
people, for example with cellular communication and as a hearing aid with decreased
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invasiveness that can be readily placed by a health care provider.

[0053] As used herein, light encompasses electromagnetic radiation having wavelengths within
the visible, infrared and ultraviolet regions of the electromagnetic spectrum.

[0054] In many examples, the hearing device comprises a photonic hearing device, in which
sound is transmitted with photons having energy, such that the signal transmitted to the ear
can be encoded with transmitted light.

[0055] As used herein, an emitter encompasses a source that radiates electromagnetic
radiation and a light emitter encompasses a light source that emits light.

[0056] As used herein like references numerals and letters indicate similar elements having
similar structure, function and methods of use.

[0057] As used herein a surfactant encompasses a wetting agent capable of reducing the
surface tension of a liquid.

[0058] As used herein, scientific notation may comprises known E notation known to persons
of ordinary skill in the art using computer programs such as spreadsheets, for example. The

exponential value A x 10°B can be expressed as Ae-B, or AE-B, for example.

[0059] As used herein reference to a chemical structure encompasses the chemical structure
and derivatives thereof.

[0060] Transducer assemblies that couple the transducer to the eardrum so as to decrease
occlusion are described in United States Patent Application Number 61/217,801, filed on 3
June 2009, entitled "Balanced Armature Device and Methods for Hearing"; and
PCT/US2009/057719, filed on September 2009, entitled "Balanced Armature Device and
Methods for Hearing", published as WO 2010/033933.

[0061] Fig. 1 shows a hearing aid system 10 configured to transmit electromagnetic energy to
an output transducer assembly 1 00 positioned in the ear canal EC of the user. The ear
comprises an external ear, a middle ear ME and an inner ear. The external ear comprises a
Pinna P and an ear canal EC and is bounded medially by an eardrum TM. Ear canal EC
extends medially from pinna P to eardrum TM. Ear canal EC is at least partially defined by a
skin SK disposed along the surface of the ear canal. The eardrum TM comprises an annulus
TMA that extends circumferentially around a majority of the eardrum to hold the eardrum in
place. The middle ear ME is disposed between eardrum TM of the ear and a cochlea CO of
the ear. The middle ear ME comprises the ossicles OS to couple the eardrum TM to cochlea
CO. The ossicles OS comprise an incus IN, a malleus ML and a stapes ST. The malleus ML is
connected to the eardrum TM and the stapes ST is connected to an oval window OW, with the
incus IN disposed between the malleus ML and stapes ST. Stapes ST is coupled to the oval
window OW so as to conduct sound from the middle ear to the cochlea.
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[0062] The hearing system 10 includes an input transducer assembly 20 and an output
transducer assembly 100 to transmit sound to the user. Hearing system 10 may comprise a
behind the ear unit BTE. Behind the ear unit BTE may comprise many components of system
10 such as a speech processor, battery, wireless transmission circuitry and input transducer
assembly 10. Behind the ear unit BTE may comprise many component as described in U.S.
Pat. Pub. Nos. 2007/0100197, entitled "Output transducers for hearing systems"; and
2006/0251278, entitled "Hearing system having improved high frequency response”. The input
transducer assembly 20 can be located at least partially behind the pinna P, although the input
transducer assembly may be located at many sites. For example, the input transducer
assembly may be located substantially within the ear canal, as described in U.S. Pub. No.
2006/0251278. The input transducer assembly may comprise a blue tooth connection to
couple to a cell phone and my comprise, for example, components of the commercially
available Sound ID 300, available from Sound ID of Palo Alto, California. The output transducer
assembly 100 may comprise components to receive the light energy and vibrate the eardrum
in response to light energy. An example of an output transducer assembly having components
suitable for combination in accordance with examples as described herein is described in U.S.
Pat. App. Nos. 61,217,801, filed June 3, 2009, entitled "Balanced Armature Device and
Methods for Hearing" and PCT/US2009/057719, filed 21 September 2009, Balanced Armature
Device and Methods for Hearing".

[0063] The input transducer assembly 20 can receive a sound input, for example an audio
sound. With hearing aids for hearing impaired individuals, the input can be ambient sound. The
input transducer assembly comprises at least one input transducer, for example a microphone
22. Microphone 22 can be positioned in many locations such as behind the ear, as
appropriate. Microphone 22 is shown positioned to detect spatial localization cues from the
ambient sound, such that the user can determine where a speaker is located based on the
transmitted sound. The pinna P of the ear can diffract sound waves toward the ear canal
opening such that sound localization cues can be detected with frequencies above at least
about 4 kHz. The sound localization cues can be detected when the microphone is positioned
within ear canal EC and also when the microphone is positioned outside the ear canal EC and
within about 5 mm of the ear canal opening. The at least one input transducer may comprise a
second microphone located away from the ear canal and the ear canal opening, for example
positioned on the behind the ear unit BTE. The input transducer assembly can include a
suitable amplifier or other electronic interface. In some examples, the input may comprise an
electronic sound signal from a sound producing or receiving device, such as a telephone, a
cellular telephone, a Bluetooth connection, a radio, a digital audio unit, and the like.

[0064] In many examples, at least a first microphone can be, positioned in an ear canal or
near an opening of the ear canal to measure high frequency sound above at least about one 4
kHz comprising spatial localization cues. A second microphone can be positioned away from
the ear canal and the ear canal opening to measure at least low frequency sound below about
4 kHz. This configuration may decrease feedback to the user, as described in U.S. Pat. Pub.
No. US 2009/0097681.
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[0065] Input transducer assembly 20 includes a signal output source 12 which may comprise a
light source such as an LED or a laser diode, an electromagnet, an RF source, or the like. The
signal output source can produce an output based on the sound input. Output transducer
assembly 100 can receive the output from input transducer assembly 20 and can produce
mechanical vibrations in response. Output transducer assembly 100 comprises a sound
transducer and may comprise at least one of a coil, a magnet, a magnetostrictive element, a
photostrictive element, or a piezoelectric element, for example. For example, the output
transducer assembly 100 can be coupled input transducer assembly 20 comprising an
elongate flexible support having a coil supported thereon for insertion into the ear canal as
described in U.S. Pat. Pub. No. 2009/0092271, entitled "Energy Delivery and Microphone
Placement Methods for Improved Comfort in an Open Canal Hearing Aid" .

[0066] Alternatively or in combination, the input transducer assembly 20 may comprise a light
source coupled to a fiber optic, for example as described in U.S. Pat. Pub. No. 2006/0189841
entitled, "Systems and Methods for Photo-Mechanical Hearing Transduction" .

[0067] The light source of the input transducer assembly 20 may also be positioned in the ear
canal, and the output transducer assembly and the BTE circuitry components may be located
within the ear canal so as to fit within the ear canal. When properly coupled to the subject's
hearing transduction pathway, the mechanical vibrations caused by output transducer
assembly 100 can induce neural impulses in the subject which can be interpreted by the
subject as the original sound input.

[0068] Figs. 2A and 2B show isometric and top views, respectively, of the output transducer
assembly 100. Output transducer assembly 100 comprises a retention structure 110, a support
120, a transducer 130, at least one spring 140 and a photodetector 150. Retention structure
110 is sized to couple to the eardrum annulus TMA and at least a portion of the anterior sulcus
AS of the ear canal EC. Retention structure 110 comprises an aperture 110A. Aperture 110A is
sized to receive transducer 130.

[0069] The retention structure 110 can be sized to the user and may comprise one or more of
an o-ring, a c-ring, a molded structure, or a structure having a shape profile so as to
correspond to a mold of the ear of the user. For example retention structure 110 may comprise
a polymer layer 115 coated on a positive mold of a user, such as an elastomer or other
polymer. Alternatively or in combination, retention structure 110 may comprise a layer 115 of
material formed with vapor deposition on a positive mold of the user, as described herein.
Retention structure 110 comprises a resilient retention structure and in some example the
retention structure can be compressed radially inward as indicated by arrows 102 from an
expanded wide profile configuration to a narrow profile configuration when passing through the
ear canal and subsequently expand to the wide profile configuration when placed on one or
more of the eardrum, the eardrum annulus, or the skin of the ear canal.

[0070] The retention structure 110 may comprise a shape profile corresponding to anatomical
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structures that define the ear canal. For example, the retention structure 110 may comprise a
first end 112 corresponding to a shape profile of the anterior sulcus AS of the ear canal and the
anterior portion of the eardrum annulus TMA. The first end 112 may comprise an end portion
having a convex shape profile, for example a nose, so as to fit the anterior sulcus and so as to
facilitate advancement of the first end 112 into the anterior sulcus. The retention structure 110
may comprise a second end 114 having a shape profile corresponding to the posterior portion
of eardrum annulus TMA.

[0071] The support 120 may comprise a frame, or chassis, so as to support the components
connected to support 120. Support 120 may comprise a rigid material and can be coupled to
the retention structure 110, the transducer 130, the at least one spring 140 and the
photodetector 150. The support 120 may comprise a biocompatible metal such as stainless
steel so as to support the retention structure 110, the transducer 130, the at least one spring
140 and the photodetector 150. For example, support 120 may comprise cut sheet metal
material. Alternatively, support 120 may comprise injection molded biocompatible plastic. The
support 120 may comprise an elastomeric bumper structure 122 extending between the
support and the retention structure, so as to couple the support to the retention structure with
the elastomeric bumper. The elastomeric bumper structure 122 can also extend between the
support 120 and the eardrum, such that the elastomeric bumper structure 122 contacts the
eardrum TM and protects the eardrum TM from the rigid support 120. The support 120 may
define an aperture 120A formed thereon. The aperture 120A can be sized so as to receive the
balanced armature transducer 130, for example such that the housing of the balanced
armature transducer 130 can extend at least partially through the aperture 120A when the
balanced armature transducer is coupled to the eardrum TM. The support 120 may comprise
an elongate dimension such that support 120 can be passed through the ear canal EC without
substantial deformation when advanced along an axis corresponding to the elongate
dimension, such that support 120 may comprise a substantially rigid material and thickness.

[0072] The transducer 130 comprises structures to couple to the eardrum when the retention
structure 120 contacts one or more of the eardrum, the eardrum annulus, or the skin of the ear
canal. The transducer 130 may comprise a balanced armature transducer having a housing
and a vibratory reed 132 extending through the housing of the transducer. The vibratory reed
132 is affixed to an extension 134, for example a post, and an inner soft coupling structure
136. The soft coupling structure 136 has a convex surface that contacts the eardrum TM and
vibrates the eardrum TM. The soft coupling structure 136 may comprise an elastomer such as
silicone elastomer. The soft coupling structure 136 can be anatomically customized to the
anatomy of the ear of the user. For example, the soft coupling structure 136 can be
customized based a shape profile of the ear of the user, such as from a mold of the ear of the
user as described herein.

[0073] At least one spring 140 can be connected to the support 120 and the transducer 130,
so as to support the transducer 130. The at least one spring 140 may comprise a first spring
122 and a second spring 124, in which each spring is connected to opposing sides of a first
end of transducer 130. The springs may comprise coil springs having a first end attached to
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support 120 and a second end attached to a housing of transducer 130 or a mount affixed to
the housing of the transducer 130, such that the coil springs pivot the transducer about axes
140A of the coils of the coil springs and resiliently urge the transducer toward the eardrum
when the retention structure contacts one or more of the eardrum, the eardrum annulus, or the
skin of the ear canal. The support 120 may comprise a tube sized to receiving an end of the at
least one spring 140, so as to couple the at least one spring to support 120.

[0074] A photodetector 150 can be coupled to the support 120. A bracket mount 152 can
extend substantially around photodetector 150. An arm 154 extend between support 120 and
bracket 152 so as to support photodetector 150 with an orientation relative to support 120
when placed in the ear canal EC. The arm 154 may comprise a ball portion so as to couple to
support 120 with a ball-joint. The photodetector 150 can be coupled to transducer 130 so as to
driven transducer 130 with electrical energy in response to the light energy signal from the
output transducer assembly.

[0075] Resilient retention structure 110 can be resiliently deformed when inserted into the ear
canal EC. The retention structure 110 can be compressed radially inward along the pivot axes
140A of the coil springs such that the retention structure 110 is compressed as indicated by
arrows 102 from a wide profile configuration having a first width 110W1 to an elongate narrow
profile configuration having a second width 110\WW2 when advanced along the ear canal EC as
indicated by arrow 104 and when removed from the ear canal as indicated by arrow 106. The
elongate narrow profile configuration may comprise an elongate dimension extending along an
elongate axis corresponding to an elongate dimension of support 120 and aperture 120A. The
elongate narrow profile configuration may comprise a shorter dimension corresponding to a
width 120W of the support 120 and aperture 120A along a shorter dimension. The retention
structure 110 and support 120 can be passed through the ear canal EC for placement. The
reed 132 of the balanced armature transducer 130 can be aligned substantially with the ear
canal EC when the assembly 100 is advanced along the ear canal EC in the elongate narrow
profile configuration having second width 110W2.

[0076] The support 120 may comprise a rigidity greater than the resilient retention structure
110, such that the width 120W remains substantially fixed when the resilient retention structure
is compressed from the first configuration having width 11 0W1 to the second configuration
having width 110W2. The rigidity of support 120 greater than the resilient retention structure
110 can provide an intended amount of force to the eardrum TM when the inner soft coupling
structure 136 couples to the eardrum, as the support 120 can maintain a substantially fixed
shape with coupling of the at least one spring 140. In many examples, the outer edges of the
resilient retention structure 110 can be rolled upwards toward the side of the photodetector 150
so as to compress the resilient retention structure from the first configuration having width
110W1 to the second configuration having width 110W2, such that the assembly can be easily
advanced along the ear canal EC.

[0077] Fig. 3-1 to 3-12 show a method 300 of making resilient retention structure 110 to hold
an output transducer assembly in an ear of the user. The method 300 can be performed with
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one or more components of an apparatus 200 to make the resilient retention structure.

[0078] The process may comprise making an anatomically accurate mold and the vapor
deposition polymerization of Parylene™ onto the mold. The mold can be constructed and
prepared in such a way as to provide both the dimensional accuracy of the deposited
Parylene™ and the removal the Parylene™ without distortion or strain. Additionally or
alternatively, the Parylene™ may comprise an integrated structural member of the finished
assembly, for example when the Parylene™ is deposited on the support 120.

FORMATION OF NEGATIVE IMPRESSION OF EAR CANAL

[0079] Fig. 3-1 shows an injection step 305. The process for creating an anatomically
accurate, uniformly thick, and flexible platform of biocompatible material can include with the
creation of a representation of the human ear canal of interest. A physician can perform this
procedure in a clinical setting. A biocompatible, two-part silicone 205, for example polyvinyl
siloxane hereinafter "PVS", can be dispensed into the ear canal with a dispensing tube 207
such as a bent stainless steel tube. The PVS may include mineral oil or other oil, for example.

[0080] Fig. 3-2 shows a removal step 310. The PVS can be allowed to fully cure, and then be
removed. The resulting negative impression 210 comprises a dimensionally accurate,
customized negative representation of the ear canal (herein "PVS impression"). The PVS
impression may exude mineral oil, such that the impression can be easily removed from the
ear canal and eardrum, and may form an anatomically accurate impression of the anterior
sulcus AS.

FORMATION OF POSITIVE MOLD OF EAR CANAL

[0081] The positive mold of the ear canal can be formed based on the negative impression in
many ways. The positive mold may have a shape profile corresponding to the ear canal and
may comprise a substrate for vapor deposition so as to form the resilient retention structure
110 having the shape profile corresponding to the ear canal, for example with a release agent
disposed between the substrate and the vapor deposition layer 115.

[0082] The material used to form the positive mold may comprise one or more of many
materials such as an acrylate, an epoxy, a UV curable epoxy, a plaster, or a dental mold.

[0083] Fig. 3-3 shows a coating step 315. The PVS negative impression 210 can be coated to
create a thin rigid coating 215, for example a shell, corresponding to the retention structure
110. The thin coating may comprise a resin such as an acrylate resin, for example pattern
resin comprising acrylate such as polymethylmethacrylate (hereinafter "PMMA"), or a curable
epoxy such as a UV curable epoxy.
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Fig. 3-4 shows an embedding step 320.

[0084] In order to provide both protection of the fragile thin shell and to provide a base for
future handling, the PVS impression and coating 215 can be embedded in a small cylindrical
cup 220 holding the same uncured pattern resin 222, or a UV curable epoxy or acrylate which
is allowed to cure. The two-step molding process can allow the use of a large cross-sectional
mold for ease of handling without the dimensional changes that may result from the larger
cross section when used to create the internal mold dimensions without the shell. The PVS
impression 210 can then be removed from the mold. The finished positive mold 225 is then
machined flat to provide a smooth, orthogonal surface for future handling of the Parylene™
part as described herein.

[0085] The pattern resin can be replaced with a low-shrinkage acrylate, for example a UV
curable acrylate, such that the mold 225 can be created by embedding the PVS impression
without forming the coating. The pattern resin may comprise a shrinkage of about 3% when
cured, for example, and the low shrinkage acrylate may have a shrinkage less than 1%, such
that the low shrinkage acrylate or epoxy can be used to form the mold without forming the
shell, for example when the low shrinkage acrylate comprises a UV curable acrylate having a
shrinkage of less than 1 %.

[0086] Many materials can be used to form the mold from the PVS impression, and a person
of ordinary skill in the art can determine many materials based on the teachings as described
herein.

[0087] The cured pattern resin may comprise a positive mold 225 of the user's ear canal.

[0088] Fig. 3-5 shows a machining step 325. The cured pattern resin can be molded in a
cylindrical mold. The negative impression 210 can be removed leaving a channel 229
corresponding to the ear canal, and the cured surface can be machined substantially
orthogonal to the axis of the cylinder. The flat machined surface 227 can be used to handle the
Parylene™ layer 115 when deposited on the mold 225 comprising the machined surface 227
and the cured coating 215.

PASSIVATION AND REMOVAL AGENT COATING OF POSITIVE MOLD

[0089] Fig. 3-6 shows a submersion step 330, in accordance with examples of the method of
Fig. 3;

[0090] The pattern resin can be porous and may also contain volatile compounds (water, air,
and organic vapors), which are a result of the polymerization reaction of the pattern resin. The
volatile compounds can interfere with the deposition of Parylene™. The affect of the porous
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surface and the volatile compounds of the mold 225 can be decreased substantially with
treatment prior to the vapor deposition and polymerization. Gases can be released from the
surface of the mold when the Parylene™ layer is deposited in the vacuum chamber. In order to
decrease this gas release, the mold material can be passivated prior to placement into the
deposition chamber. This passivation process can substantially improve the quality of the
Parylene™ finished "film", as the number of pinholes formed by gas release are decreased,
and the mold surface is smoothed with the release agent filling the pores near the deposition
surface.

[0091] After removal of the PVS impression from the mold, the mold is placed into a bath of
heated petroleum jelly such that the heated petroleum jelly comprises a liquid, for example
heated to 100 degrees C. The bath of heated petroleum jelly can be provided with a container
234 comprising the heated petroleum jelly. The container 234 and mold can be placed in a
vacuum chamber 232 to provide low pressure and elevated temperature. The petroleum jelly
may comprise the release agent 231.

[0092] To remove the volatile compounds, a pre-deposition pump down (low pressure) time
period of 2-4 hours can be used, and the mold 225 immersed in the bath can be placed in a
vacuum of about 5 to 10 Torr for the 2-4 hour period, so as to inhibit formation of pinholes
when the vapor is deposited and polymerized. The mold immersed in the bath can be heated
when placed in the vacuum for the 2-4 hour period.

[0093] After the de-gas step is complete, the pressure is allowed to return to atmosphere while
the mold remains submerged in the heated liquefied petroleum jelly. This allows many
evacuated cavities within the mold 225 to be replaced with the liquefied petroleum jelly, such
that petroleum jelly substantially fills the cavities and pores. The mold 225 can be removed,
placed upside down so as to drain the liquefied petroleum jelly, and allowed to cool, so as to
provide a substantially smooth surface to receive the Parylene™ precursor vapor and form the
smooth coating and so as to release the formed coating from the smooth surface.

[0094] The petroleum jelly can be wiped at room temperature so as to provide the smooth
surface for deposition of the Parylene™ precursor monomer and formation of the Parylene™.

[0095] The petroleum jelly, can be referred to as petrolatum or soft paraffin, CAS number
8009-03-8, is a semi-solid mixture of hydrocarbons, with a majority carbon numbers mainly
higher than 25. The petroleum jelly may comprise a semi-solid mixture of hydrocarbons,
having a melting-point usually within a few degrees of 75°C (167°F). Petroleum jelly can
comprise a non-polar hydrocarbon that is hydrophobic (water-repelling) and insoluble in water.

SUPPORT CHASSIS PLACEMENT ON POSITIVE MOLD

[0096] Fig. 3-7 shows a pretreatment step 335 of coating a support chassis.
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[0097] After the mold 225 is removed from the petroleum jelly bath, the stainless steel support
chassis can be placed into the mold. The chassis support 120 may comprise an internal
support, or "skeleton”, for the placement and positioning of the transducer on the finished
assembly, and the placement and orientation of the chassis can be important to the final
performance and positional stability of the final activated assembly.

[0098] The positional stability of the chassis within the mold can be accomplished by a two-
step bumperization of the support chassis using fluorosilicone. This thin region of fluorosilicone
may comprise a cushion between the stainless steel chassis and the sensitive skin of the ear
canal.

[0099] Prior to placement in the mold 225, the support can be treated with a coating to protect
the skin of the ear canal and the tympanic membrane of the user, and to improve adherence of
the support 120 to the resilient retention structure 110. For example, the support may comprise
a metallic sheet material securely connected to the resilient Parylene™ retention structure.

[0100] The ends of support 120 can be coated in many ways. For example, each end of the
support 120 can be dipped in fluorosilicone to form an elastomeric bumper 122 on each end of
support 120.

[0101] Fig. 3-8 shows a step 340 of coupling the coated support to the mold.

[0102] When the dip coated fluorosilicone is cured, a second coating of fluorosilicone can be
applied to the ends of the support and the support can be placed in the mold. The second
application 240 can be applied to each of the cured bumpers 122. The support 120 can be
inserted into the mold and aligned with positive impression of the ear, for example aligned with
the eardrum and anterior sulcus, so as to correspond with an intended alignment of the ear of
the user. This second step application 240 of fluorosilicone can provide positional stability of
the support in the mold and provide mechanical connection between the support and the
Parylene™, for example with an increased surface area so as to improve adhesion. The
elastomer comprising fluorosilicone disposed between the support 120 and resilient retention
structure 110 can improve coupling, for example when the retention structure 110 is resiliently
deformed and the support 120 retains a substantially fixed and rigid configuration when the
retention structure and support are advanced along the ear canal. When the fluorosilicone
application is complete and fully cured, the support chassis is very stable for the handling of
the mold prior to and during the Parylene™ deposition process.

Parylene™ DEPOSITION ON POSITIVE MOLD AND SUPPORT CHASSIS

[0103] Fig. 3-9 shows a step 345 of vapor deposition of monomer precursor to the mold to
form a layer 115 of Parylene™ polymer film 250. The vapor deposition may occur in a chamber
245. The Parylene™ precursor monomer enters the mold through an opening 229
corresponding to a cross section of the ear canal EC. The vapor is deposited on support 120
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and bumpers 122. The bumpers 122 contact the release agent 231 deposited on the cured
coating 215. The vapor deposition and Parylene™ formation process can occur at an ambient
room temperature, for example when the release agent comprising petroleum jelly is a solid.

[0104] Fig. 3-9A shows the structure of Parylene™ in accordance with examples. Parylene™
is the trade name for members of a unique genus of polymers, which includes one or more of
Parylene™ N, Parylene™ C, or Parylene™ HT among others. The resilient retention structure
110 as described herein may comprise one or more commercially available Parylene™, such
as one or more of Parylene ™ N, Parylene™ C, or Parylene™ HT. The thickness of the
retention structure 110 can be within a range from about 2 um to about 100 um, for example
within a range from about 5 to 50 um, so as to provide the custom resilient retention structure
110 from the custom acrylic mold substrate such that the retention structure can be resiliently
folded by the skin tissue of the ear canal when advanced along the ear canal. Work in relation
to examples suggests that a Parylene™ thickness within a range from about 10 to 25 um can
be preferred. The modulus of the deposited layer 115 comprising Parylene™ can be at least
about 200,000 PSI, for example at least about 300 PSI. Based on the teachings described
herein, a person of ordinary skill in the art can determine the modulus and thickness so as to
provide resilient structure 110 with suitable rigidity for advancement along the ear canal and
placement against one or more of the eardrum or skin as described herein.

[0105] Parylene™ comprises a polymer having aromatic rings connected with carbon-carbon
bonds. Parylene™ can be formed with deposition of monomer molecules having the aromatic
rings, so as to form the Parylene™ polymer having the aromatic rings.

[0106] In accordance with examples described herein, Parylene™ can be formed with
deposition on a substrate corresponding to a shape profile of a tissue structure of the subject,
and the formed Parylene™ can unexpectedly be separated from the substrate so as to provide
the resilient support having the shape profile of the subject. ParylenesTM suitable for
incorporation in accordance with examples as disclosed herein are described on the world
wide web, for example on Wikipedia. (wikipedia.org/wiki/Parylene)

[0107] Parylene™ is the trademark for a variety of chemical vapor deposited poly(p-xylylene)
based polymers and derivatives thereof that can be deposited on the substrate with a release
agent to form the support. The Parylene™ may comprise one or more of Parylene™ A,
Parylene™ C, Parylene™, D or Parylene™.

[0108] Parylene™ C and AF-4, SF, HT can be used for medical devices and may comprise an
FDA accepted coating devices permanently implanted into the body.

[0109] Fig. 3-9B shows the structure of Parylene™ C. In many examples, the Parylene™
comprises Parylene™ C having a hydrogen atom of the benzene ring substituted with

substituted chlorine, for example at the C1 location.

[0110] Parylene™ N is a polymer manufactured from di-p-xylylene, a dimer synthesized from



DK/EP 2656639 T3

p-xylylene. Di-p-xylylene, more properly known as [2.2]paracyclophane, can be made from p-
xylylene in several steps involving bromination, amination and elimination.

[0111] Parylene™ N may comprise an unsubstituted molecule. Heating [2.2]paracyclophane
under low pressure (0.01 - 1 Torr) conditions can give rise to a diradical species which
polymerizes when deposited on a surface. The monomer can be in a gaseous phase until
surface contact, such that the monomer can access the entire exposed surface.

[0112] There are many Parylene™ derivatives, Parylene™ N (hereinafter "N Poly(p-xylylene)",
hydrocarbon), Parylene™ C (hereinafter "poly(chloro-p-xylylene)", one chlorine group per
repeat unit), Parylene™ D (hereinafter "poly(dichloro-p-xylylene)”", two chlorine groups per
repeat unit), Parylene™ AF-4 (generic name, aliphatic flourination 4 atoms), Parylene™ SF
(Kisco product), Parylene™ HT (hereinafter "fluorinated poly(p-xylylene)", AF-4, SCS product),
Parylene™ A (one amine per repeat unit, Kisco product), Parylene™ AM (one methylene
amine group per repeat unit, Kisco product), Parylene™ VT-4 (generic name, fluorine atoms
on the aromatic ring), Parylene™ CF (VT-4, Kisco product), and Parylene™ X (a cross-linkable
version, not commercially available).

[0113] Parylene™ can have the following advantages: a hydrophobic, hydrophobic, chemically
resistant; biostable, biocompatible coating; FDA approved, thin highly conformal, uniform,
transparent coating, coating without temperature load of the substrates as coating takes place
at ambient temperature in the vacuum, homogeneous surface, low intrinsic thin film stress due
to its room temperature deposition, low coefficient of friction (AF-4, HT, SF). The Parylene™
coating can have a uniformity within a range from about +/- 25 percent, for example.

Parylene™ FILM REMOVAL/CUTTING

[0114] Fig. 3-10 shows a top view of the mold and step 350 of cutting the layer 115 of
Parylene™ polymer film 250 to prepare the film for removal from the mold.

[0115] Once the Parylene™ has been deposited onto the mold/support/flucrosilicone
assembly, the next step can be to remove the Parylene™ structure (herein "film") from the
mold. Due to the extremely thin cross section of the Parylene™ and its relatively inelastic
mechanical properties, the Parylene™ layer 115 of polymer film 250 can be subject to being
permanently deformed during removal, which can compromise its dimensional accuracy as it
relates to the human anatomy such that the film may no longer fit in the ear. This is where the
preparation of the mold can be helpful to the successful removal of the Parylene™ film. The
defect-free, smooth surface of the mold and lubricious character of the release agent
comprising petroleum jelly can be helpful for a successful outcome at this step.

[0116] In order to prepare the mold for the film release, the mold is placed into an oven so as
to liquefy the thin layer of petroleum jelly that separates the Parylene™ film from the acrylate
mold substrate and so as to release the Parylene™ film. Alternatively or in combination, the
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release agent may comprise a surfactant, or polyethylene glycol (hereinafter "PEG") and the
Parylene™ film can be separated from the mold with water so as to decouple the then fim
from the mold when the water contacts the surfactant.

[0117] The film 250 is then cut along the circumference of the machined upper surface 227 of
the mold so as to provide a flat, substantially circular flange 252, which can be used as a
handle with which the film can be removed from the mold.

[0118] Fig. 3-11 shows step 355 of removing the layer 115 of Parylene™ polymer film 250
from the mold with the film comprising a 3D self supporting structure and suitable for
supporting with a backing material for cutting. The support 120 and the Parylene™ film
comprising the resilient retention structure 110 are shown removed from the mold. The thin film
can benefit from a stiff backing material in order to be accurately cut with acceptable edge
condition. The film can be supported with a backing material such as polyethylene glycol
(hereinafter "PEG") In order to accomplish this, the intact free film is filled with heated liquid
polyethylene glycol (PEG) which hardens when it cools to room temperature as described
herein. Due potentially excessive shrinkage, the film can be lightly pressurized to force the
outer dimensions of the film to be maintained during the PEG cooling.

[0119] Fig. 3-12 shows a step 360 of cutting the layer 115 of polymer film 250 with a backing
material, in accordance with examples of the method of Fig. 3.

[0120] The film can be cut into the intended shape. The film 250 can be fixed by the flat flange
252 to an X, Y, Z alignment device 264. The alignment device 264 may comprise an alignment
device having six degrees of freedom, three rotational and three translational, such as a
goniometer coupled to an X)Y,Z, translation stage. A planar cutting guide can then correctly
oriented to the first desired cut. The outside of the PEG-filled film is then scored with a blade to
cut through the film along the plane 262 of the blade guide 260 . A second cut is made in the
same manner, the result of which may comprise the desired shape of retention structure 110
and support 120. Alternatively to mechanical cutting, the Parylene™ coating can be cut with
light such as excimer laser ablation, or other laser ablation, for example. The PEG can be
dissolved with water.

[0121] The resilient Parylene™ retention structure and support 120 can be suitable
combination with additional components of output transducer assembly 100 as described
herein.

[0122] In some examples, the vapor comprises polyvinyl alcohol (PVA), or its hydrogel form
(PVA-H).

[0123] Alternative to Parylene™ deposition or in combination with Parylene deposition, the
deposited material may comprise one or more of a hydrogel material such as polyvinyl alcohol
(hereinafter "PVA"), a sugar, cellulose, a carbon based material such as a diamond like coating
or silicon based material such as SiO2. The material can be deposited in many ways such as
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vapor deposition, thermo deposition, radiofrequency deposition, or plasma deposition. For
example, PVA-H can be blended before or after deposition with one or more other materials
such as chitosan, gelatin, or starch. PVA-H can be deposited and polymerized by chemical
crosslinking photocrosslinking, irradiation, or physical crosslinking, such as a freeze-thaw
technique. When PVA-H is crosslinked, the cross-linked PVA-H can have stable volume and
material properties. The deposited polymer can be coagulated, for example with quenching a
deposited polymer solution in an aqueous nonsolvent, resulting in solvent-nonsolvent
exchange and polymer precipitation.

[0124] A biocompatible nano composite material can be formed when PVA is combined with
bacterial cellulose (BC) fibers. These can have the desired mechanical properties and
manufacturing repeatability to make a resilient retention structure as described herein.

[0125] In many examples, the monomer molecules are deposited and polymerized using
thermal deposition methods and using Radio Frequency deposition methods, such as plasma
vapor deposition. Carbon based materials such polyethylene are compatible with such
techniques.

[0126] The method 300 can be performed in many ways, and one or more of the materials
may be substituted or combined with one or more materials to provide one or more of the
steps as described herein. The material to provide the coating 215 on the PVS negative
impression 210 can be one or more of many materials that can provide a stiff coating that
retains the shape of the impression, for example with a stiff shell 215. In many examples, the
material provides a rigid shell 215 over the PVS negative impression when cured. Suitable
materials include adhesive, UV curable adhesive, epoxy, UV curable epoxy, UV curable
acrylates, PMMA, and other castable resins such as epoxy, polyester, etc.. The material of the
coating 215 may comprise a substantially non-porous material, such as epoxy. Work in relation
to examples indicates that UV curable adhesives such as UV curable epoxy substantially retain
the shape of the negative impression 210 when cured, and that epoxies may comprises a
porosity substantially less than acrylates such as PMMA. A UV cured epoxy can retain the
shape of the negative impression 210, and has a sufficiently low porosity so as to be capable
of use with one or more of many release agents.

[0127] The use of clear mold materials can enable visualization of components when place so
as to ensure proper alignment with the tissue structures of the ear canal. For example, the
photodetector can be placed within the canal of the positive mold and visualized and aligned
within the canal so as to ensure alignment, for example. In many examples, a plurality of
components are visualized within the canal, for example, the placement of one or more of the
support 120, the transducer 130, the post 134, the coupling structure 136, the at least one
spring 140, or the photodetector 150, and combinations thereof, can be visualized and aligned
when placed in the canal of the positive mold.

[0128] In order to make the positive mold 225, the coating 215 and PVS impression 210 can
be handled in many ways so as to protect of the fragile thin shell and to provide a base for
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future handling. The PVS impression 210 and coating 215 can be embedded in a small
container, for example cylindrical cup 220, holding a flowable material similar to the material of
coating 215. The flowable material can harden over the coating 215 so as to protect coating
215. The flowable material that hardens over the coating 215 may comprise one or more of
resin, pattern resin, epoxy, epoxy resin, or UV curable epoxy resin, for example. In many
examples, the flowable material comprises a UV curable resin 222 which is cured in the
container, for example cup 220.

[0129] The positive mold 225 may comprise a translucent mold to allow visualization of the
components placed in the positive mold, and in many examples mold 225 is transparent. The
coating 215 may comprise a translucent material, for example a transparent material, and the
material placed over the coating 215 to form mold 225 may comprise a translucent material,
for example a transparent material. The positive mold 225 can be machined in many ways,
and the optically transmissive material can be machined so as to provide a smooth surface
permitting visualization of the components placed in the positive mold 225.

[0130] The release agent 231 provided on coating 215 to release the layer 115 of Parylene™
film 250 may comprise one or more of PEG, a hydrophilic coating, a surface treatment such as
corona discharge, a surfactant, a wax, hydrophilic wax, or petroleum jelly, for example. The
release agent 231 may comprise a material deposited on the surface, such as a surfactant, or
a surface resulting from treatment such as corona discharge such that the surface becomes
hydrophilic in response to the treatment.

[0131] In many examples, the coating 215 comprises a UV curable epoxy and the release
agent 231 comprises a hydrophilic material, such that the coating 215 can be separated from
the layer 215 with application of a solvent such as water.

[0132] In many examples, the coupling structure 136 comprises layer 115 of Parylene™ film
250. The release agent 231 provided on coating 215 can be configured so as to release the
layer 115 of Parylene™ film 250 from positive mold 225 at a location corresponding to coupling
structure 136. The layer 115 can be removed from positive mold 225, and the layer 115 can be
cut so as to permit coupling structure 136 to vibrate. For example, the layer 115 can be cut so
as to separate the coupling structure 136 from the retention structure 110. The coupling
structure 136 comprising layer 115 can reduce the mass of the vibratory structures coupled to
the umbo, can provide anatomical alignment of the coupling structure 136 to the umbo, and
can be readily manufactured based on the teachings described herein, and can ensure that
the coupling structure 136 remains attached to post 134.

[0133] It should be appreciated that the method 300 of making the resilient retention structure
provides non-limiting examples in accordance with examples as described herein. A person of
ordinary skill in the art will recognize many variations and adaptations based on the teachings
described herein. For example, the steps of the method can be performed in any order, and
the steps can be deleted, or added, and may comprise multiple steps or sub-steps based on
the teachings described herein. Further the method can be modified so as to provide any
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retention structure or output transducer assembly as described herein and so as to provide
one or more of the functions any one or more of the retention structures or assemblies as
described herein.

[0134] Fig. 4 shows an assembly drawing and a method of assembling output transducer
assembly 100, in accordance with examples of the present disclosure. The resilient retention
structure 110 as described herein can be coupled to the support 120 as described herein, for
example with bumpers 122 extending between the resilient retention structure 110 and the
support 120. The resilient retention structure 110 may define an aperture 110A having a width
110AW corresponding to the wide profile configuration. The support 120 may define an
aperture 120A having a width 120AW that remains substantially fixed when the resilient
retention structure is compressed. The aperture 110A of the resilient retention structure can be
aligned with the aperture 120A of the support. The support 120 can be affixed to resilient
retention structure 110 in many ways, for example with one or more of Parylene™ vapor
deposition as described herein, or with an adhesive, or combinations thereof. The resilient
retention structure 1 10 may comprise the Parylene™ layer 115, a fluorosilicone layer 115, an
O-ring sized to the user, or a C-ring sized to the user, or combinations thereof.

[0135] The support 120 can be coupled to the photodetector 150 as described herein. The
support 120 may comprise mounts 128, and mount 128 can be coupled to couple arm 128 and
bracket 152, such that the support is coupled to the photodetector 150.

[0136] The transducer 130 may comprise a housing 139 and a mount 138 attached to the
housing, in which the mount 138 is shaped to receive the at least one spring 140. The
transducer 130 may comprise a reed 132 extending from the housing, in which the reed 132 is
attached to a post 134. The post 134 can be connected to the inner soft coupling structure
136.

[0137] The support 120 can be coupled to the transducer 130 with the at least one spring 140
extending between the coil and the transducer such that the inner soft coupling structure 136 is
urged against the eardrum TM when the assembly 100 is placed to transmit sound to the user.
The support 120 may comprise mounts 126, for example welded tubes, and the mounts 126
can be coupled to a first end of the at least one spring 140, and a second end of the at least
one spring 140 can be coupled to the transducer 130 such that the at least one spring 140
extends between the support and the transducer. The spring has a spring constant
corresponding approximately to a mass and distance from the pivot axis of the coil spring to
the inner soft coupling structure 136 such that the spring urges the inner soft coupling structure
toward the eardrum TM within a range of force from about 0.5 mN to about 2.0 mN when the
resilient retention structure 110 is placed against one or more of the eardrum, the eardrum
annulus or the skin of the ear canal wall, for example skin of an anterior sulcus define with the
ear canal wall. The coil spring may comprise a torsion spring, and the torsion spring constant

can be within a range from range from 0.1e-5 to 2.0e-4 mN*m/rad, for example within a range
from about 0.5e-5 N-m/rad to about 8e-5 N-m/rad. This range can provide sufficient force to
the inner support so as to maintain coupling of the inner support to the eardrum when the head
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of the user is horizontal, for example supine, and when the head is upright, for example
vertical.

[0138] The resilient retention structure and the support can be configured in many ways so as
a resistance to deflection within a range from about 1 N/m to about 10,000 N/m, for example
within a range from about 250 N/m to about 10,000 N/m. The resistance to deflection within
this range can provide sufficient stiffness to the retention structure 110 to support the
transducer with the retention structure and so as to allow the retention structure to deflect
inward when advanced into the ear canal so as to comprise the narrow profile configuration
when the retention structure 110 slides along the ear canal, for example. In many examples,
the resistance to deflection of the retention structure 110 coupled to support 120 is between
the resistance to deflection of the ear canal and the resistance to deflection of the eardrum.
The resistance to deflection within this range provides sufficient support to displace the
eardrum and enough flexibility to permit the retention structure 110 to transform from the wide
profile configuration to the narrow profile configuration as described herein when advanced
into the ear canal.

[0139] Figs. 5A and 5B show top and bottom views, respectively, of an output transducer
assembly 100 having a retention structure 1 10 comprising a stiff support 120 extending along
a portion of the retention structure. The stiff support 120 may comprise a pair of arms
comprising a first arm 121, a second arm 123 opposite the first arm, and an intermediate
portion 125 extending between the first arm and the second arm. The stiff support 110 may
comprise the resilient spring 140 coupled to the intermediate portion 125, for example. In many
examples, the resilient spring and stiff support 120 comprise an integrated component such as
an injection molded unitary component comprising a modulus of elasticity and dimensions so
as to provide the resilient spring 140 and the stiff support 110.

[0140] The stiff support 120 and resilient spring 140 can be configured to couple the output
transducer 130 to the eardrum TM when the retention structure is placed. The resilient spring
140 can be attached to the stiff support 120, such that the resilient spring 140 directly engages
the stiff support 120. The stiff support 120 can be affixed to the resilient spring 140 so as to
position the structure 136 below the retention structure 110, such that the structure 136
engages the tympanic membrane TM when the retention structure 110 is placed, for example
on the eardrum annulus TMA. The resilient spring 140 can be configured to provide an amount
of force to the eardrum when placed.

[0141] The stiff support can be configured in many ways so as to comprise the stiffness
capable of deflection when placed and resistance to deflection to couple the output transducer
130 to the eardrum TM. The stiff support 120 may comprise one or more of many materials
such as polymer, cured epoxy, silicone elastomer having a suitable rigidity, biaxially-oriented
polyethylene terephthalate (hereinafter "BoPET", commercially available under the trademark
mylarTM), metal, Polyether ether ketone (hereinafter "PEEK"), thermoplastic, shape memory
material, nitinol, thermoplastic PEEK, shape memory PEEK, thermoplastic polyimide, acetal,
Parylene™, and combinations thereof, for example. These polymer materials can be
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crosslinked to enhance their resistance to long term creep. The stiff support material may
comprise a modulus, tensile strength and dimensions such as a cross-sectional diameter and
length so as to provide the stiffness capable of deflection when placed and resistance to
deflection to couple the output transducer.

[0142] The resilient spring 140 can be configured in many ways so as to comprise the
resistance to deflection and force in response to displacement so as to couple the output
transducer 130 to the eardrum TM. In many examples, the resilient spring 140 comprises a
cantilever, in which the cantilever is fixed on a first end to the stiff support 120 and affixed to
the output transducer 130 on an opposite end. The spring 140 may comprise one or more of
many materials such as polymer, cured epoxy, elastomers, MylarTM, metal, Polyether ether
ketone (hereinafter "PEEK"), thermoplastic, shape memory material, nitinol, thermoplastic
PEEK, shape memory PEEK, and combinations thereof, for example. The resilient spring
material may comprise a modulus, tensile strength and dimensions such as a cross-sectional
diameter and length so as to provide the stiffness capable of deflection when placed and
resistance to deflection to couple the output transducer.

[0143] The stiff support 120 and resilient spring 140 may comprise similar materials, and may
comprise substantially the same material in many examples, for example.

[0144] The coupling structure 136 many comprise one or more of many materials as described
herein. For example the coupling structure 136 may comprise a soft material such as an
elastomer, for example. Alternatively, the coupling structure 136 may comprise a stiff material,
for example a layer of Parylene™ film as described herein. The coupling structure 136 may
comprise layer 115 deposited on the positive mold, for example. The Parylene™ layer can be
cut as described herein so as to provide the coupling structure 136, for example. Alternatively,
the coupling structure may comprise a curable material, for example a UV curable epoxy.

[0145] In many examples, the assembly 100 comprises a biasing structure 149 coupled to the
stiff support 120 and the resilient spring 140 to position the structure 136 for engagement with
the eardrum TM. The at least one spring 140 may comprise a resilient cantilever beam, for
example a spring having a size and thickness as described herein. The biasing structure can
be configured in many ways, and may comprise a shim or spacer, for example. The biasing
structure 149 can be placed between the stiff support 120 and resilient spring 140 so as to
deflect the spring and position the structure 136 to engage the eardrum TM. For example, the
biasing structure 149 can be placed on a lower surface of stiff support 120 and on an upper
surface of resilient spring 140 so as to deflect the spring. The biasing structure coupled directly
to the stiff support 120 and resilient spring 140 can inhibit creep of the structure 1 36 relative to
retention structure 110 so as to maintain coupling of the structure 136 to the eardrum when
placed. In many examples, the biasing structure is adjusted to deflect the resilient spring 140
prior to or subsequent to deposition of the layer 115, such that the layer 115 can lock the
biasing structure in place.

[0146] The photodetector 150 can be attached to the output transducer 130 with a mount 153.
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The photodetector and output transducer can deflect together when the biasing structure 149,
for example a spacer, is adjusted to couple the output transducer 130 and the structure 136 to
the tympanic membrane TM.

[0147] In many examples, the components are assembled in the mold and coated with
Parylene™. The photodetector 150 can be placed in the mold and coated with one or more
components of output transducer assembly 100. The layer 115 of film 250 may comprise a
translucent material that can be deposited on the light receiving surface of the photodetector
150. A substantial amount of light can be transmitted through the coating and received with the
photodetector to provide the output signal to the user. Parylene™ comprises a light
transmissive material such that the coating can be any desirable thickness so as to provide
strength to assembly 100. The resilient spring 140 can be coated with the layer 115, for
example the layer Parylene™ film 250 as described herein. Each of the components of the
output transducer assembly 100 can be coated with the layer 115 of Parylene™ film, for
example, so as to provide a protective coating and form the resilient retention structure 110.

[0148] Fig. 5A1 shows an integrated component 400 comprising the stiff support 120 and
resilient spring 140. The integrated component 400 can be formed in many ways. The
integrated component can be formed by one or more of placing a flowable material in a mold,
curing a flowable material, or an injection molding, and combinations thereof. The integrated
component 400 may comprise a modulus of elasticity and dimensions so as to provide the
resilient spring 140 and the stiff support 110 based on the cross-sectional dimensions and
length of the spring 140 and cross-sectional dimensions and length of stiff support 140.

[0149] Figs. 5A2 and 5A3 show cross-sectional views of the resilient spring 140 and the stiff
support 120, respectively. The resilient spring 140 may comprise a leaf spring having a
thickness 140T and a width 140W, for example. The stiff support 120 may comprise a cross-
sectional dimension 120D, for example. The thickness 140T may be less than a cross-
sectional dimension of the stiff support 120 and a width greater than the cross-sectional
dimension of the stiff support. For example, the leaf spring may have a thickness less than a
cross-sectional diameter of the stiff support 120 and a width greater than the cross-sectional
diameter of the stiff support. Alternatively, the stiff-support may have non-circular cross-
sectional dimensions, such as oval, square, or rectangular, for example.

[0150] Figs. 5A4 and 5A5 show a top view and a side view, respectively, of a stiff support 120
comprising a graspable projection 410 that may be used to place the output transducer
assembly in the ear canal. The projection 410 can be affixed to the stiff support 120. The at
least one spring 140 may comprise a resilient spring having a width and thickness as described
herein and can be affixed to the stiff support 120. The at least one spring 140 may comprise a
cantilever spring affixed to stiff support 120 on one end and supporting the transducer on the
other end, for example. Alternatively or in combination, the projection 410 may be detachable
from the stiff support 120. In many examples, the integrated component 400 comprises the
resilient spring 140, the stiff support 120, and the projection 410. The integrated component
400 can be made in one or more of many ways as described herein, and may comprise
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substantially the same material for each of the stiff support 120, the resilient spring 140 and
the projection 410.

[0151] Fig. 5B1 shows a lower surface structure 136 positioned a distance 149D beneath the
lower surface of retention structure 110. The distance 149D may comprise a sufficient
distance, for example about 1 mm such that structure 136 can engage the eardrum TM with
movement of the eardrum, for example movement in response to pressure change. Changes
in atmospheric pressure can result in displacements of the umbo of about 1 mm, for example.
The amount of displacement for sound can be about 1 um, for example. The resilient spring
structure 140 can be configured so as to deflect about 1 mm and provide a force to the
eardrum TM, for example about 5 mN. The deflection of the coupling structure 136 at the
umbo can be about 3 mm during placement of the device, and the at least one spring 140 can
be configured to deflect at least about 3 mm, for example.

[0152] Fig. 5B2 shows a component of the output transducer assembly 100 retained between
a first layer 115A and a second layer 115B. The layer 115 may comprise the first layer 115A
and the second layer 115B, for example. Any one or more of the components of the transducer
assembly 100 can be placed on the first layer 115A, and the second layer 115B applied so as
to affix the one or more components between the first layer 115A and the second layer 115B.
For example, the one or more components can be sandwiched between the first layer 115A
and the second layer 115B so as to retain the one or more components between the first layer
and the second layer, which each may comprise Parylene™. In many examples, the stiff
support 110 can be retained between a first layer 115A and a second layer 115B of the
retention structure 115B. The first layer 115A and the second layer 115B may increase the
stiffness of the stiff support 120 when retained between layers, for example.

[0153] In many examples, the stiff support 120 and resilient retention structure 110 can be
resiliently deflected when inserted into the ear canal EC. To place the retention structure 110
on the surface of one or more of the eardrum TM, the eardrum annulus TMA, or the bony
portion BP of the ear canal, it can be helpful, and in some instances necessary, for the
retention structure to deflect from a wide profile configuration having a first width 110W1 to an
elongate narrow profile configuration having a second width 110W2 when advanced along the
ear canal EC as described herein. The stiff support 120 can be configured to deflect inward to
provide the narrow profile configuration, and configured with sufficient resilience so as to return
to the wide profile configuration having the first width when placed. The stiff, deflectable
support 120 may also comprise sufficient stiffness so as to couple the output transducer 130 to
the retention structure 110 so as to distribute force of the transducer substantially along the
retention structure 110 and transmit force from the resilient spring 140 to locations away from
resilient spring 140. This distribution of force to locations away from the resilient structure 140
sufficient surface area of retention structure 110 can allow the retention structure 110 to the
couple the output transducer 130 to the eardrum with a surface tension of a coupling agent
such as an oil, for example.

[0154] The first layer 115A may be formed with film 250 as described herein. The components
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can be placed in the positive mold on the first layer 115A, which may comprise a translucent
layer, for example a transparent layer, so as to allow placement within the positive mold
transparent block 400 as described herein. The second layer 115B can be deposited on
positive mold having the components placed on the first layer.

[0155] Figs. 6A and 6B show side and top views, respectively, of a resilient retention structure
comprising a stiff support extending along a portion of the resilient tubular retention structure.
The stiff support 120 may comprise a pair of arms comprising a first arm 121, a second arm
123 opposite the first arm, and an intermediate portion 125 extending between the first arm
and the second arm. The retention structure 110 comprises a curved portion, for example an
arcuate portion 111, so as to engage the ear canal wall opposite the eardrum TM. The curved
portion such as arcuate portion 111 can improve stability of the retention structure 110 in the
ear canal, and provide improved coupling of the transducer 130 to the eardrum TM so as to
decrease reliance on oil, for example. The curved portion such as arcuate portion 111 provides
a structure opposite the tympanic membrane TM, and provides a second region on an
opposite side of the ear canal to which the retention structure 110 and transducer 130 can
couple. The retention structure and arcuate portion 111 comprise the layer 115 of material
comprising Parylene™ film 250, such that the retention structure comprising arcuate portion
111 is shaped to the ear canal EC of the user as described herein.

[0156] The resilient retention structure 110 can engage one or more of the bony portion BP of
the ear canal wall, the eardrum annulus TMA, the eardrum TM. In many examples, the leading
end opposite the stiff support 120 can extend into the anterior sulcus when placed. The
retention structure 110 may comprise a substantially tubular portion of the film 250 deposited in
the ear canal mold. The substantially tubular portion may comprise a medial cut edge 110A1
and a lateral cut edge 110A2. The cut edge 110A1 and the cut edge 110A2 may define ends of
the substantially tubular cut portion of the film 250. The substantially tubular portion may
comprise an axis, and the cut edge 110A1 and the cut edge 110A2 can be cut oblique to the
axis. Aperture 110A can extend through the substantially tubular retention structure 110.

[0157] Figs. 7A, 7B and 7C show side, top and front views, respectively, of an output
transducer assembly 100 having a resilient retention structure 110 comprising curved portion
such as an arcuate portion 111 and a stiff support 120 extending along a portion of the resilient
retention structure. The retention structure 110 comprises a curved portion such as an arcuate
portion 111 to engage the ear canal wall opposite the eardrum TM similar to the arcuate
structure of figures 6A and 6B. However, the portion extending into the anterior sulcus may be
cut away. Work in relation to examples indicates that the anterior sulcus AS can be difficult to
view, and truncation of the medial end of the film 250 can shape the retention structure 110
such to inhibit placement of the retention structure 110 in the anterior sulcus AS. The curved
portion such as arcuate portion 111 can provide substantially coupling of the transducer to the
bony portion BP of the ear canal EC wall opposite the eardrum TM. The stiff support 120 may
provide provides sufficient stiffness so as to pivotally couple transducer 130 to the canal wall
with the curved portion such as arcuate portion 111.
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[0158] The retention structure 110 can be molded as described herein so as to comprise a thin
layer 115 of material corresponding tubular portion of the ear canal. An aperture 110A can
extend through the tubular portion. The aperture 110A can be defined with a first cut profile
110A1 and the second cut profile 110A2 of the tubular section of Parylenel™.

[0159] The resilient retention structure 110 may comprise enough stiffness so as to couple the
arcuate portion to the ear canal wall opposite tympanic membrane TM to the transducer 130.

[0160] The examples illustrated in Figures 6A to 7C show examples of retention structures,
and the retention structure 110 may comprise a shape intermediate to Figures 6A-6B and
Figures 7A-7C, for example. In many examples, the layer 115 comprises a tubular structure,
and the shape of retention structure 110 depends upon the first cut profile 110A and the
second cut profile 110B, for example.

[0161] Fig. 8A shows components of an output transducer assembly 100 placed in a
transparent block 800 of material comprising the positive mold 225 of the ear canal and
eardrum of the patient. The transparent block 800 may comprise the cured coating 215, the
flat machined surface 227 and the release agent 231. The components placed in the
transparent block 800 comprising the transparent mold 225 of the ear canal and eardrum may
comprise one or more of the transducer 130, the photodetector 150, the at least one spring
140, or the support 120, and combinations thereof. The transparent block 800 permits the
components placed in the block 800 to be viewed by an eye 810 of an assembler 810. The
assembler may be a person or a machine such as a robotic arm. The Parylene™ can be
deposited before, or after the components have been placed, or both before and after the
components have been placed so as to sandwich the components between layers of
Parylene™ film 250. The photodetector can be placed in the mold 225 such that Parylene™ is
coated on the detector and light transmitted through the Parylene™ when the output
transducer assembly 100 is placed in the ear and used. In addition to providing the retention
structure 110, the sealing of the components can provide reliability and optical transmission
through the protective coating.

[0162] Fig. 8B shows a transducer 130 configured to receive a layer of a coating deposited
with a vapor as described herein.

[0163] Fig. 8C shows the transducer of Figure 8B with a deposited layer.

[0164] The transducer 130 may comprise an opening 131 formed in the casing 137 of the
output transducer 130. The reed 132 can extend through the opening 131 to couple to the post
as described herein. The deposited layer 115 may comprise the second layer 115B, for
example when the components are placed on first layer 115A. The vapor can pass through the
opening 131 to form layer 115 on the reed. The opening 131 can be sized so as to decrease
the thickness of the layer 115B deposited on the reed 132. Work in relation to examples as
described herein indicate that layer 115 can affect tuning of the reed 132. By sizing the
opening 131 to decrease the thickness of the layer 115, the output transducer 130 can be used
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with the coating 115B, for example.

[0165] In many examples, the opening 131 is sized to inhibit passage of a liquid, for example
water or oil, through the opening 131. The opening 131 can be sized based on the contact
angle of the liquid, so as to inhibit passage. For layer 115 providing a steep contact angle, the
opening 131 can be larger than for a layer 115 providing small contact angle.

[0166] Fig. 8D shows the output transducer 130 of Figure 8B with a blocking material 133 to
inhibit formation of the deposited layer on the reed 132 of the transducer. The blocking
material may comprise the backing material as described herein, for example PEG, such that
the Parylene™ deposited on the blocking material can be cut away.

[0167] Fig. 8E shows the transducer of Figure 8B with a blocking material 133 placed over a
bellows 139 to inhibit formation of the deposited layer on the bellows 139 of the transducer.
The deposited layer 115 can decrease movement of the bellows, and the structure comprising
blocking material 133 can be placed over the bellows to inhibit deposition of the material on the
bellows. The structure comprising blocking material 133 can be placed before the output
transducer 130 is placed in the transparent block 800, for example. The layer 115 deposited on
the structure comprising blocking material 133 can be cut away, so as to expose the bellows,
for example.

OLEOPHOBIC COATINGS

[0168] In many examples a coupling agent such as oil can be used to couple the output
transducer assembly 100 to the eardrum TM and wall of the ear canal EC. Although oil can be
helpful to maintain coupling, accumulation of excessive oil can decrease performance. The
inhibition of oil accumulation on vibratory components can substantially decrease autophony
when the output transducer 130 is coupled to the eardrum TM with coupling structure 136, as
microactuator of the output transducer 130 can be configured to allow the eardrum move in
response to the user's self-generated sounds so as to decrease autophony. The formation of a
puddle of oil under or over the microactuator can inhibit movement of the microactuator and
contribute to autophony, and the oleophobic coating can be configured to inhibit formation of
the puddle of oil so as to inhibit the autophony. An oleophobic coating can be provided on one
or more locations to decrease accumulation of oil. The accumulation of oil may comprise a
wetting of oil on the surfaces, and the wetting can be related to a contact angle of oil with the
surface. The oleophobic coating can be provided on one or more of the microactuator, the
resilient spring 140, the stiff support 120, the retention structure 110, one or more surfaces of
the retention structure 1 10, or one or more surfaces of output transducer 130, and
combinations thereof, so as to inhibit accumulation of oil.

[0169] The oleophobic coating may comprise one or more known coatings, and can be
provided over the layer 115, for example. In many examples, the layer 115B may comprise an
oleophobic coating. Alternatively, the oleophobic coating can be provided over the second layer
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115B.

[0170] Fig. 8F shows an oleophobic layer 135 deposited on the output transducer 130. The
oleophobic layer 135 can inhibit accumulation of oil on the housing. The oleophobic layer can
be located on one or more of many surfaces of the output transducer assembly 100.

[0171] The bellows 139 may comprise the oleophobic layer as described herein, so as to
inhibit accumulation of oil on or near the bellows, for example.

[0172] Fig. 9A shows a retention structure 110 comprising curved portion such as an arcuate
portion 111 shaped to extend along a surface of the bony portion of the ear canal opposite the
eardrum TM when placed. The retention structure 110 may comprise a stiff support 120, as
described herein, in combination with layer 115 so as to stiffen the retention structure 110, for
example. The stiff support 120 may comprise a pair of arms comprising a first arm 121, a
second arm 123 opposite the first arm, and an intermediate portion 125 extending between the
first arm and the second arm. Alternatively or in combination, the arcuate portion 111 may
comprise the stiff support in combination with the layer 115. The arcuate portion 111 can be
coupled to transducer 130 with at least one structure 199 extending between the coupling
structure 136 and the arcuate portion 111 so as to couple the arcuate portion 111 to the
eardrum TM with transducer located in between. The coupling of the arcuate portion 111 to the
transducer and to the eardrum can provide the opposing surfaces of the eardrum and the
arcuate portion 111 for the transducer to push against. The at least one structure 199 may
comprise the biasing structure 149 and at least one spring 140, for example, in which the
distance 149D between the lower surface of coupling structure 136 and the lower surface of
retention structure 110 can be adjusted prior to placement in an unloaded configuration as
described herein. The at least one structure 199 comprising the biasing structure 149 and at
least one spring can support the transducer 130 and the coupling structure 136 in the
unloaded free standing configuration as described herein.

[0173] The at least one structure 199 may comprise one or more of many structures a
described herein to couple the transducer 130 and the coupling structure 136 to the eardrum
TM, and may comprise one or more of a biasing structure, a biasing mechanism, a spring, a
coil spring, a telescopic spring, a leaf spring, a telescopic joint, a locking telescopic joint, or a
transducer.

[0174] Fig. 9B shows a dynamic biasing system 600 coupled to the arcuate portion 111 and
the coupling structure 136. The at least one structure 199 may comprise the at least one
spring 140 and the dynamic biasing system 600. The dynamic biasing system 600 can be
configured to engage the eardrum TM with coupling structure 136 when transducer 130
vibrates and configured to disengage the coupling structure 136 from the eardrum TM when
transducer 130 comprises a non-vibrating configuration, for example when no substantial
signal energy is transmitted to the output transducer assembly 100. The transducer 610 of
biasing system 600 as described herein and may comprise rectification or other circuitry, so as
to urge the output transducer 130 toward the eardrum so as to couple the output transducer to
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the eardrum in response to a signal transmitted to transducer 130. The transducer 610 of the
dynamic biasing system 600 may comprise one or more transducers as described herein, for
example one or more of a microactuator, a photostrictive transducer, a piezoelectric
transducer, an electromagnetic transducer, a solenoid, a coil and magnet, or artificial muscle,
for example. The transducer 610 can be coupled to the photovoltaic with wires and rectification
circuitry to dynamically bias the transducer 610 in response to light energy received by the
photodetector 150. Alternatively, the photostrictive material can receive electromagnetic light
energy directed toward the photodetector and bias the transducer 130 in response to the light
energy signal directed toward the photodetector 150 and received by the photostrictive
material.

[0175] The arcuate portion provides a support for the transducer to be lifted away from the
eardrum TM when the transducer 130 is not active, for example, and a support for the
transducer to engage and couple to the eardrum when the transducer 130 is active, for
example. The decoupling and coupling can decrease user perceived occlusion when the
transducer 130 is not in use.

[0176] The at least one structure 199 coupled to the curved portion 111 can be combined with
pivoting of the transducer 130 in relation to the stiff support 120 as described herein. For
example, the at least one structure 199 can urge the transducer 130 toward the eardrum to
couple to the eardrum, and the transducer 130 can be resiliently coupled to the support 120
with the at least one spring 140, for example a cantilever as described herein.

[0177] The transducer 130 may comprise one or more transducers as described herein, such
as one or more of a microactuator, a photostrictive transducer, a piezoelectric transducer,
artificial muscle, an electromagnetic transducer, a balanced armature transducer, a rod and
coil transducer, a bimorph transducer, a bender, a bimorph bender, or a piezoelectric
diaphragm, for example.

[0178] The at least one structure 199 may comprise one or more of many structures
configured to couple the transducer to the eardrum and the arcuate portion 111. For example,
the at least one structure 199 may comprise a spring or an elastic material or a combination
thereof. For example the spring may comprise a leaf spring or a coil spring. The at least one
structure 199 may comprise an elastic material, such as silicone elastomer configured to
stretch and push the transducer toward the eardrum when the support is positioned on the
eardrum. The at least one structure may comprise a viscoelastic material. Alternatively or in
combination, the post 134 may comprise the at least one structure 199. The at least one
structure 199 may comprise one or more of the tuning structures, for example. The at least
one structure may comprise a hydraulic telescoping mechanism, for example, so as to
decouple the transducer from the eardrum at low frequencies and couple the eardrum the to
transducer at high frequencies. Additional structures suitable for use with at least one structure
199 in accordance with examples are described in U.S. Pat. App. No. 61,217,801, filed June 3,
2009, entitted "Balanced Armature Device and Methods for Hearing"; and
PCT/US2009/057719, filed 21 September 2009, entitled "Balanced Armature Device and
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Methods for Hearing", published as WO 2010/033933.

[0179] The transducer 130 may pivot about a pivot axis to couple to the eardrum as described
herein.

[0180] Fig. 1 OA shows machining such as laser sculpting 500 of a negative mold to provide a
deflection of the epithelium contacting surface of the retention structure to receive migrating
epithelium. The laser sculpting may comprise ablation, for example. A laser system 530 may
comprise a laser to provide a source of laser energy, and a laser delivery system comprising
scanning optics, for example. A leaser beam 510 can be directed to the negative mold 210 to
remove material from the negative mold, such that the positive mold comprises the deflection.
The laser beam can be directed in a scan patter 520 so as to ablate a predetermined profile
540 in the surface of the negative mold.

[0181] Fig. 10B shows one or more deflections 550 of the epithelium contacting surface of the
retention structure to receive migrating epithelium. The one or more deflections 550 can be
shaped with a curved edge such that epithelium advancing toward the edge passes under the
edge. The retention structure 110 may comprise an annular retention structure having an inner
edge oriented toward the umbo and an outer edge oriented toward the canal wall. The inner
edge may comprise the one or more deflections 550 to receive the migrating epithelium.

[0182] Fig. 10C shows a epithelium 560 migrating under the one or more deflections 550 of
Fig. 10B. The retention structure may comprise an annular structure having an aperture
positionable over the umbo. In many patients, the epithelium can migrate in a direction 570
outward from the umbo along the surface of the eardrum toward the eardrum annulus and
canal wall. The epithelium can migrate from the eardrum annulus to the canal wall, and
subsequently in a direction 570 along the canal wall toward the opening to the ear canal. The
deflection 550 may comprise a portion of the retention structure having a thickness similar to a
majority of the retention structure.

[0183] In many examples, the thickness of the retention structure 110 is within a range from
about 5 to about 50 um, such that the thickness of the retention structure is approximates to
the thickness of the epithelium. The epithelium on the umbo can be about 15 um thick, for
example, and can be thicker on the ear canal, for example about 50 to 100 um thick. The one
or more deflections 550 can provide sufficient clearance to pass the epithelium under the edge
of the deflection 550. The amount of deflection may comprise a distance 580 corresponding to
the profile of material removed from the negative mold, for example the ablation profile. The
distance 580 can be proportional to the thickness of the epithelium at the location of
placement, and the distance 580 can be at least as thick as the epithelium. The distance 580
can be at least about 15 um, for example at least about 50 um, and in many examples 100 um
or more. A similar deflection can be provided by depositing material on the positive mold, for
example as an alternative to removal of material from the negative mold.

[0184] Fig. 11 shows a dynamic biasing system 600 comprising a transducer 620 configured to
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deflect the output transducer 130 toward the eardrum so as to couple the output transducer to
the eardrum. The dynamic biasing system 600 comprising the transducer 620 can move one
or more of the transducer 130, the arm 134 or the structure 136, or combinations thereof,
toward the eardrum with a movement 610. The at least one spring 140 can be coupled to the
dynamic biasing system to allow movement of the coupling structure 136. The biasing structure
149 of the at least one spring can be coupled to the at least one spring 140 as described
herein. The dynamic biasing system 600 comprising the transducer 620 may comprise one or
more of many known transducers, such as one or more of a piezoelectric transducer, a coil
and magnet transducer, a photostrictive material, artificial muscle, or combinations thereof.
The transducer 620 can be configured to couple the transducer to the eardrum when the
transducer 130 transmits sound to the user. In many examples, the dynamic biasing system
600 comprising the transducer 620 is configured to couple to the eardrum in response to the
signal transmitted to transducer 130. For example, dynamic biasing system 600 comprising the
transducer 620 may comprise rectification circuitry to provide a voltage to the transducer in
response to an AC signal to transducer 130. The transducer 620 may comprise photostrictive
material configured to provide movement 610 when a light beam is transmitted to
photodetector 150 and a portion of the light beam is absorbed by the photostrictive material.
The transducer 620 may comprise artificial muscle, commercially available from Artificial
Muscle, Inc., of Sunnyvale, CA.

[0185] Fig. 12 shows a retention structure 110 comprising layer 115 configured for placement
in the middle ear supporting an acoustic hearing aid 700. The retention structure 110
comprising layer 115 can be manufactured as described herein and configured for placement
in deep in the ear canal, so as to couple to the bony portion BP of the ear canal. The retention
structure 110 may comprise a molded tubular structure having the shape of the ear canal, and
can be manufactured from cut sections as described herein.

[0186] The retention structure 110 comprises one or more deflections 550 as described
herein. The retention structure 110 may comprise a thickness within a range from about 1 um
to about 100 um as described herein, for example within a range from about 5 um to about 50
um. The thickness of the Parylene™ retention structure within this range can be sufficiently
resilient so as to support the retention structure 110 and to deflect when inserted or the patient
chews, for example. As the epithelium covering the bony portion of the ear canal may comprise
a thickness within a range from about 50 um to about 100 um, the retention structure 110 may
comprise a thickness less than the thickness of the epithelium.

[0187] The one or more deflections 550 can be oriented toward the eardrum of retention
structure 110 and shaped so as to receive epithelium migrating outward toward the ear canal
opening. The one or more deflections deflect away from the epithelium toward the source of
epithelium so as to inhibit epithelial growth over an edge of the retention structure 550. The
eardrum is located medially M to the retention structure 110 and the ear canal opening is
located laterally L to the retention structure 110. The lateral side 110 may comprise deflections
similar to the one or more deflections 550 to facilitate removal of the retention structure 110.
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[0188] The retention structure 110 can be configured in one or more ways as described herein
so as to retain the hearing aid 700 in the ear canal. The retention structure 110 can be place in
the ear canal without lubrication and can remain in the ear canal without application of a
coupling agent such as an oil. Alternatively, the user can apply oil 750 to the ear canal, and the
oil 750 can pass between the retention structure 110 and the ear canal EC. The presence of oil
between the skin SK and the retention structure 110 can couple the retention structure to the
skin SK, and can reduce adhesion of the skin to the retention structure 110. The oil can
facilitate removal and can decrease adhesion of the skin SK to the retention structure, such
that the retention structure 110 can be removed from the ear canal without tearing of the skin
SK, for example. In many examples, the retention structure can remain placed in the ear canal
EC for one or more months, for example about three or more months.

[0189] The acoustic hearing aid 700 may comprise one or more of many components to
decrease occlusion and feedback, for example. The hearing aid 700 may comprise a
microphone 710 on the temporal side T of the device, such that the microphone 710 can be
positioned deep in the ear canal to provide sound localization. The hearing aid 700 may
comprise and acoustic speaker 720 to vibrate the eardrum TM. The hearing aid 700 can
decrease sound transmission from the acoustic speaker 720 to the microphone 710 in one or
more of many ways. The molded fit of the retention structure 110 to the ear canal can inhibit
the formation of sound conduction pathways such as gaps that can transmit sound from the
acoustic speaker to the microphone. The hearing aid 700 can be configured further to inhibit
sound transmission from the acoustic speaker to the microphone, for example by substantially
inhibiting air flow from the medial side M to the lateral side L with a casing 730 and a support
material 740 to couple the retention structure 110 to the casing 730. The casing 730 may
comprise a rigid material, and support material 740 may comprise one or more of a
compressible or an elastic material, such as a foam or elastomer or a combination thereof. The
deep placement on the bony portion BP can inhibit user perceived occlusion when the hearing
aid 700 occludes the ear canal and blocks sound transmission from the medial side M to the
lateral side L.

[0190] The acoustic hearing aid 700 may comprise one or more components of a
commercially available hearing aid, such as the Lyric™, commercially available from InSound
Medical, Inc. (website www.lyrichearing.com), or a similar known hearing aid commercially
available from Starkey, for example. The Lyric™ hearing aid can be combined with the
retention structure 110 in accordance with examples as described herein. The hearing aid 700
can be placed deep into the bony portion of the ear canal so that the receiver resides
approximately 4 mm from the eardrum, and the microphone can be 4 mm or more from the
opening of the ear canal. This placement deep in the ear canal provides a number of sound
quality benefits.

[0191] The retention structure 110 comprising layer 115 can be well suited to fit many complex
ear anatomies, including ear canals that are one or more of narrow, or short as compared to a
population of patient and combinations thereof. Additional anatomies the retention structure
110 comprising layer 110 is well suited to fit include a significant step-up in the canal floor,
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extreme v-shaped canal, or a large bulge in the canal, and combinations thereof. These
complex ear anatomies can be fit comfortably so as to decrease the chance of discomfort to
the user. The retention structure 115 comprising layer 1 10 can provide a lateral seal of the ear
canal so as to inhibit feedback and decrease occlusion.

[0192] The placement deep in the ear canal can provide improved directionality and
localization (ability to tell where sounds are coming from). The hearing aid 700 placement deep
in the ear canal can allows the pinna (outer part of the ear) to interact naturally with incoming
sounds. The acoustic transformations produced by the pinna as sound enters the ear canal
contribute to the ability to accurately determine where sounds are coming from in the
environment, similar to assembly 100.

[0193] The hearing aid 700 can provide decreased user perceived occlusion and decreased
feedback. As the receiver sits closer to the eardrum than with traditional hearing aids, less
output can be used to accommodate hearing loss, which can decrease feedback.

[0194] The hearing aid 700 can reside substantially in the hard-walled bony portion BP of the
ear canal, so as to decrease movement of the device. As the retention structure 110 can be
molded, the fit between the ear canal and the device can inhibit sound transmission between
the retention structure 110 and the ear canal so to inhibit feedback. The placement deep in the
ear canal can allow the hearing aid 700 to be configured so as to inhibit sound transmission
from the receiver end toward the microphone, similar to the Lyric™.

[0195] The hearing aid 700 can be retained anchored in the ear canal so as to inhibit slippage
and also in a manner that fits irregular shapes and contours of various ear canals, as the
retention structure 110 can be molded. As the retention structure 110 comprises a resilient
structure capable of changing shape, the fit to the ear canal can be maintained when the ear
changes shape during chewing and talking. This can prevent slippage of the hearing aid 110
and inhibit sound leakage and feedback.

[0196] Deep canal fitting of hearing aid 700 can result in an increase in sound pressure level at
the eardrum as compared with a conventional hearing aid. This increase can be up to 15dB in
the high frequencies, and can caused by a combination of reduced residual ear canal volume
between the receiver and the eardrum and the microphone location deeper in the ear canal
allowing for pinna effects.

[0197] Security of fit and retention of the molded retention structure 110 can provide improved
patient comfort with hearing aid 700.

EXPERIMENTAL

[0198] Output transducer assemblies as described herein have been placed in many ears of
many users to evaluate comfort, sound quality and retention. In many examples, the retention
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structure comprises a Parylene™ coating having a thickness of about 20 um.

[0199] The retention structure having this thickness can deform when advanced along the ear
canal of the user and can expand to the wide profile configuration comprising the shape of the
ear canal based on the vapor deposition to the positive mold as described herein. The
resistance to deflection can be determined with concentrated loads on opposite sides of the
retention structure similar to the inward deflection provided by ear canal, for example.

[0200] The resistance to deflection can be determined based on material properties and
dimensions of the retention structure 110 as described herein. Non-limiting examples of
numerical calculations to determine the approximate resistance to deflection include
calculations for the following two examples:

[0201] Example 1. The retention structure 110 comprises a flat ribbon 2mm high and 18um
thick. The radius is 5mm and the elastic modulus is about 1 GPa. The resistance to deflection
of the stiff retention structure is about 5 N/m. In many examples, a lower resistance to
deflection can be used, for example about 1 N/m,

[0202] Example 2. The retention structure comprises a ¢ channel 2mm high (with a radius of
1mm) and 18um thick. The overall radius is 5mm and the elastic modulus is about | GPa. The
resistance to deflection of the stiff retention structure is about 27,000 N/m. As the asymmetric
shape of the anatomy of the ear canal may result in varying resistance to deflection along the
perimeter of the retention structure, local areas of the retention structure may absorb a
substantial majority of the deflection, such that a resistance to deflection of about 10,000 N/m
may be appropriate. The resistance to deflection can be within a range from about 1 N/m to
about 10,000 N/m, for example.

[0203] In many examples, the eardrum comprises a resistance to deflection of about 250
N/mm. In some examples, it can be helpful to provide the retention structure with a resistance
to deflection within a range from about 250 N/m to about 10,000 N/m, for example.

[0204] While the exemplary examples have been described in some detail, by way of example
and for clarity of understanding, those of skill in the art will recognize that a variety of
modifications, adaptations, and changes may be employed. Hence, the scope of the present
invention shall be limited solely by the appended claims.
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Patentkrav

1. Hereapparat til anbringelse hos en bruger, hvilket apparat omfatter:

en transducer (130) til at fa en trommehinde til at vibrere;

en retentionsstruktur (110), hvor retentionsstrukturen (110) omfatter en efter-
givelig retentionsstruktur til bevarelse af en placering af transduceren (130),
nar den er koblet til brugeren;

kendetegnet ved at retentionsstrukturen (110) omfatter et lag af polymer med
en formprofil, der svarer til et vaev af brugeren, til kobling af transduceren (130)
til brugeren og er tilpasset i st@rrelse til at passe i en sregang af brugeren og
bergre en trommehinde-annulus til bevarelse af en placering af transduceren
(130), nér den er anbragt i @regangen.

2. Apparat ifglge krav 1, hvor retentionsstrukturen (110) omfatter en krum del
med en formprofil, der svarer til den anteriore sulcus af gregangen og den
anteriore del af trommehinde-annulus, og er tilpasset til i brug at blive koblet til
en gregangsvaeg orienteret mod trommehinden til kobling af transduceren
(130) til trommehinden, eventuelt

(i) hvor den krumme del kobles til aregangen pa en ferste side af @regangen
over for trommehinden, og hvor en anden del af retentionsstrukturen (110)
kobles til en anden side af aregangen over for den ferste side, séledes at re-
tentionsstrukturen (110) holdes i aregangen, eller

(i) hvor den krumme del og den anden del er forbundet til definering af en
abning, der streekker sig derimellem, séledes at mindst en del af trommehin-
den kan ses, ndr den krumme del kobles til den ferste side af gregangen, og
den anden del kobles til den anden side.

3. Apparat ifslge krav 1, hvor apparatet omfatter et fgrste lag af et polymer-
iserbart materiale og et andet lag af et polymeriserbart materiale, og hvor kom-
ponenter af en hgreindretning befinder sig mellem det fgrste lag og det andet

lag.
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4. Apparat ifslge krav 1, hvor laget omfatter et materiale, der har en tykkelse,
sa det kan modsté afbgjning veek fra formprofilen, og hvor laget omfatter form-
profilen i en ubelastet konfiguration, eventuelt hvor:

(i) transduceren (130) er tilpasset til at blive koblet til en veevsstruktur med en
modstandskraft mod afbgjning, og hvor laget omfatter en sterre modstands-
kraft mod afbgjning end vesvsstrukturen;

eller

(i) laget omfatter en tykkelse inden for et omrade fra ca. 1 um til ca. 100 um;
eller

(iii) laget omfatter en i det veesentlige ensartet tykkelse til tilvejebringelse af
modstandskraft mod afbajning og formprofilen i den ubelastede konfiguration,
eventuelt hvor den i det vaesentlige ensartede tykkelse af laget er ensartet il
inden for ca. +/- 25 procent af en gennemsnitlig tykkelse til tilvejebringelse af
formprofilen.

5. Indretning ifelge krav 1, hvor retentionsstrukturen (110) omfatter et lag, der
bestar af en eller flere af poly(chlor-p-xylylen), poly(p-xylylen), poly(dichlor-p-
xylylen) eller fluorineret poly(p-xylylen).

6. Apparat ifglge krav 1, yderligere omfattende:

en baerer (120) til kobling af transduceren (130) til retentionsstrukturen (110),
eventuelt hvor:

(i) beereren (120) omfatter en stiv baerer med et par krumme arme, der straek-
ker sig i det vaesentlige langs udvendige dele af retentionsstrukturen (110), og
hvor de krumme arme er indrettet til at afbgjes indad med retentionsstrukturen
(110), nar baereren (120) feres frem langs en sregang af brugeren; eller

(i1) transduceren (130) er understgttet med mindst en fieder (140), der straek-
ker sig mellem beereren (120) og transduceren (130), eventuelt hvor baereren
(120) omfatter en mellemdel, der strackker sig mellem armene, og hvor den
mindst ene fjeder (140) straekker sig fra mellemdelen til transduceren (130) til
understatning af transduceren (130).
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7. Apparat ifslge krav 6, hvor transduceren (130) er understattet med mindst
en fjeder (140), der straskker sig mellem en baerer (120) til kobling af transdu-
ceren (130) til retentionsstrukturen (110), og transduceren (130), hvor baereren
(120) omfatter en stiv baerer med arme og en mellemdel, der streekker sig mel-
lem armene, og den mindst ene fieder (140) omfatter en udligger, der streekker
sig fra mellemdelen til transduceren til understatning af transduceren (130).

8. Apparat ifslge krav 6, hvor transduceren (130) er understattet med mindst
en fleder (140), der streckker sig mellem baereren (120) og transduceren (130),
0g den mindst ene fjeder (140) omfatter et par fiedre, en ferste fjeder af parret,
der er koblet til en fgrste side af transduceren (130), en anden fjeder af parret,
der er koblet til en anden side af transduceren (130) over for den farste side,
til understatning af transduceren (130) med fjedre, der er koblet til beereren
(120) pa modstaende sider.

9. Apparat ifslge krav 6, yderligere omfattende:

en koblingsstruktur (136), der er formet til at ga i indgreb med trommehinden
for at fa trommehinden til at vibrere; og

en forspaendingsstruktur (149) til justering af en forskydning mellem baereren
(120) og koblingsstrukturen (136).

10. Apparat ifalge krav 9, hvor forspaendingsstrukturen (149) er indrettet til at
justere en adskillelsesafstand, der straekker sig mellem en nedre overflade af
retentionsstrukturen (110) og en nedre overflade af koblingsstrukturen (136) i
en ubelastet konfiguration, og hvor koblingsstrukturen (136) er koblet til baere-
ren (120) med mindst en fieder (140), saledes at adskillelsesafstanden mind-
skes, nar koblingsstrukturen (136) kommer i kontakt med trommehinden.

11. Apparat ifglge krav 10, hvor forspaendingsstrukturen (149), baereren (120)
0g koblingsstrukturen (136) er koblet til den mindst ene fieder (140) til tilveje-
bringelse af en afbgjning pa ca. 1 mm eller mere af koblingsstrukturen (136) i
retning mod baereren (120), nar koblingsstrukturen (136) gar i indgreb med
trommehinden i en belastet konfiguration.
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12. Apparat ifglge krav 11, hvor forspaendingsstrukturen (149) er indrettet til at
justere en position af transduceren (130) i forhold til baereren (120) til positio-
nering af koblingsstrukturen (136) med forskydningen.

13. Apparat ifglge krav 6, yderligere omfattende:

en fotodetektor (150), der erfastgjort til et hus af transduceren (130), eventuelt
hvor transduceren (130) er indrettet til at dreje i forhold til beereren (120), og
hvor fotodetektoren (150) drejer med transduceren (130).

14. Apparat ifglge krav 1, hvor formprofilen, der svarer til en veevsoverflade af
brugeren, omfatter en epiteloverflade, og hvor formprofilen omfatter en del
med en afbgjning, som er tilpasset til i brug at streekke sig veek fra formprofilen
af veevsoverfladen.
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