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(57) Abstract: The present invention is directed to implantable hearing aid systems and provides for selective interconnection
@ between two or more implantable components of a system. The inventive apparatus comprises a first connector interconnected to a
& distal end of a first signal cable (107) that is connected to a first implantable component (100) and a second connector interconnected
€ o a distal end of a second signal cable (106) that is connected to a second implantable component (108). To facilitate routing of the
signal cables, the connectors are designed such that distal portions (e.g., mating ends) of the first and second signal cables (106, 107)
may be juxtaposed (e.g., disposed side-by-side) when interconnected.
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CONNECTOR FOR IMPLANTABLE HEARING AID

FIELD OF THE INVENTION
The present invention relates to semi and fully-implantable hearing instruments, and
more particularly, to an intercomnection apparatus and method that simplifies implant
procedures and facilitates selective removal/replacement of one or more of the implanted

components of a hearing instrument.

BACKGROUND OF THE INVENTION

Implantable hearing devices stimulate internal components of the auditory system and
are generally classified into one of two types, namely fully implantable hearing instruments
and semi~-implantable hearing instruments. In a fully implantable hearing device, the entire
instrument is implanted. In a semi-implantable hearing instrument, some of the components,
typically the microphone, power supply, and speech signal processor, are externally worn,
while the auditory stimulator and key support functions are implanted within the auditory
system. The externally worn portion communicates transcutaneously with the implanted
portion to provide audio signals that the implanted portion uses to stimulate to the auditory
system.

Implanted hearing devices are typically used by individuals with significant loss of
hearing function or damage to the auditory system. As a result, they differ in the manner by
which the signal is processed and delivered to the patient. The processing step, known in the
art as Speech Signal Processing ("SSP"), may include a number of sieps such as
amplification, frequency shaping, compression, etc. The steps in the SSP are determined by
the design of the hearing device, while the particular internal values used in the steps are
generated from prescriptive parameters determined by an audiclogist. Once a speech
processor receives an audio signal {e.g., from a microphone) that is indicative of ambient
acoustic signals, a drive signal is produced and provided to an implanted stimulation device
that stimulates the hearing impaired person's auditory system. The auditory stimulation may
be done acoustically, mechanically, or electrically as a function of the type and severity of the

hearing loss in the hearing impaired individual.
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By way of example, one type of implantable mechanical stimulator includes an
electromechanical transducer having a magnetic coil that drives a vibratory actuator. The
actuator is positioned to interface with and stimulate the ossicular chain of the patient via
physical engagement. (See e.g., U.S. Patent No. 5,702,342). In this regard, one or more
bones of the ossicular chain are made to mechanically vibrate, which causes the ossicular
chain to stimulate the cochlea through its natural input, the so-called oval window. In
contrast, a cochlear implant system wtilizes an electrode that is inserted into the cochlea to
provide clectrical stimulation,

In addition to implaniable auditory stimulators, other components of implantable
hearing instruments may be located subcutaneously (i.e, implanted). By way of example,
such additional components may include a receiver for receiving RF signals from an external
transmitter and processing electronics to process the received signals and provide an
appropriate output signal to an implantable auditory stimulator. In this regard, most
implantable hearing devices (i.e., fully and semi-implantable) include an auditory stimulator
and an implanted housing that houses such additional components.

In conjunction with implant procedures for attaching an implantable aunditory
stimulator to the an auditory component of a patient, the various implanted components of a
given system may entail positioning at a number of differing locations proximal to the skuli
{e.g., mastoid process) of a given patient. As will be appreciated, such positioning may
require a number of different surgical steps, including for example, the placement of an
implantable auditory stimulator through a hole drilled into the mastoid process. Given such
positioning requirements, initial component placement can be a challenging procedure and
removal/repositioning of selected implanted components of a given implantable hearing aid
system (e.g., for reprogramming, replacement, servicing, etc.) may be problematic after the

initial implant procedure,

SUMMARY OF THE INVENTION
In view of the foregoing, one objective is to provide an implantable connector
apparatus and method that facilitates the initial positioning of multiple implanted components

comprising a given implantable instrument.
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An additional objective is to provide an implantable instrument and associated
method that facilitates selective replacement, servicing and/or repositioning of implantable
components of the implantable instrument.

The above-noted objectives and additional advantages may be realized in various
aspects of the current invention, which is directed to subcutaneous connectors that facilitate
cable management and implant component placement. Such connectors allow for the
interconnection of separate implantable components of an implantable instrument including,
without limitation, implantable hearing instruments to allow for signal transmission between
the implanted components. More specifically, aspects of the present invention are directed
towards an in-line connection in between individual components of an implantable
instrument. In this regard, such individual components may each include a signal cable
having a connector on a distal end thereof that allows for connection with a mating connector
on another signal cable. Various aspects of the present invention allow for interconnecting a
male connector disposed on the end of a first signal cable to a female connector on disposed
on a second signal cable. In this regard, internal conductors of the first signal cable
interconnected to the male connector may be electrically connected to internal conductors of
a female conductor and, hence, the internal conductors of the second signal cable. Further,
once connected, in addition to allowing for signal transmission between the separate
implantable components, the male and female connectors may be sealably interconnected to
prevent intrusion of, for example, fluids. In order to facilitate routing of the signal cables, the
male and female connectors are designed such that distal portions (e.g., mating ends) of the
first and second signal cables may be juxtaposed (e.g., disposed side-by-side) when
interconnected. For instance, such signal cables may be substantially parallel when
interconnected.  Though discussed primarily in conjunction with implantable hearing
instruments, it will be appreciated that aspects of the subcutaneous connectors may be
utilized with other implantable instruments having multiple implantable components that are
interconnected by one or more cables.

According to a first aspect of the present invention, an implantable hearing instrument
is provided having an implantable male connector that is fixedly connected to a distal end of
a first signal cable and an implantable female electrical connector that is fixedly connected to

a distal end of a second signal cable. These first and second signal cables may be operatively
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interconnected to first and second components of an implantable hearing instrument. The
female connector further includes a housing to which the second cable may be sealably
received. In thisregard, conductors within the second cable may extend into the housing and
be connected to one or more internal contact members, The female connector includes a
receiving port that is disposed proximate to a location where the second cable connects to the
housing. When the male connector is disposed within the receiving port, the distal ends of
the first and second cables may be juxtaposed. Further, when the male and female connectors
are selectively interconnected, they provide subcutaneous signal transmission between the
first and second implantable instrument components. That is, the male connector may
contact the contact members of the female connector and thereby create an electrical path
between the first and second components of the implantable instrument,

In one arrangement, the first and second cables extend away from the housing of the
fermale connector in a substantially common direction. That is, the first and second cables
may be side~to-side as they exit the housing when the male connector is disposed within the
female connector. In this regard, the female connector may effectively define a U-shaped
connector wherein the first cable is, for example, fixedly interconnected to a first leg of the
U-shape and the second cable is releaseably connected to the second leg of the U-shape.
Stated otherwise, the receiving port may form a substantially cylindrical recess having an
open and closed end. Such a cylindrical recess may define a first reference axis, and a central
axis of the cable that is fixedly connected to the female connector may define a second
reference axis. In one arrangement, these reference axes may be parallel as they extend away
from the female housing in a common direction. In a second arrangement, these first and
second references axes may be disposed at an angle such that they intersect (e.g., when
viewed in a plan view). In such an arrangement, an included angle between these reference
axes may be less than about 45 degrees. In a further arrangement, the angle between the first
and second reference axes may be less than 20 degrees, and in a further arrangement, the
included angle may be less than about 15 degrees.

In one arrangement, the female connector includes at least two internal contact
members. In this regard, each of the cables also includes at least first and second
conductors/wires. Accordingly, at least two conductors may be interconnected between the

first and second implantable components. In one arrangement, the first and second contact
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members within the female connector include openings therethrough. Accordingly, the male
connector may be sized for receipt through these openings. For instance, the male connector
may include a cylindrical body having a tip conductor and a sleeve conductor that is separated
by an insulating ring. In this regard, the male connector may be similar to a IS-1 connector.
In such an arrangement, the tip conductor/sleeve conductor of the male connector and the
openings through the first and second contact members may be coaxially disposed when the
male connector is disposed within the female connector. However, it will be appreciated that
additional conductors {e.g., three or more) may be interconnected. That is, each of the female
and male connectors may have three or more contact conductors.

To maintain the male and fernale connectors in an interconnected orientation, the
apparatus may further include at least one locking member that is positionable through the
housing of the female connector to selectively lock the male connector in an interconnected
relationship. In one arrangement, the locking member(s) may be threaded members.

The internal conductor(s) of the female and male connectors, as well as any locking
members, if included, may comprise substantially the same conductive materials so as to
substantially reduce or avoid any galvanic potential. By way of example, such a conductive
metal may comprise of metal selected from the group consisting of titanium, titanium alloys,
gold and platinum. Further, in this regard, one or more of the components forming the
implantable components may be disposed within a housing comprising a metal selected from
the above-noted group.

Generally, male and female conductors are fixedly connected to the distal ends of the
cables associated with the implantable instrument components. It will be appreciated that the
opposing end of each cable may be fixedly or releaseably interconnected to their respective
implantable instrument component.

Although any implantable components may be interconnected, in one arrangement,
one of the implantable components is an auditory stimulator of an implantable hearing
instrument.  Such an auditory stimulator may include, without limitation, a middle ear
transducer, a cochlear electrode and/or a vegal nerve stimulator. In such an arrangement, the
other component will generally be a component that provides a stimulation signal for the
auditory component. In this regard, another component may include, without limitation, a

fully implantable hearing instrument including an implantable microphone and signal
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processor or a partially implantable hearing instrument including receiving means for
transcutaneously receiving auditory stimulation signals. Stated otherwise, the second
component will generally generate or otherwise provide a signal and/or power for receipt by
the auditory stimulator,

In conjunction with the present invention, an inventive method for use of an
implantable instrument is also provided. In particular, the method may include positioning a
first component of an implantable instrument at a first subcutaneocus location relative to a
patient’s skull wherein the first component includes a first cable having a female connector
connected to a distal end thereof. The method may further include locating a second
component of the implantable instrument at a second subcutaneous location relative to the
patient’s skull wherein the second component includes a second cable having a male
connector at its distal end. Upon positioning/locating the components, the male connector
may be inserted within the receiving port of the female connector to establish a sealed
electrical interconnection between the corresponding internal conductors thereof. This may
allow for subcutaneous signal transmission between the first and second components.
Further, the distal portions of the first and second cables may be juxtaposed when the male
connector is inserted within the female connector.

Juxtapositioning of the first and second cables may facilitate the implant procedure,
In this regard, it will be appreciated that once the first and second mstrument components are
located subcutaneously, the cables attached thereto may be routed out of, for example, a
common incision utilized fo insert the first and second components. Accordingly,
interconnection of the first and second cables {(e.g., the male connector into the female
connector) may be performed externally to the patient. This may facilitate, for example,
advancing a threaded locking member to fixedly connect the male connector within the
female connector. Furthermore, once such interconnection is made and the cable ends are
disposed side by side in a single connector, the connector may be used to subcutaneously
position the mating ends of the signal cables. This may simplify subcutaneous positioning of
the interconnected cables. Further, the overall length of the connector may be reduced in
comparison with a series type (e.g., end to end) connector,

Numerous additional features and advantages of the present invention will become

apparent to those skilled in the art upon consideration of the further deseription that follows.
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DESCRIPTION OF THE DRAWINGS

Fig. 1 is a perspective view of one embodiment of the preseni invention as
implemented with an implantable hearing instrument,

Fig. 2 illustrates the positioning and interconnection of various components in a fully
implantable embodiment of the present invention.

Fig. 3 is a side view of the system of Fig. | placed on a patient’s skull.

Fig. 4A is a plan view of a first embodiment of the present invention.

Fig. 4B is a plan view of a second embodiment of the present invention,

Fig. 5 1s a partial cross-sectional, isometric view of the embodiment of Figure 4A.

Fig. 6A is a plan, partial cut-away view showing the female connector of Figs. 44 and

Fig. 68 is a plan, partially cut away showing insertion of the male connector in the

female connector of Fig. 6A.

DETAILED DESCRIPTION

Reference will now be made to the accompanying drawings, which at least assist in
illustrating the various pertinent features of the present invention. In this regard, the
following description of a subcutaneous connector utilized with an implanted hearing aid
device is presented for purposes of tllustration and description, Furthermore, the description
is not intended to limit the invention to the form disclosed herein. Consequently, variations
and modifications commensurate with the following teachings, and skill and knowledge of
the relevant art, are within the scope of the present invention. The embodiments described
herein are further intended to explain the best modes known of practicing the invention and to
enable others skilled in the art to utilize the invention in such, or other embodiments and with
varicus modifications required by the particular application{s} or use(s) of the present
invention.

Figures 1-3 illustrate one embodiment and application of the present invention. As
illustrated, the embodiment is utilized in a fully implantable hearing instrument system that
provides mechanical stimulation to the middle ear of a patient. As will be appreciated,

certain aspects of the present invention may be emploved in conjunction with different
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implantable systems including but not limited to semi-implantable hearing instruments as
well as inner ear hearing instruments (e.g., cochlear implants), and therefore, the illustrated
application is for purposes of illustration and not limitation.

In the illustrated system, a biocompatible implant housing 100 is located
subcutaneously on a patient’s skull. The implant housing 100 includes a signal receiver 118
{(e.g., comprising a coil element) and is interconnected to a microphone assembly 130 viaa
signal cable 124. The implant housing 100 may be utilized to house a number of components
of the implantable hearing instrument. For instance, the implant housing 100 may house an
energy storage device and a signal processor. Various additional processing logic and/or
circuitry components may also be included in the implant housing 100 as a matter of design
choice. In the present arrangement, the signal processor within the implant housing 100 is
electrically interconnected to a transducer 108. As will be further discussed herein, the
transducer 108 is connected to the implant housing via first and second signal cables 106,
107. These signal cables 106, 107 are connected by a connector 80 that allows for selective
connection and disconnection.

As illustrated in Figure 2, the transducer 108 is supportably connected to a positioning
system 110, which in tumn, is connecied to a bone anchor 116 mounted within the patient’s
mastoid process {(e.g., via a hole drilled through the skull). The transducer 108 includes a
connection apparatus 112 for connecting the transducer 108 to the ossicles 120 of the patient.
In a connected state, the connection apparatus 112 provides a communication path for
acoustic stimulation of the ossicles 120, e.g., through transmission of vibrations to the incus
122.

Referring to Figures 1, and 3, it is noted that microphone assembly 130 in the present
embodiment is a pendant microphone that is connected to the implant housing via a signal
cable 124. Use of such a pendant microphone allows the microphone assembly 130 to be
spaced from the implant housing 100 such that it is need not mounted to the skull of a patient.

Such spacing may facilitate vibration attenuation as well as reduce the number of
components that need to be mounted in/on the limited space on the skull near the patient’s ear
{e.g., mounted near the mastoid process). However, it will be appreciated that in other
embodiments, the microphone may be mounted or integrally formed on or within the implant

housing 100.
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The microphone assembly 130 includes a diaphragm 132 that is positioned to receive
ambient acoustic signals through overlying tissue, a microphone transducer (not shown) for
generating an output signal indicative of the received ambient acoustic signals, and a housing
134 for supporting the diaphragm 132 relative to the transducer. As shown, the microphone
assembly 130 may be mounted to soft tissue of the neck of the patient and the cable 124
interconnecting the implant housing 100 and the microphone assembly 130 may be routed
subcutaneously to the implant housing 100,

During normal operation, acoustic signals are received subcutaneously at the
diaphragm 132 of the microphone assembly 130. The microphone assembly 130 generates an
output signal that is indicative of the received acoustic signals. The output signal is provided
to the implant housing 100 via the signal cable 124. Upon receipt of the output signal, a
signal processor within the implant housing 100 processes the signals to provide a processed
audio drive signal, via the connected signal cable 106 and 107, to the transducer 108. Aswill
be appreciated, the signal processor may utilize digital processing techniques to provide
frequency shaping, amplification, compression, and other signal conditioning, including
conditioning based on patient-specific fitting parameters. The audio drive signal causes the
transducer 108 to transmit vibrations at acoustic frequencies to the connection apparatus 112
to effect the desired sound sensation via mechanical stimulation of the incus 122 of the
patient. Similar processes may be utilized for cochlear stimulation devices.

As noted, during implantation of an implantable hearing instrament, a hole is typically
formed in or near the mastoid process of a patient to allow an auditory stimulator {e.g.,
mechanical transducer, floating mass transducer, cochlear stimulator, etc) to access an
auditory component of the middle and/or inner ear. [rrespective of the type of auditory
stimulator utilized, a signal cable is typically routed from the auditory stimulator to an
implant housing that is typically mounted to the surface of the skull of a patient.
Accordingly, this signal cable must be elecirically interconnected to the implant housing in
order to receive stimulation signals. To facilitate the implant procedure, as well as to permit
upgrading of the electronics, batteries ete, located in the implant housing, it is desirable that
the signal cable between the anditory stimulator and the implant housing permit selective

cormection and disconnection.
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It has further been determined that in many instances it may be desirable to make such
a connection at a location removed from the implant housing. That is, it may be desirable to
make an in-line connection where the signal cable 106 extending from the auditory and the
signal cable 107 extending from the implant housing are connected at a location between the
implant housing 100 and the auditory stimulator 108. For instance, it is often necessary or
desirable to secure the implant housing to the skull prior to electrically connecting the
housing to the auditory stimulator. Generally, bone is removed to form a “bed” for the
housing. If the signal cable from the auditory stimulator plugs into the housing, additional
bone may need to be removed {o provide access {0 a connection port, which may lengthena
surgical procedure. Further, if such a connection on the implant housing includes locking
elements {e.g., set screws), the size or number of the surgical incision(s) may have to be
increased to access such locking elements. Still further, due o the minimum bending radius
of the signal cable(s), it may be difficult to route the signal cable between the aunditory
stimulator and the implant housing. Stated otherwise, direct connection to the implant
housing may limit where the housing is located on the skull of a patient. Another potential
drawback to utilizing an in-line connection between the first and second signal cables is the
resulting length of the connection. That is, if an in-line connection is utilized where male and
female connectors on the distal ends of the cables 106, 107 are interconnected in series, the
resulting connected cable between the housing 100 and the auditory stimulator 108 may
include a relatively long rigid section that may be difficult to subcutaneously position.

Accordingly, the connector 80 of the present invention utilizes a configuration that
alleviates many of these routing issues and provides additional benefits. As illustrated in
Figs. 4A and 4B, various embodiments of the connector 80 utilize a female connector 50 that
is interconnected to a distal end of one of the signal cables 107. The female connector 50 is
adapted to receive a male connector 60 (i.e., disposed on the end of the other cable 106} from
substantially the same end/direction as the cable 107 enters the housing 10 of the female
connector 30. As illustrated in Figs. 4A and 4B, this results in the first and second cables
106, 107 being juxtaposed (e.g., substantially side-to-side) when the male connector 60 is
inserted within the female connector 50. That is, the connectors 80 illustrated in Figs. 4A and
4B are return connectors where a first signal line enters a first end of the connector 80 and the

second signal line returns out of the connector 80 in substantially the same direction.

10
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In the embodiment of Fig. 4A, a central axis A-A’ of a receiving port/recess 40 of the
female connector 50 defines a first reference axis. Likewise, the center axis of the cable 107
that is fixedly connected to the female connector 50 defines a second reference axis B-B’
{e.g., when that cable 107 is tensioned directly away from the connector). That is, the cable
107 enters the housing 10 of the female connector 50 along a predetermined axis as defined
by its interconnection to the housing 10 and the central axis of the cable 107, In the
embodiment of Fig. 4A, these reference axes are substantially parallel and the connector
defines a 180° return connector. In conirast, in the embodiment of Fig. 4B, the reference axis
C-C’ defined by the cable 107 may be offset relative to the reference axis A-A’ defined by the
central axis of the recess 40. For instance, in a plan view, these axes may intersect.
However, an included angle @ between these axes may be and acute angle. That is, @ may be
less than 90 degrees, and more preferably less than about 45 degrees, and yet more preferably
less than about 20 degrees or even 13 degrees, What is important is that the cables enter and
exit from a substantially common end of the housing of the connector 80,

Use of a such return connector may facilitate positioning of the components relative
to the patient’s skull. For instance, as illustrated in Fig. 3, the ends of the signal cables 106,
107 may be routed outside an incision 140. Once the implant housing 100 and an auditory
stimulator {e.g., 108, not shown) are subcutaneously positioned, the cables 106, 107 may be
routed out of the incision 140. At such time, the signal lines 106, 107 may be connected
{(e.g., external to the patient) and then reinserted through the incision 140 to a subcutancous
location. As both cables are side-by-side, the connector 50 may facilitate insertion of the
signal lines back into the incision 140 to a subcutaneous location therein.

Figs. 1, 44, and 5 illustrate one embodiment of a 180° return connector 80 as
implemented in an implantable hearing system. As noted, the retum connector 80 includes an
immplantable female connector 50 having a connector housing 10 that is connected to the
implant housing 100 via signal cable 107. The housing 10 sealably supports various
components to define a receiving port. In the present embodiment, the signal cable 107 is
permanently and sealably attached to the connector housing 10. This allows individual signal
wires or conductors disposed within the signal cable 107 to pass into the housing 10.
Generally, the connector housing 10 has a width that is slightly greater than the width of the

juxtaposed signal cables. The length and thickness are also kept to a minimum. In this
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regard, the housing 10 is sized such that it does not require a bone bed be formed for the
conmector 80,

The connector housing 10 houses a female electrical connection port or ‘jack’ for
receiving a mating male electrical connector or ‘plug’ that is connected to the end of the
signal cable 106 connected to the auditory stimulator. As shown, the connector housing 10
includes first and second electrical contact blocks 30a and 30b which are electrically
interconnected to individual signal wires 82, 84 that lead to the implant housing 100 via the
fixedly attached signal cable 107, See Fig. 4A. These signal wires 82, 84 may be
interconnected to their respective contact blocks 304, 30B in any appropriate manner (e.g.,
soldered, welded, etc.) and may extend to and connect with separate outputs of a processor
within the implant housing 100, When the male connector 60 of the second signal cable 106
is inserted within the female port of the female connector 30, the signal wires may carry
stimulation signals as well as operating power for receipt by the auditory stimulator 108.

In order to receive and make electrical contact with the male connector 60, aligned
openings 32a and 32b are provided through electrical contact blocks 30a and 30b. See Figs.
S, 6A and 6B. Relatedly, an elongated recess 40 is defined in the connector housing 1§,
wherein the recess 40 is coaxially aligned with the openings 32a and 32b of the electrical
contact blocks 30a and 30b so as to collectively define the female connection port for
receiving the elongated male connector 60. The male connector 60 provides for electrical
connection between electrical contact blocks 30a and 30b and the auditory stimulator 108
disposed at a distal end of the signal cable 106.

Once connected, the implant housing 100 may deliver power and acoustic data signals
to the auditory stimulator 108. That is, a processor unit in the implant housing 100 may
generate an output signal that is communicated to the auditory stimulator 108 via two or more
conductors 82, 84 disposed within the cable 107, wherein mating conductors in each cable are
electrically interconnected upon insertion of the male connector 60 into the female connector
within connector housing 10. As may be appreciated, in the present embodiment such a
processor unit output signal is employable by the auditory stimulator 108 to stimulate the
ossicular chain and/or oval window of a patient so as to provide for enhanced patient hearing.

As shown in the Figs. 6A and 6B, the illustrated embodiment may further comprise

first and second locking members 36a and 36b which are selectively positionable through

12
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openings 42a and 42b defined through a surface of the connector housing 10 {(e.g., a side
surface or top surface thereof). More particularly, locking members 36a and 36b may be
externally threaded (e.g., set screws) for threadable engagement with internally threaded
surfaces provided in corresponding side openings provided in contact blocks 30a and 30b.
The side opernings adjoin openings 32a and 32b, respectively, wherein upon threadable
advancement of the locking members 36a and 36b, a locking interface with male connector
60 (i.e., as inserted in recess 40) may be reliably provided. See. Fig. 6B.

Further, the recess 40 and side openings 423, 42b may be defined so as to facilitate
sealable interconnection between the contact blocks 30a, 30b and the male connector 60, as
well as sealable locking interconnection between the locking members 36a, 36b, contact
blocks 30a, 30b, and male connector 60. In the former regard, sealing caps 38a and 38b may
be utilized for snap-in engagement with the openings 42A and 428 within the support
structure 10. Such sealing caps 38a and 38‘6 may be fabricated from, for cxample, aresilient
material. To enhance a seal between the caps 38A, 38B and their respective openings 424,
428, each opening 424, 42B may include a sealing ring (e.g., an o-ring) about the periphery
of its opening. To further ensure the establishment of an appropriate sealed interface between
the male and female connectors, annular sealing rings 70 may be disposed along the recess
40. These sealing rings 70 may sealably mate with an outside surface of the male connector
60 when the connector is disposed within the recess 40,

Referring now to Fig. 5, the male connector 60 will be further described. Connector
60 includes a solid tip electrode 62, a cylindrical insulator ring 64 and a cylindrical sleeve
electrode 66. The tip electrode 62 and sleeve electrode 66 are each constructed from a
conductive material (e.g., machined titanium, gold , efc.) and are partially, concentrically
disposed in the connector 60 for electrical interconnection with first and second internal
conductors of the cable 106, respectively.

It should also be noted that the contact blocks 30a, 30b, tip electrode 62, sleeve
electrode 66 and locking members 36a, 36b may be fabricated from substantially the same
metal to reduce or avoid any galavanic potential therebetween, By way of example, such
metal may include, without limitation, titanium, gold or platinum. Such materials may also
be utilized to house or coat other implantable components usable in conjunction with the

present invention,
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Reference will now be made to Fig. 6B which illusirates a partial cut away, top view
of the male connector 60 as slidably received within electrical contact blocks 30a and 30b of
the connector housing 10. As shown in Fig. 6B, connector 60 is positioned within recess 40
of the connector housing 10. The tip electrode 62 is slidably disposed in the opening of
electrical contact block 30a and the sleeve electrode 66 is slidably received through the
opening of the electrical contact block 30b. The insulating ring 64 is disposed therebetween
to prevent electrical short. Further, locking members 36a and 36b have been threadably
tightened through side openings of the electrical contact blocks 30a and 30b, respectively, to
securably engage the ring electrode 66 and the tip electrode 62, respectively. For sealing
purposes, snap-in sealing caps 38a and 38b have been inserted into the opening 42a, 42b of
connector housing 10 to sealably engage sealing rings provided at the rims of the openings
42A, 42B, respectively.

The description provided above for purposes of facilitating an understanding of the
various features comprising the present invention. Additional embodiments, modifications
and extensions will be apparent to those skilled in the art and are intended to be within the

scope of the present invention as defined by the claims which follow.
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CLAIMS

1. An implantable hearing instrument apparatus, comprising:

an implantable male connector fixedly connected to a first end of a first signal cable,
wherein a second end of said first signal cable is connectable to a first implantable hearing
instrument component;

an implantable female elecirical connector fixedly atiached g first end of a second
signal cable, wherein a second end of said second signal cable is connectable to a second
implantable hearing instrument component, said female electrical connector comprising:

a housing, wherein said second cable is sealably connected to said housing;

a recerving port disposed proximate to a location where said second cable enters said
housing, wherein said first ends of said first and second cables are juxtaposed when said male
connector is disposed within said receiving port;

wherein said implantable male connector and said implantable female comnector are
selectively iterconnectable to provide subcutancous signal transmission between the first
and second implantable hearing instrument components.

2. The apparatus of Claim 1, wherein said first and second cables extend away
from said connector in a substantially common direction.

3. The apparatus of Claim 1, wherein said receiving port comprises a
substantially cylindrical recess having an open end and a closed end, wherein said cylindrical
recess defines a first reference axis and a central axis of said second cable entering said

housing defines a second reference axis.

4. The apparatus of Claim 3, wherein said first and second reference axes are
parallel.

5. The apparatus of Claim 3, wherein in a plan view said first and second axes
intersect,

6. The apparatus of Claim 5, wherein an included angle between said first and

second reference axes is less than 45°.

7. The apparatus of Claim 5, wherein an included angle between said first and
second reference axes is less than 15°,

8. The apparatus of Claim 1, wherein said second cable and said receiving port

extend through a common surface of said housing.

s
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9. The apparatus of Claim 1, wherein said female connector includes at least two
internal contact members, wherein said second cable includes at least first and second
conductor wires connected to said first and second contact members, respectively.

10, The apparatus of Claim 9, said male connector further comprising:

a tip conductor and a sleeve conductor separated by an insulating ring therebetween,
wherein said first contact member includes an opening therethrough and said second contact
member includes an opening therethrough for slidably receiving said tip conductor and
sleeve conductor, respectively,

11.  The apparatus of Claim 10, wherein said tip conductor and said sleeve
conductor of said male connector and said openings through said first and second contact
members are coaxially disposed wherein said male connector is disposed within said female
connector.

12, The apparatus of Claim 1, further comprising:

at least a first locking member insertable through said housing of said female
connector to selectively lock said male connector and said female connector in an
interconnected relationship.

13, The apparatus of Claim 1, wherein one of said first and second implantable
hearing instrument components is an auditory stimulator and the other of said first and
second implantable hearing instrument components is an implantable housing which provides
stimulation signals for receipt by the auditory stimulator.

14, The apparatus of Claim 1, wherein said second ends of said first and second
cables are fixedly connected to said first and second implantable hearing instrument

components.,

16
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15, A method for use in an implantable hearing instrument, comprising:

positioning a first component of an implantable hearing instrument at a first
subcutaneous location relative to a patient's skull, wherein said first component includes a
first cable having a female connecter connecied to a distal end thereof;

locating a second component of said implantable hearing aid system at a second
subcutaneous location relative to said patient's skull, wherein second component includes a
second cable having a male connector connected to a distal end thereof;

inserting said male connector within a receiving port in said female cornmector to
establish a sealed, electrical interconnection between corresponding intemal conductors
thereof for subcutaneous signal transmission between said first and second components,
wherein said distal portions of said first and second cables are juxtaposed when said male
connector is inserted within said female connector.

16, The method of Claim 15, wherein inserting is performed after said first and
second components are secured to said first and second locations.

17.  The method of Claim 16, wherein said first and second cables are routed out
of an incision prior to inserting, and wherein after inserting the male connector into the
female connector, the connectors are reinserted into the incision.

18.  The method of Claim 15, further comprising:

selectively advancing at least a first locking member through an opening in a housing
of said female connector to directly engage the male connector and thereby lock said male

connector and said female connector in an interconnected relationship.

17
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19, An implantable hearing instrument apparatus, comprising:

an implantable male connector fixedly connected to a first end of a first signal cable,
wherein a second end of said first signal cable is connectable to a first implantable hearing
instrument component;

an implantable female electrical connector fixedly attached a first end of a second
signal cable, wherein a second end of said sécond signal cable is connectable to a second
implantable hearing instrument component, said female electrical connector comprising:

a housing wherein said second cable is received into a first end of said housing;

a cylindrical recess having an open end and a closed end, wherein said open end

extends through said first end of said housing, wherein said first and second cables are

juxtaposed when said male connector is disposed within said cylindrical recess; and

wherein said implantable male connector and said implantable female connector are
selectively interconnectable to provide subcutangous signal fransmission between the first
and second implantable hearing instrument components.

20.  The apparatus of Claim 19, wherein portions of said first and second signal
cables proximal to said housing are substantially parallel when said male connector is
disposed within said cylindrical recess,

21, The apparatus of Claim 19, wherein portions of said first and second signal

cables proximal to said housing extend away from said housing in a common direction.

18
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22, Animplantable hearing instrument apparatus, comprising:

an implantable male plug comnector fixedly connected to a first end of a first signal
cable, wherein a second end of said first signal cable is comnectable to a first implantable
hearing instrument component;

an implantable female electrical connector fixedly attached a first end of a second
signal cable, wherein a second end of said second signal cable is connectable to a second
implantable hearing instrument component, said female electrical connector comprising:

a housing wherein said second cable is received into said housing along a first axis;

a cylindrical recess having an open end and an closed end, wherein a central axis of
said cylindrical recess is juxtaposed with said first axis and said open end of said recess is
directed in  a direction substantially aligned with said second signal cable entering said

housing.

19
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AMENDED CLAIMS
received by the International Bureau on
06 MAY 2009 (06.05.09)

1. An implantable hearing unit for stimulating an auditory component,
comprising: A

an implant housing;

a receiver at least partially disposed within the implant housing and adapted to
transcutaneously receive signals;

a processor disposed within the implant housing and adapted to generate an audio
drive signal for actuating an implantable auditory stimulator;

a signal cable operatively connected to the signal processor, said signal cable
having a first end fixedly attached to said implant housing and a second end fixedly
attached to a female connector, said female connector comprising:

a connector housing wherein said second end of the cable is fixedly
attached to a first end of said connector housing; and

a substantially cylindrical receiving port having an open end and a closed
end, wherein said open end extends through said first end of said connector housing,
wherein when a male connector of a second cable is disposed in the receiving port, the
first and second cables are juxtaposed.

2. The apparatus of Claim 1, furfher comprising:

an implantable auditdry stimulator for stimulating an auditory component in
response to the auditory drive signal wherein the auditory stimulator includes a second
cable having a male connector sized for disposition in said receiving port.

3. The apparatus of Claim 2, wherein, when said male connector is disposed
in said female receiving port, the first and ‘second cables are electrically connected to
provide subcutaneous signal transmission of the audio drive signal between the processor
and the implantable auditory stimulator. |

4. The apparatus of Claim 3, wherein a central axis of said first cable
entering said connector housing defines a first reference axis a central axis of said
substantially cylindrical recess defines a second reference axis and.

5. The apparatus of Claim 4, wheréin said first and second reference axes are
parallel. ‘

6. The apparatus of Claim 4, wherein in a plan view said first and second
axes intersect. |

7. The apparatus of Claim 5, wherein an included angle between said first

and second reference axes is less than 15 degrees.

20
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8. The apparatus of Claim 1, wherein said female receiving port includes at
least two internal contact members, wherein said first signal cable includes at least first
and second conductor wires connected to said first and second contact members,
respectively. ‘ _

9. The apparatus of Claim 1 where the male connector further comprises:

a tip conductor and a sleeve conductor separated by an insulating ring
therebetween, wherein said first contact member includes an opening therethrough and
said second contact member includes an opening therethrough for slidably receiving said
tip conductor and sleeve conductor, respecti\}ely.

10.  The apparatus of Claim 1, further comprising:

at least a first locking member insertable through said housing of said female
connector to selectively lock said male connector and said female connector in an
interconnected relationship.

11.  The apparatus of Claim 1, further comprising:

an implantable microphone operatively connected to said processor.

12.  An implantable hearing unit for stimulating an auditory component,
comprising:

an implantable signal processor disposed in an implantable housing and being
adapted to generate an audio drive signal and output the audio drive signal to a first signal
cable connected to the implantable housing;

an implantable auditory stimulator adapted to stimulate an auditory component in
response to auditory drive signals received via a second cable connected to the
implantable auditory stimulator; |

an in-line connector for electrically connecting said first and second cables, said
in-line connector being fixedly connected to one of said first and second cables and
including a female receiving port having an opening substantially adjacent to the fixedly
connected cable for receiving a male connector connected to the other of said first and
second cables, wherein connected portions of the first and second cables are juxtaposed

when connected by said in-line connector. .
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13.  The apparatus of Claim 12, wherein said receiving port comprises:

a substantially cylindrical recess having an opén end and a closed end, wherein
said open end extends through a first end of a connector housing.

14. . The apparatus of Claim 13, wherein said cylindrical recess defines a first
reference axis and a central axis of the cable fixedly connected to the in-line connector
defines a second reference axis, wherein éaid first and second axes are substantially
parallel. -

15. A method for use in an implantable hearing instrument, comprising:

affixing an implant housing containing a signal processor adapted to generate an
audio drive signal at a first subcutaneous location relative to a patient's skull, wherein said
implant housing includes a first cable having one of a male connector and a female
connecter connected to a distal end thereof;

affixing an auditory stimulator adapted to stimulate an auditory component in
response to an auditory drive signals at a second subcutaneous location relative to said
patient's skull, wherein auditory stimulator .includes a second cable having the other of the
male connector and the female connector connected to a distal end thereof;

moving one of first and second cabie substantially parallel to the other of the first
and second cables to insert said male connéctor within a receiving port in said female
connector to establish a sealed, electrical interconnection between corresponding internal
conductors thereof for paésive subcutaneous signal transmission between said processor
and said auditory stimulator, wherein said distal portions of said first and second cables
are juxtaposed when said male connector is inserted within said female connector; and

selectively advancing at least a first locking member through an opening in a
housing of said female connector to engage the male connector and thereby lock said
male connector and said female connector in an interconnected relationship.

16.  The method of Claim 15, wherein inserting is performed after said first
and second components are secured to said first and second locations.

17. The method of Claim 15, wherein, after affixing said implant housing and
said auditory stimulator, said first and second cables are routed out of an incision prior to
inserting, and wherein after inserting the male connector into the female connector, the

connectors are reinserted into the incision.

22
AMENDED SHEET (ARTICLE 19)



PCT/US2009/030799

WO 2009/091708

FIG.1

SUBSTITUTE SHEET (RULE 26)



PCT/US2009/030799

WO 2009/091708

2/6

; W ava e
/ mﬁwﬁgﬁﬁ M%QQ s/

| Qb o 5 3 O@WW%
.u s} <
... IDWDO&H H.AZ.A o oo

FIG.2

SUBSTITUTE SHEET (RULE 26)



WO 2009/091708 PCT/US2009/030799

36

SUBSTITUTE SHEET (RULE 26)



WO 2009/091708 PCT/US2009/030799

476

A

FIG.4B

?

s NP USRI S A I
=

SUBSTITUTE SHEET (RULE 26)



WO 2009/091708 PCT/US2009/030799

58

SUBSTITUTE SHEET (RULE 26)



WO 2009/091708 PCT/US2009/030799

8/6

SUBSTITUTE SHEET (RULE 26)



INTERNATIONAL SEARCH REPORT International application No.
PCT/US 09/30799

A. CLASSIFICATION OF SUBJECT MATTER
IPC(8) - HO4R 25/00 (2009.01)
USPC - 381/328

According to International Patent Classification (IPC) or to both national classification and IPC

B.  FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
_USPC: 381/328

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched
USPC: 381/23.1, 312, 323, 328; 600/25; 607/57 (see terms below)

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)
PUubWEST(PGPB,USPT,USOC,EPAB,JPAB), GOOGLE SCHOLAR

terms: implantable, hearing, connect, subcutaneous, juxtaposed, sleeve, tip, stimulator, cylinderical, insulating, coaxial, plug, locking,
secure, plug, insert.

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* Citation of document, with indication, where appropriate, of the relevant passages Relevant to claim No.
X US 2006/0183965 A1 (Kasic et al.) 17 August 2006 (17.08.2006), fig. 2-6, para [0020], [0037]- 1-9, 13-17, 19-20, 22-23
Y 1005} 10-12, 18
Y US 6,517,476 B1 (Bedoya et al.) 11 February 2003 (11.02.2003), fig. 1-5, col 3, In 17-580, col 5, | 10-12, 18

In27 -col7,In 57

l:] Further documents are listed in the continuation of Box C. D

+ —~ - - - -
Special categories of cited documents: ) ) “T” later document published after the international filing date or priority

“A™ document defining the general state of the art which is not considered date and not in conflict with the application but cited to understand
to be of particular relevance the principle or theory underlying the invention

“E" carlier application or patent but published on or after the intemational “X» document of particular relevance; the claimed invention cannot be
filing date considered novel or cannot be considered to involve an inventive

“L” document which may throw doubts on prierity claim(s) or which is step when the document is taken alone

:;;:gatf) rgasstztr)mh(sahs ;:;ch‘;’ggg)c ation date of another citation or other “Y” document of particular relevance; the claimed invention cannot be

) . o considered to involve an inventive step when the document is

“0” document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art

“P” document published prior to the international filing date but later than

the priority date claimed &” document member of the same patent family

Date of the actual completion of the international search Date of mailing of the international search report

14 February 2009 (14.02.2009) ‘ 2 6 FEB 2009
Name and mailing address of the ISA/US Authorized officer: W
Mail Stop PCT, Attn: ISA/US, Commissioner for Patents ng

P.0O. Box 1450, Alexandria, Virginia 22313-1450
o PCT Helpdesk: 571-272-4300
Facsimile No. §71-273-3201 PCT OSP: 571-272-7774

Form PCT/ISA/210 (second sheet) (April 2007)



	BIBLIOGRAPHY
	DESCRIPTION
	CLAIMS
	DRAWINGS
	SEARCH_REPORT

