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SHIELDING DEVICE FOR SIGNAL TRANSMISSION COIL

Background

[0001] Auditory prostheses, such as cochlear implants, include an implantable portion
having a stimulating assembly with an implanted coil and an external portion having a
coil, speech processing hardware and software, as well as a battery. Magnets are also
disposed in both portions to hold the external portion proximate the implanted portion.
A shield of ferrite or other magnetic material is installed between the external coil and
the speech processing hardware to improve radio frequency (RF) link efficiency and
effectiveness with the implanted coil. This shield, however, can make the coil-tuned

frequency unacceptably sensitive to the magnetic flux from the external magnet.
Summary

[0002] Embodiments disclosed herein relate to systems and apparatuses that are used to
transmit data between external and internal portions of medical devices. Those devices
include, for example, cochlear implants or other auditory prostheses or devices. The
external portion of the auditory prosthesis includes a magnet and is powered by an on-
board battery and sends signals via a coil. An implanted coil receives the signals and
provides stimulation to the device recipient. A shaped shield material can be placed
between the external coil and the sound processing hardware to improve efficiency and
effectiveness with the implanted coil, and minimize adverse effects caused by the

magnet.

[0003] This summary is provided to introduce a selection of concepts in a simplified
form that are further described below in the Detailed Description. This summary is not
intended to identify key features or essential features of the claimed subject matter, nor

is it intended to be used to limit the scope of the claimed subject matter.
Brief Description of the Drawings

[0004] The same number represents the same element or same type of element in all

drawings.

[0005] FIG. 1 is a perspective view of an auditory prosthesis, including an implantable

portion and an external portion.
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[0006] FIG. 2 is a perspective view of an external portion of an auditory prosthesis.

[0007] FIG. 3 is an exploded perspective view of an external portion of an auditory

prosthesis.
[0008] FIG. 4 is a side sectional view of the external portion of FIG. 3.
[0009] FIG. 5A depicts a test model of an external portion of an auditory prosthesis.

[0010] FIG. 5B depicts results from a test of frequency ranges based on an inner shield

diameter, in an auditory prosthesis.

[0011] FIGS. 6A-6B depict top section views of alternative coil shapes for coils

utilized in external portions of auditory prostheses.
Detailed Description

[0012] While the technologies disclosed herein have particular application in the
cochlear implant devices depicted in FIG. 1, it will be appreciated that the systems,
methods, and apparatuses disclosed can be employed in other types of hearing
prostheses. For example, the technologies disclosed can be utilized in devices such as
active transcutaneous bone conduction devices, passive transcutancous devices, middle
ear implants, or other devices that include an external coil and an internal or implanted
coil. Furthermore, the embodiments disclosed herein can be utilized to transmit signals
to medical devices other than hearing prostheses. The technologies disclosed herein
will be described generally in the context of external portions of medical devices where
the external portions utilize a coil for transmission of data and/or other signals. Such
signals can also include signals sent by a charging coil that charges a totally-
implantable cochlear implant or other medical device. For clarity, however, the aspects
disclosed herein will be described in the context of cochlear implant auditory

prostheses and, more specifically, the external portions and coils used therewith.

[0013] FIG. 1 is a perspective view of an auditory prosthesis 100, in this case, a
cochlear implant, including an implantable portion 102 and an external portion 104.
The implantable portion 102 of the cochlear implant includes a stimulating assembly
106 implanted in a body (specifically, proximate and within the cochlea) to deliver

electrical stimulation signals to the auditory nerve cells, thereby bypassing absent or
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defective hair cells. The electrodes 110 of the stimulating assembly 106 differentially
activate auditory neurons that normally encode differential pitches of sound. This
stimulating assembly 106 enables the brain to perceive a hearing sensation resembling

the natural hearing sensation normally delivered to the auditory nerve.

[0014] The external portion 104 includes a speech processor that detects external sound
and converts the detected sound into a coded signal 112 through a suitable speech
processing strategy. The coded signal 112 is sent to the implanted stimulating
assembly 106 via a transcutaneous link. The signal 112 is sent from an external coil
114 located on the external portion 104 to an implantable coil 116 on the implantable
portion 102, via a radio frequency (RF) link. The signal 112 can be data, power, audio,
or other types of signals, or combinations thereof. Coils 114, 116 can be circular,
substantially circular, oval, substantially oval, D-shaped or have other shapes or
configurations. The efficiency of power transfer and integrity of the data transmission
from one coil to the other is affected by the coil coupling coefficient (k). Coil coupling
coefficient k is a unitless value that indicates the amount of the shared magnetic flux
between a first coil and a second, coupled (associated) coil. As the amount of shared
magnetic flux decreases (i.e., as the coil coupling coefficient k decreases), efficient
power transfer between the two coils becomes increasingly difficult. Therefore it is
advantageous to maximize the coil coupling coefficient k in a system where power
and/or data are transferred between two coils. The stimulating assembly 106 processes
the coded signal 112 to generate a series of stimulation sequences which are then
applied directly to the auditory nerve via the electrodes 110 positioned within the
cochlea. The external portion 104 also includes a battery and a status indicator 118.
Permanent magnets 120, 122 are located on the implantable portion 102 and the
external portion 104, respectively. In the depicted device, the external portion 104
includes a microphone port 124 connected to a microphone that receives sound. The
microphone is connected to one or more internal processors that process and convert

the sound into stimulation signals that are sent to the implantable portion 102.

[0015] FIG. 2 is a perspective view of an external portion 200 of an auditory prosthesis.
The external portion 200 includes a body 202. For context, approximate locations of
various elements disposed in the body 202 are depicted, although those elements would

not necessary be visible from the outside of the body 202. More detailed figures
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depicting the various elements are depicted below. An external coil 204 is disposed in
the body 202, as is a permanent magnet 206, as described above. The external portion
200 can include an indicator 208 such as a light emitting diode (LED). A battery door
210 covers a receptacle that includes a battery that provides internal power to the

various components of the external portion 200 and the implantable portion.

[0016] It is desirable that auditory prostheses maintain a high coil quality factor (Q).
Coil quality factor Q is a unitless value that indicates the how much energy is lost
relative to the energy stored in the resonant circuit that includes the coil. A higher coil
quality factor Q indicates a lower rate of energy loss relative to the stored energy of the
resonant circuit. Coil quality factor Q can be calculated for an ideal series RLC circuit

as depicted in Equation I:

i
{

1
R\ R

g =

Here, L is the measured inductance of the coil, R is the measured resistance of the coil,
and oo = 2 x Pi x Frequency. As the coil quality factor Q decreases, it becomes
increasingly difficult to transfer power efficiently from one coil to an associated coil.
Therefore, it is advantageous to maximize the coil quality factor Q in a system where

power is transferred between two coils.

[0017] A high coil quality factor Q is desirable, even while the electronics and batteries
are in close proximity to the coil, as depicted in FIG. 2. Placing metallic components,
¢.g., a battery, above the coil 204, as depicted in FIG. 2, can have an adverse effect on
coil Q. A reduced coil Q, however, results in a lower efficiency RF link, which
ultimately results in a shorter battery life. To address this in the configuration depicted
in FIG. 2, a shield material such as a ferrite, ferrimagnetic, or ferromagnetic material
can be disposed above the coil 204. Any other material that substantially redirects the
magnetic flux generated by the coil 204 can also be utilized. Materials that redirect
magnetic flux can, in certain embodiments, be defined by a high magnetic flux
permeability. This can help alleviate the adverse effect on coil Q, but adds weight and

size to the device, which is also undesirable, since the external portion 200 is worn on
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the head of a recipient. It also adversely affects the tuning frequency of the coil.
Configuration and placement of the shield material to address issues related to weight,
tuning frequency, etc., is described in more detail below. In addition to external coil
quality factor Q, the relationship between the tuned frequency of the external coil and
implantable coil has a significant impact on the efficiency and effectiveness of the RF
link. The tuned frequency of the external coil and implantable coil are selected to
balance the needs of RF data integrity and power transfer. Any significant deviation
from these selected tuned frequencies can reduce the efficiency and effectiveness of the

RF link.

[0018] FIG. 3 is an exploded perspective view of an external portion 300 of an auditory
prosthesis, while FIG. 4 depicts a side sectional view of the external portion 300.
These two figures are described simultaneously. The external portion 300 includes a
body 302 that includes an upper wall 304 and an outer wall 306. A base 308 defines
the lower extent of the external portion 300 and together with the body 302 defines a
body or housing volume V, in which the various components are contained. In
embodiments, the housing volume V can be further parsed into two discrete volumes,
an outer volume Vg and an inner volume Vi. The outer volume Vo, in the depicted
embodiment, contains an external coil 310 and a shield 312 disposed above (relative to
the base 308) the external coil 310. Each of the external coil 310 and a shield 312 are
annular in shape. The outer volume Vo is defined by an inner coil edge 310a. In other
embodiments, the outer volume Vg is defined by an inner shield edge 312a. In certain
embodiments, the outer volume Vg can be defined by an outer coil edge 310b or an
outer shield edge 312b. In other embodiments, the outer volume Vg can be at least
partially defined by the outer wall 306. A substrate 314 that supports the various
speech processing components 316 and the base 308 further define the upper limits of
the outer volume V. Thus, the space defined by the substrate 314, the base 308, the
inner coil edge 310a, and either of the outer coil edge 310b and the outer wall 306
defines the outer volume Vg and contains the coil 310 and shield 312. The inner coil
edge 310a and the inner shield edge 312a, along with the substrate 314 and the base
308, also define the inner volume V;. The inner volume V; contains a magnet 318 that,

in certain embodiments, is cylindrical in shape and has an outer magnet edge 318b.
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[0019] In certain embodiments, the coil 310 and shield 312 are arranged and sized so as
to be aligned. For example, the inner coil edge 310a can be aligned with the inner
shield edge 312a. Similarly, the outer coil edge 310b can be aligned with the outer
shield edge 312b. The outer magnet edge 318b is smaller than the inner coil edge 310a,
so that the magnet 318 is completely disposed within the space defined by the inner coil
edge 310a. Center points of each of the coil 310, the shield 312, and the magnet 318
can be aligned along an axis A that is substantially orthogonal to both the base 308 and
the substrate 314. The cross sectional shapes (e.g., parallel to the base 308) of each of
the outer volume Vg and the inner volume Vi can be defined by the shape of the coil
310 and shield 312. The depicted coil 310 and shield 312 are circular in shape to
maximize the coupling of magnetic flux produced by the external coil 310 and the
associated implanted coil (not shown). Other coil 310 and/or shield 312 shapes, such as
substantially circular, oval, substantially oval, and D-shaped, can be used. The
depicted circular shape at least partially defines an outer volume Vg having a
substantially annular cross section, along with an inner volume Vi having a

substantially cylindrical cross section.

[0020] The outer volume Vg and inner volume Vi are characterized by differences in
magnetic permeability. Each of the coil 310 and the magnet 318 generate a magnetic
flux. The magnetic permeability of the outer volume Vg is based at least in part on the
presence of the shield 312, which substantially redirects the magnetic flux generated by
the coil 310 and therefore, has a higher magnetic permeability than the inner volume
V1. The magnetic permeability of the inner volume Vi is based at least in part on the
absence of any material that substantially redirects the magnetic flux generated by the
magnet 318. In certain embodiments, the magnet 318 is separated from the inner shield
edge 312a by a gap of gas. This gas can be air, which has a magnetic permeability less
that the material utilized in the shield 312. Thus, the inner volume V| contains only the
magnet 318. In other embodiments, the magnet 318 is separated from the inner coil
edge 310a by a gap of air, but a portion of the shield 312 can be disposed in the inner
volume Vi, such that the inner volume V; contains only the magnet 318 and a portion of
the shield 312. In other embodiments, the inner volume Vi contains a foam or other
flexible or semi-flexible material that defines spaces for receiving the gas. The foam
can serve as an insulating or cushioning material. In general, the magnetic flux

permeability of any material dispersed in the inner volume Vi will be less than that of

6
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the shield material, but slightly greater than the gas. Regardless, one characteristic of
the present aspects disclosed herein is the absence of any material proximate the

magnet (e.g., above the magnet 318) to alter or redirect the magnetic flux thereof.

[0021] Many prior art medical devices, such as cochlear implants and other auditory
prostheses, utilize a shield material between an electronics module and one or more
internal components that generate magnetic flux, for example, magnets, coils, etc.
Magnetic flux can interfere with the operation of the electronics module. Additionally,
having magnetic flux passing through the electronics module can limit effectiveness or
efficiency of RF links between mating or matching coils (e.g., between external coils
and implanted coils). If the inner diameter of this shield material is small, the tuned
frequency of the external coil can be unacceptably sensitive to changes in magnet
strength. Recipients of a cochlear implant system have the option to select a magnet
having a desired strength to provide sufficient retention and comfort. The ability to
change weaker magnets for stronger magnets can be desirable due to the variability of
recipient skin flap thickness after surgery. That is, thicker skin flaps can necessitate
stronger magnets. With this small inner diameter shield, tuning ranges of 300 kHz are
observed from the weakest to the strongest magnet strength. This deviation from the
nominal selected tuned frequency means that recipients with stronger and weaker

magnets will suffer from a less efficient and less effective RF link.

[0022] Increasing the inner diameter of the shield material in this manner can be
effective in reducing the change in tuned frequency due to the change in magnet
configuration. This can result in a 60kHz tuning range from the weakest magnet
configuration to the strongest, which means recipients with stronger and weaker
magnets can experience a more effective and efficient RF link. This maximizes
retention magnet options for recipients while preserving intended RF link performance.
The aspects disclosed herein also reduce need for retention magnet repositioning, with

attendant thickness increase implications.

[0023] Testing has confirmed that an absence of shielding material in the inner volume
V;of an external portion of a cochlear implant configured as described herein
significantly decreases the change in tuned frequency experienced by the external coil.
FIG. 5A depicts a test model of an external portion 500 of a cochlear implant, shown in
section. Here, the external portion 500 test model includes an external coil 502 with a

7
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shield 504 disposed above the coil 502. A magnet 506 is disposed within an inner
volume Vi defined by a shield inner diameter Qs of the shield 504. In general, the
shield inner diameter Og is smaller than the coil inner diameter @¢. FIG. 5B depicts the
effect on frequency range for a shield having various shield inner diameters @s. No
magnetic shielding material (such as above or around the magnet 506) was otherwise
disposed in the inner volume Vi. Interestingly, coil tuned frequency range decreases as
the shield inner diameter Qs increases. Thus, an external portion of an auditory
prosthesis having a shield inner diameter Qg substantially equal to a coil inner diameter

Oc would likely have the lowest tuned frequency range.

[0024] These results are particularly compelling for coils used in the external portions
of auditory prostheses that are configured to utilize a plurality of replaceable magnets
having varying strengths. For example, as described above, in a cochlear implant
auditory prosthesis, an external portion is located and retained on the head, proximate
an implanted portion. Typically, this retention is due to the utilization of magnets, one
in the external portion, and one in the implanted portion. The thickness of a skin flap
between the external portion and the implanted portion can vary significantly
depending on implant depth, skin thickness, or other factors. This often requires the
use of magnets having different strengths, with magnets having the strongest strengths
being used, for example, due to thicker skin flaps. Thus, a single external processor
can be used with a number of magnets having different retention strengths. With
reference to FIG. 5A, changing the strength of the retention magnet 506 in the external
portion 500 changes the amount of retention magnetic flux that permeates the shield
material 504 disposed above the coil 502, which in turn changes the inductance of the
coil 502 and thereby changes its tuned frequency. The tuned frequency has a

significant impact on the effectiveness and efficiency of the coil 502.

[0025] The results in the graph depicted in FIG. 5B indicate that increasing the inner
diameter Og of the shield 504, such that shielding material is disposed further away
from the magnet 506, significantly decreases the change in tuned frequency
experienced by the coil 502 with changing retention magnet strength. In an
embodiment, increasing the shield inner diameter Qg so as to be substantially equal to
the coil inner diameter O¢, distances the shield 504 as far from the magnet 506 as

possible, while still providing the shield 504 between the coil 502 and the electronics
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disposed in the external portion 500, above the coil 502. This decreases the impact of

changing retention magnet strength on coil effectiveness and efficiency.

[0026] FIGS. 6A-6B depict top section views of alternative coil shapes for coils
utilized in external portions of auditory prostheses. Two external portions 600a, 600b
are depicted. In FIG. 6A, the external portion 600a incudes an outer housing 602a and
a magnet 604a disposed therein. A coil 606a having an oval shape is also depicted.
Thus, the inner volume Vi is defined at least in part by an inner edge of the coil 606a
and thus has a generally cylindrical volume having an oval cross-sectional shape. As
described herein, an outer volume Vg is defined by the inner edge of the coil 606a and
either an outer edge of the coil 606a or the housing 602a. In FIG. 6B, the external
portion 600b incudes an outer housing 602b and a magnet 604b disposed therein. A
coil 606b having a substantially D-shape is also depicted. Thus, the inner volume V; is
defined at least in part by an inner edge of the coil 606b and thus has a generally
cylindrical volume having a D-shaped cross-sectional. As described herein, an outer
volume Vg is defined by the inner edge of the coil 606a and either an outer edge of the
coil 606b or the housing 602b. In other aspects, inner and/or outer edges of coils and

shields can be substantially round or substantially oval.

[0027] This disclosure described some embodiments of the aspects disclosed herein
with reference to the accompanying drawings, in which only some of the possible
embodiments were shown. Other aspects can, however, be embodied in many different
forms and should not be construed as limited to the embodiments set forth herein.
Rather, these embodiments were provided so that this disclosure was thorough and
complete and fully conveyed the scope of the possible embodiments to those skilled in

the art.

[0028] Although specific aspects were described herein, the scope of the disclosed
embodiments are not limited to those specific embodiments. One skilled in the art will
recognize other embodiments or improvements that are within the scope of the present
technology. Therefore, the specific structure, acts, or media are disclosed only as
illustrative embodiments. The scope of the technology is defined by the following

claims and any equivalents therein.

[0029] What is claimed is:
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Claims

1. An apparatus comprising:

an annular coil comprising an inner coil diameter and a coil center point;

an annular ferrite shield comprising an inner shield diameter and a shield center
point, wherein the coil center point and the shield center point are substantially aligned,
wherein the annular ferrite shield comprises a first magnetic flux permeability, and
wherein the inner coil diameter and the inner shield diameter at least partially define a
cylindrical volume;

a magnet at least partially disposed within the cylindrical volume; and

a gas disposed within the cylindrical volume, wherein the gas comprises a

second magnetic flux permeability less than the first magnetic flux permeability.

2. The apparatus of claim 1, wherein the gas comprises air.

3. The apparatus of claim 1, wherein the gas is contained within a material
comprising a third magnetic flux permeability less than the first magnetic flux

permeability.

4. The apparatus of claim 1, wherein the magnet comprises a magnet center point,
wherein the magnet center point is substantially aligned with the coil center point and

the shield center point.

5. The apparatus of claim 1, wherein the magnet comprises an outer magnet
diameter less than the inner coil diameter and the inner shicld diameter, such that the

outer magnet diameter does not contact the annular ferrite shield.

6. The apparatus of claim 1, wherein the annular coil comprises an outer coil
diameter and the annular ferrite shield comprises an outer shield diameter, wherein the

outer coil diameter and the outer shield diameter are substantially aligned.

7. The apparatus of claim 1, further comprising a substrate disposed above the

magnet, wherein the substrate at least partially defines the cylindrical volume, and

10
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wherein the cylindrical volume does not include a material that substantially redirects a

magnetic flux generated by the magnet.

8. The apparatus of claim 1, wherein apparatus further comprises a base and

therein the annular coil is disposed between the annular ferrite shield and the base.

9. An apparatus comprising:
a housing comprising a base and an outer wall;
a substrate disposed within the outer wall of the housing and above the base;
and
an axis extending substantially orthogonal to the base and the substrate, wherein
the base, the outer wall, and the substrate define a housing volume comprising:
(a) an outer volume having a first magnetic flux permeability, wherein the
outer volume contains:
a coil comprising an inner coil diameter; and
a shield substantially aligned with and disposed above the coil,
wherein the shield comprises an inner shield diameter, and wherein the
first magnetic flux permeability is defined by the shield; and
(b) an inner volume having a second magnetic flux permeability less than
the first magnetic flux permeability, wherein the inner volume is at least
partially defined by the inner coil diameter and the inner shield diameter, and

wherein the inner volume contains a magnet.

10.  The apparatus of claim 9, wherein a center point of each of the coil, the shield,

and the magnet are aligned with the axis.

11.  The apparatus of claim 9, wherein the inner volume does not contain either of

any portion of the coil and any portion of the ferrite shield.

12.  The apparatus of claim 9, wherein the coil comprises an outer coil diameter and
the ferrite shield comprises an outer shield diameter substantially aligned with the outer
coil diameter, and wherein the outer volume is at least partially defined by the outer

coil diameter and the outer shield diameter.

11
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13. The apparatus of claim 12, wherein the outer volume is substantially annular,

and wherein the inner volume is substantially cylindrical.

14. The apparatus of claim 13, wherein the inner volume does not include a material

that substantially redirects a magnetic flux generated by the magnet.

15.  The apparatus of claim 14, wherein the material is at least one of a foam and a
gas.
16.  An apparatus comprising:

a coil comprising an inner coil diameter;

a shield comprising an inner shield diameter, wherein the inner coil diameter
and the inner shield diameter at least partially define a volume, wherein the shield is
configured to redirect a magnetic flux generated by the coil; and

a magnet at least partially disposed within the volume, wherein the volume is
characterized by properties that do not substantially redirect a magnetic flux generated

by the magnet.

17.  The apparatus of claim 16, further comprising a substrate disposed above the

shield, wherein the substrate at least partially defines the volume.

18.  The apparatus of claim 17, further comprising a base disposed below the coil,

wherein the base at least partially defines the volume.

19. The apparatus of claim 16, wherein the coil comprises an inner coil diameter
comprising a shape that is at least one of round, substantially round, oval, substantially
oval, and D-shaped.

20.  The apparatus of claim 19, wherein the volume is substantially cylindrical.

21.  The apparatus of claim 16, wherein the shield comprises at least one of a ferrite

material, a ferromagnetic material, and a ferrimagnetic material.

12
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22.  An apparatus comprising:

a magnet comprising an outer diameter;

a coil substantially surrounding the outer diameter of the magnet;

a substrate disposed above the magnet and the coil; and

a shield material disposed between the coil and the substrate, wherein the shield
material defines an inner diameter so as to define a shield opening, wherein the magnet
is disposed within the shield opening such that no shield material is disposed between

the magnet and the substrate.

23.  The apparatus of claim 22, wherein a coil separation between the coil and the
substrate comprises a first magnetic flux permeability and a magnet separation between
the magnet and the substrate comprises a second magnetic flux permeability less than

the first magnetic flux permeability.
24.  The apparatus of claim 22, wherein the coil comprises an inner coil diameter
comprising a shape that is at least one of round, substantially round, oval, substantially

oval, and D-shaped.

25.  The apparatus of claim 22, wherein the shield comprises at least one of a ferrite

material, a ferromagnetic material, and a ferrimagnetic material.

13
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