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SYSTEMS AND METHODS FOR WIRELESSLY TRANSMITTING
POWER AND DATA TO AN IMPLANTABLE STIMULATOR

RELATED APPLICATIONS

00011  The present application claims priority to U.5. Patent Application No.
171107 278, filed November 30, 2020, which is hereby incorporated by reference in its

entirety.

BACKGROUND INFORMATION

00021 Various types of implantable stimulation systems used to treat various
medical conditions may be configurad, when implanted within a recipient’s body, {o
operate based on power andfor data received from outside the recipient’s body. For
example, conventional cochlear implant systems may include an external sound
processor that provides power and data to an implanted cochlear implant by way of a
passive headpiece communicatively coupled with the cochlear implant. In some
examples, for instance, the sound processor may be worn behind an ear of a recipient
and may include components such as a battery, a microphone, sound processing
circuitry, and wirgless transmission circuitry. The sound processor may transmit data-
modulated AC power through the skin of the recipient to the cochlear implant by way of
an antenna coil embedded within a headpiece that is separate from and connected by
way of a cable 1o the sound processor (e.g., a headpiece that is attached to the head at
a location that is more closely alignad with the cochiear implant). Other types of
implartable stimulation systems (g.¢., neurostimulation systems, spinal cord stimulation
systems, cardiac stimuiation systems, efc.) may operate in similar ways.

[0003] Unfortunately, there may be certain drawbacks to transmitting power and
data from an external device producing the power and data (e.g., the sound processor
in the cochlear implant system example) to a passive transmission device (e.qg., the
passive headpisce in the cochlear implant sysiem exampie). For instance, unwanted
emissions emanating from a cable between the external device producing the power
and data and the passive fransmission device may cause emission compliance issues
and/or may be a source of inefficiency compromising the battery life of the implantable
stimulation system. Additionally, this conventional power and data transmission

paradigm may not be particularly flaxible. For example, in order for an external device
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to function properly with a given implanted stimulator device (e.q., a previously-
implanted stimulator device such as a legacy cochlear implant in one example), the
external device must be capable of providing power andfor data at one or more
particular carrigr frequencies with which the implanted stimulator device is compatible.
Such reguirements may place undesirable constraints on the design of the external

device.

BRIEF DESCRIPTION OF THE DRAWINGS

[0004] The accompanying drawings Hiustrate various embodiments and are a part of
the specification. The illustrated embodiments are merely examples and do not limit the
scope of the disclosure. Throughout the drawings, identical or similar reference
numbers designate identical or similar elements.

[00058] FIG. 1 shows an illustrative transcutaneous transmission system configured
to wirelessly transmit power and data to an implantable stimulator according to
principles described herein.

[0008] FIG. 2 shows an illustrative cochlear implant system implementing the
transcutaneous transmission system and implantable stimulator of FIG. 1 according to
principles described herain.

(00077 FIG. 3 shows an iliustrative schematic structure of the human cochles
according to principles described herein.

100081 FIG. 4 shows an iliustrative aclive headpiecs implementing the
transcutaneocus transmission system of FIG. 1 and configured to wirelessly transmit
power and dafa to an implantable stimulator according to principies described herein.
(00091 FIG. 5 shows an illustrative implementation of the active headpiece of FIG. 4
according o principles described herein.

[0010]  FIG. 6 shows one illustrative implementation of an application specific
integrated circuit for use within the active headpiecs of FIG. 4 according {o principles
described hersin.

00111 FIG. 7 shows one illustrative configuration in which the active headpiece of
FIG. 4 interoperates with a sound processor and a cochlear implant within an illustrative

cochlear implant system according to principles described herein.
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[0012] FIG. 8 shows illustrative waveforms that may be transmitied when an active
headpiece is operating in different modes of operation according to principles described
herein.

[0013]  FIG. 9 shows ancther illustrative implementation of an application specific
integrated circuit for use within the active headpiece of FIG. 4 according to principles
described herein.

(00141  FIG. 10 shows another lllustrative configuration in which the active headpiece
of FIG. 4 interoperates with a sound processor and a cochlear implant within an
illustrative cochlear implant system according to principles described herein.

[0018] FIG 11 shows illustrative waveforms representative of wireless signals as
received by an implantable stimulator over different inductive links associated with
different carrisr fraquencies and bandwidihs according to principles described herein.
[00146]  FIGS. 12A-12C show Hllustrative configurations for how egualization circuitry
may be implementad within a transcutanecus transmission system and/or an
implantable stimulator to compensate for distortion according 1o principles described
herein.

00171 FIG. 13 shows an illustrative method for wirelessly transmitting power and

data to an implantable stimulator according to principles described herein.

DETAILED DESCRIPTION

[0018] Systems and methods for wirelessly fransmitling power and data to an
implantable stimulator are described hergin. Conventional passive transmission devices
of conventional implaniable stimulation systems {(e.g., passive headpiecss of
conventional cochlear implant systems, elc.) may include a passive coil antenna and a
network of passive components (e.g., capacitors, inductors, transformers, etc.). In
contrast, as will be described in more detail below, transcutaneous fransmission
systems deascribed herein (e.g., including active headpieces of cochlear implant
systems), may serve within implantable stimulation system as transmission devices that
further include active (i.e., powered) components and circuitry as may serve a particular
implementation.

[0019] For example, an illustrative transcutaneous transmission system included
within an implantable stimulation sysiem (e.g., an active headpiece within a cochiear

implant system) associated with a recipient may include a housing within which is
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disposed an interface assembly and aclive electronic circuitry {e.g., power supplies,
logic chips, integrated circuits, wireless transmitters, etc.) configured {o perform various
operations using power received from an external device that produces power and data
{e.g., a sound processor within a cochlear implant system). The housing of the
transcutaneous transmission system may be configurad 1o be located external to the
recipient and may be separate from a housing of the external device producing the
power and data and/or other such components of the implantable stimulation system.
For example, in the case of a ranscutanaous transmission system implemented as an
aciive headpiece of a cochlear implant system, the housing of the active headpiece
may be configured to be located on the recipient's head (e.g., heidinplace by a
magnet) near an implantation site at which a cochlear implant is implanted within the
recipient, while a sound processor implamenting the external device may be worn
behind the recipient's ear or otherwise carried on the recipient’s body.

[0020] The interface assembly disposed within the housing of the transcutaneous
transmission system may be communicatively coupled, by way of a cable, to the
external device producing and providing power and data intended for an implantable
stimulator implanted within the recipient. As such, the interface assembly may be
configured to receive (@.4Q., from the external device by way of the cable) direct current
(‘DT power and a self-clocking differential signal. The self-clocking differential signal
may comprise a data signal encoded with a clock signal at a clock frequency. For
sxampie, the data signal may be represeniative of data configured for use by the
implantable stimulator implanted within the recipient {&.q., a cochlear implant in the
cachlear implant system example),

(00211 The electronic circuitry disposed within the housing of the transcutaneous
fransmission system may include any suitable active and/or passive circuitry configured
to perform operations described herein. For example, the slectronic circuitry may be
configured to recover, from the self-clocking differential signal, the daia signal and the
clock signal at the clock frequency. Basad on the recovered clock signal at the clock
freguency, the electronic circuilry may generate one or more synthesized clock signals
at one or more carrier frequencies. For example, the electronic circuitry may generate a
single synthesized clock signal at a particular carrier frequency or may generate a first
synthesized clock signal at a first carrier frequency {(e.g., to be used for transmitting
power) and a second synthesized clock signal at a second carrier frequency (e.¢., to be

used for transmitting data). in examples in which more than one synthesized clock
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frequency is generated, at least one of the carrier frequencies may be distinct from the
clock frequency of the recovered clock signal. Using the one or more synthesized clock
signals, the electronic circuilry may wirelessly transmit, to an implantable stimulator
implanted within the recipient (e.g., wirelessly and transcutaneously through the skin of
the recipient), both 1) alternating current ("AC”) power based on the DC power, and 2)
forward telemetry data based on the recovered data signal.

(00221 Systems and methods described herein for wirelessly transmitting power and
data to an implantable stimulator may provide various benefits. For example, when AC
power and data generated by components within the transcutaneocus transmission
system (as opposad {0 being generated by a separate external device connected to the
fransmission sysiem by way of a cable) are transmitted directly from the
transcutaneous transmission system to the implantable stimulator as described herein,
efficiency may be increased and emissions decreased as compared to conventional
configurations in which AC power and data are transmitted from the external device by
way of a passive transmission device. Specifically, when AC power and data are
generated at a separate external device such as a sound processor and transmitied by
way of a cable {e.g., a coaxial cable) to be radiated by an antenna coil of a passive
transmission device such as a passive headpiecs, unwanied emissions may radiate out
of the cable, causing power {0 be lost (Le., thereby decreasing efficiency) and passibly
creating issues for emission compliance requirements. These efficiency and emissions
issues may be resoled by sending power and data 10 a transcutanecus transmission
system {(e.g., an aclive headpiece) such as the transcutaneous transmission systems
describad hersin.

(00231 Additionally, by including clock generation circuiiry and power and data
fransmission circuitry within a transcutaneous fransmission system such as an aclive
headpiece of a cochlear implant system (rather than in a separate external device such
as the sound processor of the cochlear implant system), implantable stimulation system
design may ba streamlined to provide users with smaller and less bulky davices. A
great degree of flexibiiity may also be provided by the systems and methods described
harein. For example, because transcutanaous transmission systems describad harein
may recover clock signals at one frequency and then generate synthesized clock
signals at other, different frequencies, various external devices and implantable
stimulators may be able to operate compatibly with one another using the

franscutaneous transmission systems where they may have been incompatible
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otherwise (e.g., dus {o clock frequencies, voltage levels, etc.}. As will be described in
more detail below, one or more AC signals (e.g., Tor power and/or data) may be
exchanged beatween implantable stimulators and transcutaneous transmission sysiems
disclosed herein at reconfigurable clock frequencies that may be conveniently set up
and modified using software (e.g., by writing registers within the transcutaneous
transmission system), rather than requiring updates to hardware.

(00241  Various specific embodiments will now be described in more detail with
reference 1o the figures. It will be understood that the specific embodiments described
helow are provided as non-limiting examples of how various novel and inventive
principles may be applied in various situations. Additionally, it will be understood that
other examples not explicitly described herein may also be captured by the scope of the
claims set forth below. The disclosed systems and meathods for wirelessly transmitting
power and data to an implantable stimulator may provide any of the benefits mentioned
above, as well as varicus sdditional and/or alternative benefits that will be described
andfor made apparent below.

(00251  FIG. 1 shows an illustrative transcutaneous transmission system 100
{(*system 100"} configured to wirelessly transmit power and data {o an illustrative
implantable stimulator 102 in accordance with principles described herein. More
particularly, FIG. 1 shows AC power 104 and forward telemetry data 106 that system
100 transmits wirelessly through the skin of a recipient to implantable stimulator 102, In
FIG. 1, AC power 104 and forward talemetry data 106 are shown as two separate
signals. As will be described in more detail below, system 100 may indeed send the
power and data on two separate carrier signals in some implementations. For instance,
AC powser 104 may be transmitted on a first AC carrier signal having a first carrier
frequency, while forward telemetry data 108 may be modulated (e.g., using an On-Off-
Keying, Amplitude-Shift-Keying, or other suitable modulation technique) onto a second
AC carrier signal having a second carrier frequency that may be the same or different
from the first carrier frequency. In other implementations that will also be described and
ilustrated in more detail below, system 100 may wirelessly transmit the power and data
on a single carrier signal. For example, an AC signal that carries AC power 104 at a
particular carrier frequency may alsc be modulated with forward telemetry data 106.
[0028] System 100 may produce and wirelessly transmit AC power 104 and forward
telemetry data to implantable stimulator 102 in any suitable way. For example, as will

be described in more detail below, system 100 may include an interface assembly
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configured to receive DC power and a self-clocking differential signal comprising a data
signal encoded with a clock signal at a clock frequency. The DC power and the self-
clocking differential signal may be received from any suitable source such as another
device that is external to the recipient’s body and that generates the data signal and the
clock signal using its own independent DC power source (2.g., a battery), clock
generation circuitry (e.q., crystal oscillator, etc.), and so forth. As a result of receiving
the DC power and the self-clocking differential signal from the external device in this
way, system 100 may not necessarily need o include its own independent DC power
source andfor clock generation circuitry. Omilting these components may be
advantageous to the design of system 100, as will be described in more detail below.
However, it will be undersiood that in centain implementations, system 100 may be
designed o include its own independent power source {e.g., battery) and/or clock
generation circuitry (e.g., crystal oscillator) as may serve a particular embodiment.
[0027]  Along with the interface assembly for receiving the DC power and self-
clocking differential signal, system 100 may further include electronic circuitry
configured to perform various operations. For example, the electronic circuitry may
recover the data signal and the clock signal from the self-clocking differential signal at
the clock freguency, and, based on the recoverad clock signal at the clock frequency,
may generate a synthasized clock signal at a carrier frequency (e.9., a carrier
freguency different from the clock frequency of the recovered clock signal). Using the
synthesized clock signal, the slectronic circuitry may then wirelessly transmit AC power
104 (based on the DU power) and forward telemetry data 106 (based on the recovered
data signal} to implantable stimulator 102 as implantable stimulator 102 s implanted
within the recipient. While the only communication explicitly illustrated between system
100 and implantable stimulator 102 is AC power 104 and forward telemetry data 106, it
will be understocd that other signals may further be transmitied between system 100
and implantable stimulator 102 in certain implementations. As one example that will be
describad in more detaill below, implantable stimulator 102 may transmit backward
telemetry data through the skin to system 100.

[0028] System 100 and implantable stimulator 102, as well as the external device
mentioned above and/or other systems or devices involved in operations described
herein, may be included as part of various types of implantable stimulation systems
used for various purposes. For example, implantabie stimulation systems that could

implement a transcutaneous transmission system such as system 100 and an
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implantable stimulator such as implantable stimulator 102 include systems such as
neurostimulation systems, spinal cord stimulation systems, cardiac stimulation systems,
and various other types of implantable stimulation systems. To provide a more concrete
implantable stimulation system example for purposes of illustration, a particular type of
implantable stimulation system will now be described in detail. Specifically, the
implantable stimulation system that will be the focus of the following disclosure is a
cochlear implant system that includes: an active headpiece serving as system 100, a
cochiear implant serving as implantable stimulator 102, a sound processor serving as
the external device that generates the DO power and self-clocking differential signal
based on its own indepandent power source and clock generation circuitry, and other
components that will be described in more detail below. An example of a cochlear
implant system will now be described, but it will be understood that the principies
described with respect to the cochlear implant system may similarly apply to cther types
of implantable stimulation systems embodying other forms of transcutaneous
transmission systems and implantable stimulators.

00291 FIG. 2 shows an illustrative cochlear implant system 200 implementing
system 100 and implantable stimulator 102 of FIG. 1. As shown, cochlear implant
system 200 may include various components configured to be located external io a
cochlear implant recipient {1.e., a user of the cochlear implant system) including, but not
imited to, a microphone 202, a sound processor 204, and a headpiece 206. Cochlear
implant system 200 may further include various componeants configured to be implanied
within the recipient including, but not limited to, a cochlear implant 208 (also referred o
as an implantable cochlear stimulator) and a lead 210 (also referred to as an
infracochlear electrode array) with a plurality of electrodes 212 disposed thereon. As
will be described in more detail below, additional or alternative components may be
included within cochlear implant system 200 as may serve a particular implementation.
The components shown in FIG. 2 will now be described in mors detail.

00307 Microphone 202 may be configured o detect audio signals presented to the
recipient. Microphone 202 may be implemented in any suitable manner. For example,
microphone 202 may include a microphone such as a T-MIC™ microphone from
Advanced Bionics. Microphone 202 may be associated with a particular ear of the
recipient such as by being located in a vicinity of the particular ear (e.g., within the
concha of the ear near the entrance to the ear canal). In some examples, microphons

202 may be held within the concha of the ear near the entrance of the ear canal by a
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boom or stalk that is attached to an ear hook configured {o be selectively attached {0
sound processor 204, Additionally or alternatively, microphone 202 may be
implemented by one or more microphones disposad within sound processor 204, one
or more microphones disposed within headpiece 206, and/or any other suitable
microphone or microphones as may serve a particular implementation.

[0031] Sound processor 204 may be configured {o direct cochiear implant 208 to
generate and apply electrical stimulation {also referred to herein as “stimulation
current”) reprasentative of one or more audio signails (&.3., one or more audio signals
detected by microphone 202, input by way of an auxiliary audio input port, etc.) {o one
or more stimulation sites associated with an auditory pathway of the recipient such as
an auditory nerve of the recipient. Exemplary stimulgtion sites include, but are not
limited to, one or more locations within the cochles, the cochlear nucleus, the inferior
colliculus, andfor any other nuciel in the auditory pathway. While, for the sake of
simplicity, electrical stimulation will be described herein as being applied to one or both
of the cochleae of a recipient, it will be understood that stimulation current may aiso be
applied to other suitable nuciel in the auditory pathway. To this end, sound processor
204 may process the one or more audio signals in accordance with a selected sound
processing strategy or program to generate appropriate stimulation parameters for
controlling cochlear implant 208, Sound processor 204 may include or be implemented
by a behind-the-ear ("BTE") unit, a body womn device, andfor any other sound
processing unit as may serve a particular implementation. In some examples, sound
processor 204 may be implemented by an eleciroacoustic sound processor included in
an electroacoustic hearing system configured (o provide both electrical and acoustic
stimulation to the recipient.

(00321  Sound processor 204 may wirelessly transmit power and/or stimulation
parameters {e.g., in the form of data words included in a forward telemetry sequence)
to cochiear implant 208 by way of a wireless communication link 214 between
headpiece 206 and cochlear implant 208, It will be understood that communication link
214 may include a bidirectional communication link and/or one or more dedicated
unidirectional communication links. In the same or othar examples, sound processor
204 may transmit {e.qg., wirelessly transmit) information such as an audio signal
detectad by microphone 202 to another sound processor {e.q., a sound processor

associated with another ear of the recipient). For example, as will be described in more
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detail beiow, the information may be transmitied to the other sound processor by way of
3 wireless audio transmission link (not explicitly shown in FIG. 2).

[0033] Headpiece 206 may be separate from sound processor 204 (i.e., disposed in
a separate housing from the housing of sound processor 204), but may be
communicatively coupled to sound processor 204 by way of a cable including one or
more conductors. For instance, in corventional cochlear implant systems in which
headpiece 206 is implemented as a passive headpiece, the cable may be a coaxial
cable configured to carry AC power and data signals generated at sound processor 204
t0 be radiated from an antenna coll disposed within headpiece 206. Conversely, in
cochlear implant system implementations in which headpiace 206 is implemented as an
active headpiece implementing transcutaneous transmission sysiem 100 described
above, the cable may include several conductors (e.¢., including one or more twisted
pairs for carrying a differential signal) for carrying various power and data signals
described herain.

[0034] Regardiess of whether headpiece 200 is implemented as a passive or an
active headpiece, headpiece 206 may include an external antenna (e.g., a coil and/or
one or more wireless communication componeants) configured to facilitate selective
wireless coupling of sound processor 204 1o cochlear implant 208, Headpiece 208 may
additionally or aliernatively be used to selectively and wirelessly couple any other
external device to cochlear implant 208. To this end, headpiece 206 may be configured
ta be affixed to the recipient's head and positioned such that the extemal antenna
housed within headpiece 206 is communicatively coupled to a corresponding
implantable antenna (which may also be implemented by a coil and/or one or more
wirgless communication components) included within or otherwise associated with
cochlear implant 208. In this manner, stimulation parameters and/or power signals may
be wirelessly fransmitied between sound processor 204 and cochlear implant 208 via
communication ink 214.

[0035] Cochiear implant 208 may include any type of implantable stimulator that
may be used in association with the systems and methods described herein. For
example, cochlear implant 208 may be implementad by an implantable cochisar
stimulator. In some alternative implementations, cochlear implant 208 may include a
brainstem implant and/or any other type of active implant or auditory prosthesis that
may be implanted within a recipient and configured to apply stimulation to one or mors

stimulation sites located along an auditory pathway of a recipient.
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[0036] In some examples, cochiear implant 208 may be configured {o generate
glectrical stimulation representative of an audio signal processed by sound processor
204 (e.q., an audio signal detected by microphone 202) in accordance with one or more
stimulation parameters transmitted thereto by sound processor 204 by way of
headpiece 206. Cochlear implant 208 may be further configured o apply the elactrical
stimulation to one or more stimulation sites within the recipient via one or more
glectrodes 212 disposed along lead 210 (e.g., by way of one or more stimulation
channels formed by electrodes 212} In some examples, cochiear implant 208 may
include a plurality of independent current scurces each associated with a channel
defined by one or more of electrodes 212, In this manner, different stimulation current
levels may be applied to multiple stimulation sites simultanecusly {also referred {o as
‘concurrently”) by way of muitiple slectrodes 212.

[0037] FIG. 3 shows an illustrative schematic structure of a human cochlea 300 into
which lead 210 may be inserted. As shown in FIG. 3, cochlea 300 is in the shape of a
spiral beginning at a base 302 and ending at an apex 304. Within cochlea 300 resides
auditory nerve tissue 306, which is denoted by Xs in FIG. 3. Auditory nerve tissue 306
is organized within cochlea 300 in a {onciopic manner. That is, relatively iow
frequencies are encoded at or near apex 304 of cochlea 300 (referred to as an “apical
region”) while relatively high frequencies are encoded at or near base 302 {refarred to
as a "basal region”). Hence, each location along the length of cochlea 300 corresponds
to a different perceivaed frequancy. Cochlear implant system 300 may therefore be
configured to apply electrical stimulation to different locations within cochlea 300 {e.g.,
different locations along auditory nerve tissue 308) to provide a sensation of hearing {o
the recipient. For example, when lead 210 is properly inseried into cochiea 300, each of
glectrodes 212 may be located at a different cochlear depth within cochlea 300 (e.q., at
a different part of auditory nerve tissue 308} such that stimulation current applied (o one
electrode 212 may cause the recipient to perceive a different frequency than the same
stimulation current applied to a different electrode 212 {e.q., an electrode 212 locatad at
a different part of auditory nerve tissue 306 within cochlea 300).

[0038] FIG. 4 shows an iliustrative aclive headpiece 400 that is an implementation of
systemn 100 and is configured to wirelessly transmit power and dala to an implantable
stimulator in accordance with principles described herein. Active headpiece 400 may be
included within a cochlear implant system such as cochlear implant system 200 and

may be configurad o wirelessly transmit power (e.g., AC power 104) and data {e.qg.,
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forward telemetry data 108} to a cochiear implant {e.g., cochlear implant 208}. As
shown, active headpiece 400 may include, without iimitation, a housing 402, an
interface assembiy 404, and electronic circuitry 406, Interface assembly 404 and
electronic circuitry 406 may be communicatively coupled to one another and may be
disposed within {e.g., housed in, integrated into, etc.) housing 402. For example,
interface assembiy 404 and electronic circuitry 406 may be “disposed within” housing
402, as that term is used herein, if the components comprising interface assembly 404
and electronic circuitry 406 are at least partially contained inside housing 402, In some
axamples, housing 402 may completely enclose all of the components of interface
assembly 404 andf/or electronic circuitry 406, whereas, in other examples, at least one
component of interface assembily 404 or electronic circuitry 408 may be only partially
housed within housing 402 {e.¢., such as a connector that protrudes through a wall of
housing 402).

[0039] Interface assembly 404 may include any connectors, conductors, pads,
passive electrical components, active electrical components, mechanical components,
and/or other suitable components configured to facilitate active headpiece 400 in
exchanging electrical power and/or data with an external device such as a sound
processor (not explicitly shown in FIG. 4) that is communicatively coupled with interface
assembly 404 by way of a cable 408. The sound processor may be further included
within the cochlear implant system in which active headpiece 400 is inciuded, but may
be external {0 housing 402. For example, the sound procassor may be a completely
separate system component from active headpiece 400 within the cochlear implant
system, and may be disposed within a dedicated housing of its own that is separate
from housing 402, Other types of external devices employed as part of other types of
implantable stimulation systems (besides cochlear implant systems) may similarly be
housed separately from implementations of system 100 just as the sound processor is
housed separately from active headpiace 400 in this example.

[0040] interface assembly 404 may be configured to exchangs any power andfor
data signals with the sound processor over cable 408 as may serve a particular
implementation. For example, interface assembly 404 may raceive DC power from the
sound processor over cable 408, Additionally, interface assembly 404 may receive,
over cable 408, a self-clocking differential signal comprising a data signal encoded with
a clock signal at a clock frequency. The data signal may be representative of data

configured for use by a cochilear implant (e.q., cochiear implant 208).
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f0041] Electronic circuitry 406 may receive the DC power, the self-clocking
differential signal, and/or other power or data signals provided by the sound processor
by way of interface assembly 404, Upon receiving the power and data signals,
electronic circuitry 406 may be configured to recover the data signal and the clock
signal from the self-clocking differential signal and to generate, based on the recovered
clock signal, one or more syntheasized clock signals at one or more carrier freguencies.
The one or more carrier frequencies at which the one or more synthesized clock signals
are generated may be any suitable frequencies generated in any suitable way, as will
he described below. For example, at least one of the one or more carrier frequencies
may be distinct from the clock frequency of the recovered clock signal. Having
recovered the data signal and the clock signal, electronic circuitry 406 may use the one
or more synthesized clock signals to wirelessly transmit AC power based on the DO
power and forward felemetry data based on the recovered data signal to the cochlear
implant. For example, the AC power and the forward telemetry data may be transmitted
by way of different AC signals having the same or different carrier frequencies, or may
be transmitted by way of a single AC signal having a particular carrier frequency.
[0042] In some examples, along with receiving data signals from the sound
processor, elecironic circuitry 406 may also provide data signails to the sound
procassor. For example, as will be dascribed in more detail below, a back telemetry
data signal may be received from the cochlear implant over a wireless link between
active headpiecs 400 and the cochiear implant. The back telemetry data signal may be
received by active headpiece 400 and sent to the sound processor over cable 408,
(00431 FIG. 5 shows an iliustrative implementation 500 of active headpisce 400. it
will be understood that implementation 500 illustrates just one particular way that an
active headpiece for wirelessly transmitling power and data to a cochiear implant may
be implemented. As such, implementation 500 may be modified in various ways (e.g.,
ways described herein or any other suitable way) to create other suitable
implementations of active headpiace 400. For example, additional or fewer components
as shown in implementation 500 may be used in various other implementations of
active headpiece 400, Implementation 500 of active headpiece 400 will also be referred
to herein as active headpiece 500.

[0044] As shown within cable 408, a plurality of conductors 502 (e.g., conductors
502-1 through 502-4) may be included within active headpiece 500 for exchanging

power and/or data signals between a sound processor (not explicitly shown in FIG. §)
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and interface assembly 404, Interface assembly 404 is shown to be disposed within
housing 402 (e.g., implemented as a circular housing within active headpiece 500)
along with various electronic circuitry and other components also disposed within the
housing. For example, as shown, housing 402 further encloses an application specific
integrated circuit ("ASIC”) 504 associated with a data storage facility 506, a radio
frequency ("RF7) network 508, an antenna coil 510, a magnet 512, and a microphone
514. While explicit connections among these other components are not explicitly
ustrated, it will be understood that the electronic elements housed within housing 402
may be selectively and communicatively coupled with one ancther in any manner as
may serve a particular implementation so as {0 be able to perform operations described
herein.

[0045] Conductors 502 may be implemented as wires or other suitable conductors
enclosed within an insulative casing of cable 408. In some examples, a 4-wire interface
between the sound processor and active headpiece 500 may be employed that
includes the four conductors 502 illustrated in FIG. 5. In other examples, additional
conductors beyond conductors 502 of the 4-wire interface may also be used. Conductor
502-1 may be used to carry DC power from the sound processor to active headpiece
500 andfor 1o carry an electrical signal {8.9., a back telemetry data signal, a microphone
signal, etc.) from active headpiece 500 back to the sound processor. Conductor 502-2
may be used in conjunction with conductor 502-1 {o serve as a ground reference.
Conductors 502-3 and 502-4 may be implemented by a twisted pair of wires so as to
facilitate an efficient and low-emission wired transmission of differential signals such as
a self-clocking differential signal sent from the sound proceassor {o active headpiece
500. To illustrate, conductors 502-3 and 504-4 are depicted as being twisted around
one another throughout cable 408. In other examples, conductors 502 may be
implemented in other ways such as using coaxial conductors or the like.

[0046]  ASIC 504 may include various logic, power supplies, clock generation and/or
derivation circuitry (g.g. clock control loops, atc.), and/or other electronic circuitry used
to perform the operations described herein. ASIC 504 will be described below in more
detail. However, it will be understood that the functionality provided by ASIC 504 (as
well as data storage facility 506) may be provided ¢ active headpiece 500 in any
suitable manner. For example, rather than being performed within a special-purpose
ASIC as wiil be described below, the functionality of ASIC 504 andior data storage

facility 506 may be performed by discrete components or integrated circuits, by discrels
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logic circuitry, by a general purpose microprocessor or other computing component, by
programmabile hardware such as a field programmable gate array ("FPGA”), by a
combination thereof, or by any other passive or aclive electronic circuitry as may serve
a particular implementation.

00477  Data storage facility 506 may be associated with ASIC 504 in any suitable
way and may be used to store any suitable data. For example, data storage facility 506
may be integrated within (i.e., buill into) ASIC 504 in certain implementations, and may
b& implemented as an external storage device (e.qg., a discrete storage device included
within housing 402 such as a flash memory device, an EEPROM device, or the like} in
other implementations. In implementations in which data storage facility 506 is
implemented on a chip separate from ASIC 504, ASIC 504 may include a data storage
interface {e.¢., a dedicated communication interface) for communicatively coupling
ASIC 504 with the external storage device upon which data storage facility 506 is
implemented,

(00481 Daila storage facility 506 may be configured 1o maintain any data received,
generated, managed, maintained, used, and/or transmitted by ASIC 504, active
headpiece 500, or the cochlear implant system within which active headpiece 500 is
included. For example, data storage facility 506 may hold configuration values for ASIC
504 and the circuitry implemented therein. For instance, register valuss configuring
ciock freguencies (o be generated and used by active headpiece 500 may be stored in
data storage facility 506 and loaded into registers within ASIC 504 upon system startup
{2.g., when active headpiece 500 operates in a setup mode as will be described in
maore detail below). As another example, data storage facility 506 may siore data used
by the sound processor, such as data (e.q., backup data) representative of sound
processing parameters associated with a particular recipient, sound processing
programs used by the sound processor, or the like,

[0049] RF network 508 may include a network of passive components (e.g.,
capacitors, inductors, transformers, etc.) configured to facilitate antenna coif 510 in
franscutaneously exchanging wireless signals with a corresponding antenna coil
associated with & cochiear implant implanted within the recipient. For example, RF
network 508 may include passive electronic circuitry that achieves an effective and
gfficient impedance for antenna coil 510 in a manner similar to or the same as that

employed by conventional passive headpieces.
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[00507 Antenna coil 510 may be disposed along an outer perimeter of aclive
headpiece 500, as shown. In some examples, antenna coil 510 may represent a single
antenna coll comprised within aclive headpiece 500. In such examples, the elecironic
circuitry within active headpiece 500 (e.g., ASIC 504, RF network 508, etc ) may
wirelessly transmit both the AC power and the forward telemetry data by way of the
single anienna coll represeniad by antenna coil 510, In other examples, antenna coll
510 may represent both a first antenna coil and a second antenna coil distinct from the
first antenna coil, both of which are comprised within active headpiece 500. In these
axamples, the electronic circuilry within aclive headpiece 500 may wirelessly transmil
the AC power at a first carrier frequency by way of the first antenna coil, and may
wirelessly transmit the forward telemetry data (e.g., by way of a data-modulated AC
signal al the second carrier frequency} by way of the second antenna coil. Additionally,
one or more additional antenna coils such as an antenna coll dedicated o receiving a
back-telemetry wireless signal from the cochlear implant may also be included in the
plurality of antenna coills represented by antenna coil 510.

(00511 Magnet 512 may be included within active headpiece 500 in the same way
and for the same reason as magnets may be included in conventional passive
headpieces. Specifically, magnet 512 may be used to align aclive headpiece 530 with a
cochlear implant implanted under the skin of the recipient, as well as to hold aclive
headpiece 500 in place on the recipient’s head. In other examples, other suitable
alignment and/or attachment mechanisms or technigques may be employed in addition
to or as an alternative to magnet 512

[0052] In certain examples, active headpiece 500 may include microphone 514 to
replace or augment the detection of sound performed by one or more microphones
disposed in other locations. In examples in which active headpiece 500 includes
microphone 514 disposed within housing 402, microphone 514 may be
communicatively coupled to the sound processor by way of cable 408. For example,
microphone 514 may be configured to detect sound presentad to the racipient and to
generate and provide, to the sound processor by way of one or more of conductors 502
{e.g., an additional conductor 502 not explicitly shown), a signal representative of the
sound. In such examples, the data signal representative of data configured for use by
the cochiear implant {i.e., the data signal comprised within the self-clocking differential

signal received from the sound processor) may be generated by the sound processor
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based on the signal representative of the sound generated and provided by microphone
514,

00831  While various components that may be included within aclive headpiece 400
have been illustrated and described in reference to implementation 500 in FIG. 5, it will
also be noted that certain components may be advantageously omitted from other
implementations of active headpiece 400, For example, because electronic circuitry
included within active headpiece 400 (e g., within ASIC 504} may be configured fo
recover a clock signal received from the sound processor and to generate synthesized
clock signals based on the recoverad clock signal, no crystal oscillator or other such
clock generation components for generating clock signals from scratch may be
employed within certain implementations of active headpiece 400. To the contrary, ail
clock signals genarated within and/or used by slactronic circuitry in these
implementations of active headpiece 400 may be derived from a clock signal generated
by an osciilator included within the sound processor. In like manner, active headpiece
400 may be configured to be powered exclusively by power received from the sound
processor, such that no battery may be disposed within housing 402 of active
headpiece 400 in certain implementations. As mentioned above, while omitting these
components may provide various advaniages {e.g., reduced design constraints,
improved power efficiency, reduced amissions, etc.) under centain circumstances, there
may be other circumstances where it is desirable to integrate components such as
independant clock generation circuitry and/or battery power sources into
implementations of active headpiece 400 or other implementations of system 100. In
these examples, such components may therefore be included.

(00841  Electronic circuitry within active headpisce 500 may perform any of various
operations described hersin. As mentioned above, many such operations may be
performed by application specific circuitry buill into a special purpose chip such as
ASIC 504, or by other suitable electronic circuitry. Specifically, for exampls, ASIC 504
may be configured in certain implementations to receive (8.¢., by way of interface
assembly 404 from a sound processor external to housing 402) DC power and/or a self-
ciocking differential signal comprising a data signal encoded with a clock signal at a
clock frequency. The data signal may be representative of data configured for use by a
cochlear implant included within the cochiear implant system and configured to be
implanted within the recipient. ASIC 504 may be further configured to recover, from the

self-clocking differential signal, the data signal and the clock signal at the clock
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frequency. Based on the recovered clock signal at the clock frequency, ASIC 504 may
be configured to generate one or more synthesized clock signals at one or more carrier
freguenciss, at least one of which may be distinct from the recovered ciock fraguency.
ASIC 504 may be configured to wirelessly fransmit, to the cochlear implant using the
one or more synthesized clock signals at the one or more carrier frequencies, AC
power based on the DC power and forward telemetry data based on the recovered data
signatl.

[0055]  As has bsen mentioned, the configuration by way of which the AC power
{e.g., an implementation of AC power 104} and the forward telemetry dala {e.g., an
implementation of forward telemetry data 106) may be wirelessly transmitted {o an
implantable stimulator such as a cochlear implant may take various forms as may serve
a particular implementation. As one exampile, the electronic circuitry of a
transcutaneous fransmission sysiem {e.g., an active headpiece of a cochlear implant
system) may be configured {¢ generate, based on a recovered clock signal at the clock
frequency, a plurality of synthesized clock signails at a plurality of carrier freguencies.
As such, the wireless transmitting of the AC power and the forward telemetry data may
be performed using the plurality of synthesized clock signals by wirelessly transmitling
a first AC signal that carries the AC power at a first carrier frequency of a first
synthasized clock signal, and wirelessly transmitting, at a second carrier frequency of a
second synthesized clock signal, a second AC signal onto which the forward telemetry
data is modulated. This type of example will be iilustrated below with raspsct to FIGS.
8-7. As ancther example, the wireless transmitting of the AC power and the forward
telemetry data may be performed using a single synthesized clock signal by wirelessly
fransmitting a data-modulated AC signal that moduiatas the forward telemetry data onto
the AC power carried at the carrier frequency of the synthesized clock signal. This type
of example will be illustrated below with respect to FIGS. 9-10. As will be further
described below, FIG. 8 illustrates certain modes of operation for the transcutaneous
transmission systam that may be implemented in the examples of FIGS. 8-7 or the
examples of FIGS. 9-10.

[00881  FIG. 6 shows one illustrative implementation 800 of an ASIC 504 for use
within an implementation of active headpiece 400 {e.¢., implementation 500, eic.). As
shown, implementation 600 of ASIC 504 may inciude various inputs, cutputs,
components, functional blocks, intermediary signals, and so forth, that enable ASIC 504

to perform various operations described herein. For example, as shown, ASIC 504 may
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receive various inputs 802 (s.g., inputs 602-1 through 602-4} for use by a variety of
functional blocks including, without limitation, a power recovery facility 604, a clock and
data recovery facility 808, a logic facility 808, a data storage facility 610, & voliage
regulator 812, two clock control loops 614 (e.q., clock control loops 614-1 and 614-2),
two wireless AC power transmission facilities 616 (i.e., a wireless AC power
fransmission facility 816-1 and a wireless AC data transmission facility 616-2), and any
other facilities, components, etc. a3 may serve a particular implementation.

005871  Functional biccks 804 through 816 may be implementad in any suitable way,
such as by dedicated logic and other hardware built into ASIC 504 (e.g., very-large-
scale integration (“VL3I") hardware, mixed signal integrated circuit hardwars, systam on
a chip ("SoC”} hardware, mixed signal SoC hardware, etc.). Additionally, each
functional block 804 through 616 may be salectively and communicatively coupled {o
one ancther in any suitable way, including by way of the connections shown in FIG. 6 or
by way of other suitable connections.

[0058] inputs 802 may be received by ASIC 504 from a sound processor by way of
interface assembly 404, described above. Speacifically, input 602-1 may correspond to
{e.g., may be the same as or derived basead on} a signal carriad by conductor 502-1,
input 602-2 may correspond (o a signal carried by conductor 502-2, input 602-3 may
correspond to a signal carried by conductor 502-3, and input 602-4 may correspond to
a signal carried by conductor 502-4. Just as conductors 502-3 and 502-4 may be
configured to facilitate proper transmission of a differential signal in the ways described
above {2.q., by forming a twisted pair of conductors, etc.), PCB traces around ASIC 504
andfor conduction paths internal to ASIC 504 may be specially configured to carry
inputs 602-3 and 602-4 as a differential signal by, for example, being maiched in length,
impedance, and the like.

[00589] Power recovery facility 604 may receive a differential signal {e.g., a self-
clocking differential signal) from inputs 602-3 and 602-4 and, based on DC power
included within the differential signal, may generate a recovered power 618, which may
be a fixed DC power having a volitage that is fixed at a particular level (e.g., 1.0V). In
other words, recoversd power 818 may be derived from a seif-clocking differential
signal received by active headpiece 400 from the sound processor, rather than, for
axample, from the DC power sent by the sound processar and received by ASIC 504 as
input 602-1, or from any internal battery or other powser source within active headpiecse
400.
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[00807 During normal operation, when the cochlear implant system is providing
stimulation to the recipient to invoke the sensation of hearing, recovered power 618
may be used by voltage regulator 612 o derive a logic power 820 (abbreviated in FIG.
6 as “VU” for "Vwegic'). As shown, logic power 620 may be used throughout ASIC 504 to
power some or alf of the other facilities and functional blocks within ASIC 504. As such,
in these examples, ASIC 504 may use the fixed DC power of recovered power 818 1o
perform the recovery of the data signal and the clock signal and to perform the
generation of the different synthesized clock signals described below.

(00611  Voltage regulator 812 may be implemented by any suitable type of voltage
regulator {e.q., 8 linear reguiator such as a linear drop-out (*LDO”) regulator, a
switching regulator, a hybrid regulator, eic.) configured to generate logic power 620 as
a clean and stable power rail. As described above, voltage regulalor 812 may generate
logic power 620 based on recovered power 618 in ceriain examples (e.q., during
normal operation). In other examples, however, voliage regulator 612 may generaie
logic power 620 based on the DC power sent by the sound processor and received as
input 602-1. Thus, as shown, input 602-1 may also be connected as an input {o voliage
regulator 612 along with recovered power 618 so that vollage regulator 812 may opt to
use either or both power sources in different implementations or when operating in
different modes.

[0062] During normal operation, the DC power coming in on input 802-1 may be
variable DC powsr having a variable voltage level that changes, for example, based on
a sound level being picked up by a microphone in the cochlear implant system. For
instance, the DC power coming in on input 802-1 may be 0.5 V when the recipient is in
a relatively quist location, or 3.0 ¥V when the recipient is in a relatively noisy location.
This wide variability in the DC power of input 802-1 during normal operation may make
it difficult or impractical for logic power 620 to be derived from the variable DC power,
particularly if the desired voltage level for logic power 620 is within the range across
which the variable DC power varies (e.g., as 1.0V is within the rangs of 0.5V to 3.0 V).
For this reason, it may be convenient, although not required, for voltage regulator 612
to use recoverad power 618 {0 generate logic power 620 during normal operation of the
cochlear implant system. However, when the cochlear implant system is in modes of
aperation other than the normal mode of operation (e.g., a setup mode of opsration),
the DC power coming in on input 8602-1 from the sound processor may have a narrower

range, or may be a fixed DC power having a voltage that is fixed at a particular level. As
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such, particularly in these other modes of operation, voltage regulator 612 may use the
fixed DC power on input 602-1 to generate logic power 620 for performing the recovery
of the data signal and the clock signal and performing the generation of the synthesized
clock signals. In still other examples, a battery included within active headpiece 400
may be used to generate power from which voltage regulator 612 may derive logic
power 620,

[0063]  Just as power recovery facility 604 recovers power from a self-clocking
differential signal coming in on inputs 802-3 and 802-4, clock and data recovery facility
606 may also be configured to perform a recovery operation from the self-clocking
differential signal sent by the sound processor on these inputs. Howeaver, rather than
recovering power, clock and data recovery facility 606 may recover a data signal 622
and a clock signal 624 that is encoded with data signal 522 using a particular encoding
technigue used by the sound processor. For example, data signal 622 may have been
encoded with clock signal 624 using a clock encoding technigue {e.g., a zerc DC
balance encoding technigue), and clock and data recovery facility 606 may be
configured to recover data signal 822 and clock signal 624 in accordance with the clock
encoding technique. Different zero DC balance or other clock encoding techniques may
he emploved in different implemeniations. For instance, data signal 622 may be
gncoded with clock signal 624 using a Manchester, biphase-mark, or other clock
encoding iechnique, and clock and data recovery facility 608 may be configured to
recover data signal 822 and clock signal 824 in accordance with the Manchaster,
biphase-mark, or other clock encoding technique. In other examples, various other
astablished or proprietary clock encoding schemes (e.g., differential Manchester
gncading, other types of biphase encoding, other zero DC balance encoding
techniques, etc.} may be employed as may serve a particular implementation. Clock
and data recovery facility 606 may operate using a clock control loop such as a phase-
tockead loop ("PLLY), a delay-locked loop ("DLLY), or any other suitable clock recovery
circuit used to decode self-clocking differential signals based on the encoding scheme
with which they are encoded.

[0084] Clock control loops 614 may also be implemented using PLLs, DLLs, and/or
other suitable clock control loops configured to synthesize clock signals at
programmabie clock frequencies (e g., arbitrary clock frequencies, clock frequencias
within a particular range, etc.) that may be differgnt from a clock frequency of an input

signal used {o synthesize the clock signals. For example, if clock signal 624 has a clock
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frequency of 1.0 MHz, clock control loop 614-1 may synthesize a clock signal 626-1 at
a clock frequency of 5.0 MHz while clock control loop 614-2 may synthesize a clock
signal 626-2 at a clock freguency of 48.0 MHz. | will be understood that these
frequencias are given as examples only. As wiil be described in below, it may be
advantageous in other examples o transmit power and/or forward telemetry data at
gther frequencies, including frequencies significanily lower than 49.0 MHz. In other
gxamples, at least one of synthesized clock signals 626 may have the same clock
frequency as recovered ciock signal 624 andfor may have a lower clock frequancy than
that of recovered clock signal 624,

[00658] Clock control loops 614 may be programmable by writing registers or
otherwise setting values associated with the clock control loop circuitry to define the
expected clock frequency of the input clock signal {ie., clock signal 624} and the
desired clock frequency of the output clock signal (i.e., clock signais 626-1 or 626-2).
Values for such registers may be stored within data storage 610, As such, the values
may be sef to the registers, as well as read from and/or written (e.q., overwritien,
reprogrammed, etc.) to data storage 610, when active headpiece 400 is in a setup
mode of operation {e.q., at startup and/or before shutling down).

100661  In this way, aclive headpiece 400 may provide a large amount of flexibility for
compatibility with a wide variety of different sound processors andfor cochlear implants
configured to operale at different clock freguencies. For example, a particular sound
processor configurad 1o generate a seif-clocking diferential signal at a first particular
clock frequency may be made {0 be compatible with various cochlear implants
configured {o receive power and/or data fransmissions on various different carrier
frequencies by properly configuring clock control loops 614 in sofiware (e.¢., by
properly writing the appropriate registers) without any change in hardware {e.g., such
as replacing one crystal oscillator with ancther). As another example, a particular
cochlear implant configured to receive powser and/or data transmissions at a particular
carrigr frequency {(or plurality of carrier frequencies) may be mads 1o be compatible with
various sound processors configured {o generaie self-clocking differential signals at
different clock frequencies by similarly configuring clock control loops 614,

100671  As shown, clock signal 626-1 may be used by wireless AC power
fransmission facility 616-1 as a carrier frequency for a power fransmission output 628-1,
while clock signal ©26-2 may be used by wireless AC data transmission facility 616-2 as

a carrier frequency for a data transmission output 628-2. For exampie, oulpuis 628 (i.e.,
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power transmission output 628-1 and data transmission ocutput 628-2) may be
implemented as RF signals that may carry a significant amount of power (e.q., power
sufficient to power the cochlear implant) and/or may include modulated forward
telemetry data. As such, clock signals 626 may each be implemented with any clock
frequency as may serve as a suitable power carrier frequency {for wireless AC power
fransmission facility 816-1} or a suitable data carrier frequency (for wireless AC data
fransmission facility 616-2) in a particular implementation. For instance, in some
examples, the clock frequency of clock signals 626 may be programmed to a frequency
upon which emission regulations {e.g., FCC reguiations in the United States) aliow
cochlear implant systems to transmit.

(00681 It may be advantageous, in certain examples, for the clock freguency of clock
signal 626-2 {(i.e., the carrier frequency at which data output 828-2 is {0 be transmitied)
to be programmed to be significantly higher (e.g., at least twice as high) as the clock
frequency of clock signal 626-1 (i.e., the carrier frequency at which power output 828-1
is to be transmitied). For example, data at a particular ciock rate {(e.q., the clock rate of
cinck signal 624) may best be modulated onto a carrier signal when the carrier
frequency of the carrier signal is significantly faster than the rate at which the data is
clocked. As such, it may be desirable for the carrier fraguency of data ocutput 828-2 to
be relatively high. Because this transmission may use a relatively low voltage and low
power, it may be relatively efficient to employ the high carrier frequency. In contrast, for
powsr cutput 828-1, it may be much maore important, for the sake of efficiency, for the
carrier frequency 1o be relatively low. For example, switching power consumed by
wireless AC power transmission facility 816-1 may be significantly reduced by driving
power output 528-1 at a relatively low carrier frequency. Additionally, power output 628-
1 may be tuned with a large guality factor ("Q factor”) so as to oscillate efficiently
because of the fact that power and data are sent by active headpiece 400 separately at
diffgrent frequencies, rather than by modulating the data onto the power signal.

(00691  As shown, wireless AC power transmission 616-1 may generate power
output 628-1 based on the DC power coming into ASIC 504 on input 802-1. As
mentionad above, this DC power may be a variable BC power that changes basad on
the sound level experienced by the recipient in whatlever environment the recipient is in
(at lsast when operating in the normal operation mode). Accordingly, it will be
understood that power cutput 828-1 may provide a variable amount of power to the

cochlear implant while data output 628-2 may be generated at s fixed voliage.
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[0070]  Logic facility 808 may represent any logic circuilry included within ASIC 504
that has not already been described as part of one of the other facilities. Logic facility
608 may perform various functions including, for example, interfacing with daia storage
facility 610. Data storage facility 610 may implement data storage facility 506
(described above) and, as such, may be an integrated data storage facility built into
ASIC 504 in some examples, and an external data storage facility with which ASIC 504
(e.g., logic facility 608) is configured to interface and communicate in other examples.
For instance, logic faciiity 808 may be configured to provide readiwrite access to the
sound processor when active headpiece 400 is in a setup mode of operation, and to
make data storage facility 610 transparent to the sound processor when active
headpiece 400 is in a normal mode of operation.

[0071]  FIG. 7 shows ong illustrative configuration 700 in which active headpiece 400
interoperates with a sound processor 702 and a cochlear implant 704 within an
exemplary cochlear implant system. The cochlear implant system comprising the
components of configuration 700 may be similar to cochlear implant system 200,
described above. For example, sound processor 702 may be analogous o sound
processor 204, cochlear implant 704 may be analogous to cochlear implant 208, and a
lead 706 coupled with cochlear impiant 704 may be analogous to lead 210. In
configuration 700, active headpiece 400 may parform thea role described above in
relation 1o headpiece 206. However, unlike headpiece 206, which may be implemented
as a passive headplecs, active headpiece 400 is implementad as an active headplece
{and an implementation of transcutaneous fransmission system 100) that is configured
to perform the active operations described herein.

[0072] Asshownin FIG. 7, a 4-conductor interface between sound processor 702
and active headpiece 400, which may be impilemented in two separate housings, may
be employed. Specifically, conductors 502 may serve to electrically and
communicatively couple sound processor 702 1o active headpiece 400. As mentioned
above, conductors 502 may carry any power and/or data signals as may serve a
particular implementation. While, in some examples, conductors 502 may each be
dedicated 1o a single purpose (e.4g., 1o carrving a single type of power or data signal},
conductors 502 may, in other examples, be configured to carry different types of power
or data signals at different times in accordance with a time domain multiplexing

scheme. For instance, in some implementations, at least two modes of operation may
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be defined for the cochlear implant system, and conductors 502 may have distinct
purposes in the different modes of operation.

[0073] Toillustrate, FIG. 8 shows iliustrative waveforms that may be transmitted on
conductors 502 in configuration 700 when active headpiece 400 is operating in different
axemplary modes of operation. Specifically, each conductor 502-1 through 502-4 is
shown along a vertical axis next o a respeactive pair of waveforms depicting an
gxemplary voltage of the conductor with respect to time during a setup mode of
operation {(waveforms ending in “-17) and during a normal mode of operation
{waveforms ending in *-2").

[0074] For example, waveform 802-1 liustrates a voltage with respact to time for
conductor 502-1 during the setup mode of operation, while waveform 802-2 illustrates a
voltage with respect 1o time for conductor 502-1 during the normal mode of operation.
Similarly, waveform 804-1 fllustrates a voltage with respect to time for conductor 502-2
during the setup mode of operation, while waveform 804-2 illustrates a voltage with
respect 1o time for conductor 502-2 during the normal maode of operation. Waveform
806-1 illustrates a voltage with respect to time for conductor 502-3 during the setup
mode of operation, while waveform 806-2 illustrates a voltage with respect {o time for
conductor 502-3 during the normal mode of operation. Waveform 808-1 illustrates a
voltage with respect to tims for conductor 502-4 during the setup mode of operation,
while waveform 808-2 Hlustrates a voltage with respect o time for conductor 502-4
during the normal mode of oparation.

[0075]  Active headpiece 400 is configured to operate in one mode of operation at a
time from a plurality of supported modes of opearation including, without limitation, the
setup mode of operation and the normal mode of operation illustrated in FIG. 8.

(00781  in the setup mode of aperation, interface assembly 404 of active headpiece
400 may receive DC power by way of conductors 502-1 and 502-2 {(conductor 502-2
serving as a ground referegnce for the voltage on conductor 502-1), a setup daia signal
by way of conductor 502-3, and a setup clock signal by way of conductor 502-4. Thus,
as shown, waveform 802-1 may represent a fixed DC voltage (s.g., 1.0 V), waveform
804-1 may represent a fixed ground reference {i.e., at 0 V), and waveform 806-1 may
represent a setup data signal that is toggling with respect to waveform 808-1, which
may represant a setup clock signal. Even though, as described above, conductors 502-
3 and 502-4 may be length-maiched, combined in a twisted pair, or otherwise

configured to carry differential signals, FIG. 8 illustrates that, in the setup mode of
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operation, the setup data and clock signals carried by these conductors may be
implemented as two single-ended signals, rather than as a single differential signal. As
such, while operating in the sefup maode of operation, active headpiece 400 may
perform one or more system setup operations based on the setup data signal and the
setup clock signal, rather than, for example, performing the operations of recovering of
the data signal and the clock signal from a self-clocking differential signal, generating
one or more synthesized clock signals, wirelessly transmitting AC power and/or forward
telemetry data, and so forth as described above.

(00771 For example, the one or more system setup operations performed in the
setup mode of operation may include register configuration operations to setup clock
control loop circuits (e.g., clock control loops 614) to properly generate the first and
second synthesized clock signals 1o generate desired carner frequencies during the
normal mode of operation. As ancther example, the one or more system setup
operations may include data reading operations and/or data writing operations to
retrieve data from and/or store data to data storage facility 610. For example, if data
storage facility 610 is implemented in integrated data storage within ASIC 504, the
system setup operations may involve reading from and/or writing to the integrated data
storage. Conversely, if data storage facility 610 is implemented in data storage external
to ASIC 504, the system setup oparations may involve reading from and/for writing o
the external data storage.

[0078] In the normal moede of opearation, interface assembly 404 of active headpiece
400 may receive DC power by way of conductors 502-1 and 502-2 {conductor 502-2
serving as a ground reference for the voltage on conductor 502-1}, and a self-clocking
differential signal by way of conductors 502-3 and 502-4. Thus, as shown in FIG. 8,
waveform 802-2 may represent a variable DC voltage (e.¢., ranging from 05V 1o 30V
as the iniensity of sound in the environment changes), waveform 804-2 may reprasent
a fixed ground reference {i.e., at 0 V), and waveforms 806-2 and 808-2 may collectively
reprasent the self-clocking differential signal compnising the data signal encoded with
the clock signal at the clock frequency. Accordingly, as shown, waveforms 806-2 and
808-2 represent a differential signal in which the voltage on each conductor is always at
a voltage level opposite the voltage level on the other conductor. As such, while
operating in the normal mode of operation, active headpiece 400 may perform the
recoveary of the data signal and the clock signal from the self-clocking differential signal,

the generation of the one or more synthesized clock signals, the wireless transmission
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of the AC power and the data-modulated AC signal, and so forth as has been
described.

[0079] it wili be understoad that the waveforms in FIG. 8 are not drawn to scale. For
example, the varying of the voltage on waveform 802-2 may cccur on a much larger
time scale than the toggling of the differential signal represented by waveforms 806-2
and 808-2.

(00807  Active headpiece 400 may operate within the setup mode or the normal
mode at any point in time as may sarve a particular implementation. For instance, in
some implementations, active headpiece 400 may operate within the setup mode for a
few milliseconds right when the cochlear implant system is powering up and/or when
the cochilear implant system is powering down, while operating in the normal mode the
remaindear of the time the cochlear implant system is powered on.

[0081] Returning to FIG. 7, along with the 4-conductor interface between sound
processor 702 and active headpiece 400 described above, configuration 700 further
ilustrates a wireless, transcutaneous interface between active headpiece 400 and
cochlear implant 704. Specifically, a wireless AC power signal 708-1 and a data-
moduiated wireless AC signal 708-2 may be transmitted through the skin from active
headpiece 400 to cochlear implant 704, while a back telemestry AC signail 710 may be
fransmittad through the skin from cochlear implant 704 back to active headpisce 400,
These signals may be generated and transmitted via one or more coil antennas in any
of the ways described harein.

100821  Hlustrative waveforms that show the shape of wireless AC power signal 708-
1, data-modulated wireless AC signal 708-2, and back telemetry AC signal 710 are
broken out from each signal in FIG. 7. In particular, these waveforms illustrate wireless
AC power signal 708-1, data-modulated wireless AC signal 708-2, and back telemetry
AC signal 710 as implemented when the cochlear implant system is operating in the
normal mode of operation. Each of wireless AC power signal 708-1, data-modulated
wireless AC signal 708-2, and back telemetry AC signal 710 may be implemented as
RF signals having carrier frequencies in the RF band of the electromagnetic spectrum.
[00831  As shown, wireless AC power signai 708-1 may have a relatively low
frequency and a relatively stable magnitude. As described above, this low frequency
and consistency may allow power {0 be transmitied more efficiently than if power were
moduiated with data s0 as to cause the signal {o constantly start and stop (8.9, as

Hlustrated for data-modulated wireless AC signal 708-2). While, over a short period of
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time, wireless AC power signal 708-1 may appear to have a constant, fixed amplitude, it
will be undersicod that the amplitude may vary over time in accordance with the
variance of sound intensity in the environment and the resultant DC voltage level
provided by sound processor 702 on conductors 502-1 and 502-2, as described above.
00841  In certain implementations, as further llustrated by FIG. 7, data-moduisted
wirgless AC signal 708-2 may be transmitied using a higher carrier frequency than
wireless AC power signal 708-1 (e.g., Tor the reasons described above). Data may be
moduiated onto the signal in any suitable manner. For example, active headpiace 400
may be configured to wirelessly transmit the data-modulated wireless AC signal 708-2
using an on-off keying ("COK”} modulation technique, as shown. This technique, as
Hlustrated in FIG. 7, may include moduiating data bits onto the signal by switching the
carrier frequency completaly on {e.g., for a '’ data bit) and off (2.9., for a ‘0 data bit). In
other examples, data may be modulated in other ways such as by using an ampliude
shift keying ("ASK”} moduiation technigue in which the signal is not switched fully on
and off but rather reduced and increased to two different non-zero levels. Because
power is transmitted separately on wireless AC power signal 708-1 in this
implementation, data-modulated wireless AC signal 708-2 may have a relatively small
amplitude s0 as {0 be transmitted as efficiently as possible.

[0085]  As further shown in FIG. 7, active headpisce 400 may be further configured
to wirelessly receive, from cochlear implant 704, back telemetry AC signal 710, For
example, back telemetry AC signal 710 may be implemented as an additional data-
modulated wireless AC signal (e.g., similar {0 data-modulated wireless AC signal 708-2)
upon which back telemetry data is modulated. In some examples, rather than a data-
modulated signal, back-telemetry data may involve more basic feedback such as a
simple acknowledge (ACK) or non-acknowledge (NACK) flag. Active headpiece 400
may provide the data received by way of back telemetry AC signal 710 o sound
procassor 702 in any suitable manner and/or gver any conductor as may serve a
particular implementation. For instance, the back telemetry data may be transmitted
over conductors 502-1 and 502-2, over an additional conductor dedicated to back
telemetry data (not explicitly shown), or over any other suitable conductor.

[0088] As mentioned above, FIG. 8 shows {(along with FIG. &) another illustrative
implementation 900 of an ASIC 504 for use within an implementation of active
headpiece 400 {&.g., implementation 500, eic.}. Implementation 900 is similar to

implementation 600 described above, but includes only one clock control loop
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configured o generate one synthesized clock signal. This is possible because a single
wireless AC transmission facility is used (rather than the separate power and data AC
transmission facilities of implementation 600} to wirelessly transmit both AC power and
forward telemetry data on a single wireless AC signal at the carrier frequency of the
synthesized clock signal.

00871 Unless otherwise noted, it will be understood that the components of
implementation 800 may be emploved to perform a similar or identical function as like-
numbeared components of implemeantation 6800, described above. For example, as
shown in FIG. 9, implementation 800 of ASIC 504 may receive various inputs 802 (e.g.,
inputs 802-1 through 902-4) that are analogous to inputs 602 and used by a varisty of
functional blocks including, without limitation, a power recovery facility 904 (analogous
ta power recovery facility 804), a clock and data recovery facility 908 (analogous to
clock and data recovery facility 606), a logic facility 908 (analogous to logic facility 608},
a data storage facility 910 (analogous to data storage facility 610), and a voltage
reguiator 812 {analogous to voltage regulator 612}, Rather than two clock control loops,
as are inciuded in implementation 600 (clock control loops 614-1 and 614-2),
implementation 900 is shown o include a single clock control loop 914 that performs
the same function of generating a synthesized clock signal at a particular carrier
frequency. Additionally, rather than two wireless AC transmission facilities, as are
included in implementation 600 (wireless AC power transmission facility 616~1 and
wirsless AC data transmission faciiity 8186-2), implementation 900 is shown to include a
single wireless AC transmission facility 916, As with implementation 600, it will be
understood that implementation 800 may also include any other facilities, components,
gtc. as may serve a particular implementation.

[00881  Similarly as described above with respect to respective components of
implementation 800, power recovery facility 804 may generate a recovered power 918,
voltage regulator 912 may generate a logic power 820, clock and data recovery facility
9086 may recover a data signal 922 and a clock signal 924, and clock control loop 914
may synthesize a clock signal 926. As will be described in more detail below, in
implementations in which the power and data are {0 be wirelessly transmitted on a
single signal, it may be desirable for the frequency of synthesized clock signal 826 (i.e.,
the carrier frequency that will be used to wirelessly transmit the power and data) to be
relatively low for power efficiency, emissions, and/or other purposes. For instance,

rather than a relatively high frequency of 48.0 MHz mentioned above for the frequency
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of synthesized clock signal 626-2, the freguency of synthesized clock signal 826 may
be 13.56 MHz or ancther relatively low frequency that may be selected to account for
radialed emissions compliance and so forth.

[0089]  As shown, clock signal 826 may be used by wireless AC fransmission facility
916 as a carrier frequency for a transmission output 228 implemented as an RF signal
that may carry AC power derved from DC power received by way of input 902-1 and
that may be modulated with forward telemetry data derived from recovered data signal
922. As such, clock signal 926 may be implemented to use any clock frequency as may
serve as a suilable power carrier frequency and a suitable data carrier frequency in a
particular implementation. For instance, as mentioned above, the clock frequency of
ciock signal 626 may be programmed to a frequency of 13.56 MHz or ancther suitable
frequency upon which emission reguiations {e.g., FCC regulations in the United States)
allow cochlear implant systems to transmit.

[0080] As mentioned above, FIG. 10 shows {(along with FIG. 7) another illustrative
canfiguration 1000 in which active headpiece 400 interoperates with a sound processor
1002 and a cochlear implant 1004 within an illustrative cochlear impiant system.
Configuration 1000 is similar {o configuration 700 describad above, but includes only
one data-modulated AC signai configured to carry both power and forward telemetry
data, rather than the separate signals shown in configuration 700,

[0091]  The cochlear implant system comprising the components of configuration
1000 is analogous to the cochiear implant system of configuration 700 described above
irt relation to FIG. 7. As such, unless otherwise noted, it will be understood that the
companents of configuration 1000 may be employed {o perform a similar or identical
function as like-numbered components of configuration 700. For example, as shown in
FIG. 10, sound processor 1002 may communicate, using either or both of the operating
modes described gbove in relation to FIG. 8 or other suitable operating modes, with
active headpiece 400 using a 4-conductor interface having signais 502 (e.g., signals
502-1 through 502-4). Additionally, configuration 1000 further illustrates a wireless,
franscutaneous interface between active headpiece 400 and a cochlear implant 1004
{analogous to cochlear implant 704) with an electrode lead 1006 (analogous to
electrode lead 708) implanted beneath the skin of the recipiert. However, instead of
saparate signals for power and data (g.g., such as wireless AC power signal 708-1 and
data-modulated wireless AC signal 708-2 in configuration 700), configuration 1000

includes a single data-modulated AC signal 1008 that is transmitted through the skin
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from active headpiece 400 to cochiear implant 1004 with both power and forward
telemetry data. Additionally, analogous to back telemetry AC signal 710, configuration
1000 shows a back telemetry AC signal 1010 configured to be transmitted through the
skin from cochlear implant 1004 back to aclive headpiece 400,

00821 AsinFiG 7, FIG. 10 shows illustrative waveforms, broken out from sach
signal in FIG. 10, that show the shape of data-modulated wireless AC signal 1008 and
back telemetry AC signal 1010. These signals are both illusitrated as data-modulated
AC signals that employ an COK modulation technique. In the case of data-modulated
wireless AC signal 1008, however, the OOK modulation technique may cause the
power being provided by way of the signal to start and stop in a manner that reduces
the efficiency of the system or otherwize limits the amount of power that can be
transcutaneously deliverad from active headpiece 400 to cochlear implant 1004,
Accordingly, in centain examples, data-modulated AC signal 1008 may be modulated
using an ASK technique (not explicitly shown) that aliows power o continucusly be
delivered to cochlear implant 1004. More specifically, the slecironic circuitry of active
headpiace 400 may be configured o wirelessly transmit the AC power and the forward
telemetry data by way of data-modulated AC signal 1008 using sither an O0OK
modulation technique or an ASK modulation technique to moduiate the forward
telemetry data onto the AC power carried at the carriar frequency of the synthesizaed
ciock signal.

[0083]  As has been mentionsed, wireless RF signals such as wirsless AC power
signal 708-1 or data-modulated AC signals 708-2 or 1008 may be generated with
various carrnier frequencies for various reasons (e.g., bandwidth considerations,
emissions compliance, power efficiency, ste.). Different carrier frequencies may have
different advantages and drawbacks. Accordingly, systems and methods described
herein for wirelessly transmitting power and data to an implaniable stimulator may
incorporate certain features to take advantage of the advantages of a selected carrier
frequency and/or to mitigate chalienges associated with a selected carrier frequency.
[0084] To illustrate one example, FIG. 11 shows example waveforms representative
of wireless signals as recaived by an implantabie stimulator over different inductive
links associated with different carrier freguencies and bandwidths. Specifically, as
shown, a spectrum 1102 of different carrier frequencies is iliustrated by an arrow that
reprasents relatively high carrier frequencies toward the top of the spsctrum and

relatively low carrier frequencies toward the bottom of the spectrum. On spectrum 1102,
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two specific carrier freguencies 1104 (i.e., high carrier frequency 1104-1 and low carrier
frequency 1104-2) are called out as particular examples. Specifically, high carrier
freguency 1104-1 {2.q., a frequency such as 49.0 MHz) is shown to be placed relatively
high on spectrum 1102, while low carrier frequency 1104-2 (e.g., a frequency such as
13.56 NMHz) is shown {0 be placead relatively low on spectrum 1102,

[00858] One consequence of the carrier frequency 1104 selected for a particular
implementation is the effect that the carrier frequency 1104 has on the bandwidth
afforded to data transmitted using the selectad carrier frequency. For example, a
relatively low carrier frequency {e.q., iow carrier freguency 1104-2) may provide a
narrowear bandwidth than a relatively high carrier frequency (e.g., high carrier frequency
1104-1). To illustrate, FIG. 11 shows different bandwidth inductive links 1108 {e.g.,
inductive links 1106-1 and 11068-2) {0 be associated with each of carrier frequencies
1104. Specifically, high carrier frequency 1104-1 is shown to be associated with a
wideband inductive link 1106-1 {i.e., an inductive link with a relatively wide bandwidth
that facilitates the transmission of relatively high-speed data rates and relatively fast
data edges), while low carrier frequency 1104-2 is shown to be associated with a
narrowband inductive link 1108-2 (i &., an inductive link with a relatively narrow
handwidth that would make it more difficult to fransmit high-speed data rates and
relatively fast data edges).

(00981 Different waveforms 1108-1112 each show voltage along the y-axis and time
along the K-axis o llustrate aspects of how an example data signal might be recelived
whien transmitted over the different inductive links 1108, Specifically, a waveform 1108
shows that the data signal transmitted over wideband inductive link 1106-1 has fast
{i.e., highly vertical} edges that are desirable for a digital signal iike this data signatl. it
will be understood that a real physical signal may never look as ideal (e.g., with as
square of edges, etc.) as depicled in waveform 1108, but the principle tllustrated by
FIG. 11 is that a relatively optimally-shaped digital signal may be readily transmitted
over a wideband inductive link such as wideband inductive link 1106-1. In contrast, &
waveform 1110 shows that the data signal transmitted over narrowband inductive link
1106-2 may have siow (i.e., not very vertical) edges that are undesirable for a digital
signal. Accordingly, in examples where g low carrier frequency such as carrier
frequency 1104-2 is selected (e.g., for efficiency, emissions compliance, or other
purposes) and a narrowband inductive link such as inductive link 1106-2 is used,

gqualization circuitry may be employed to help compensate for distortion (e.¢., slow
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adges, eic.) introduced onto the digital signai as a result of the narrow bandwidth of the
inductive link. Specifically, as shown, while a non-ideal waveform such as waveform
1110 may result from using narrowband inductive link 1106-2 in implementations that
do not employ equalization circuitry ("Without Equalization Circuitry™), a more optimal
waveform such as a waveform 1112 (which, as shown, may be similarly or identically
optimal as waveform 1108 described above) may result from using narrowband
inductive link 1106-2 in implementations that do employ equalization circuitry (“With
Equalization Circuitry™).

(00971  Accordingly, in certain implementations, a carrier freguency of a synthesized
clock signal may be relatively low {2.q., less than 40 MHz, less than 20 MHz, less than
15 MHz, approximately 13.56 MHz or another suitable low freguency, elc.), and a
communication link over which AC power and forward telemetry data is wirelessly
transmitted to an implantable stimulator may be a transcutaneous narrowband inductive
fink {e.g., narrowband inductive link 1106-2). In these implemsentations, the wireless
transmitting of the forward telemetry data may be performed by wirelessly transmitting,
at the relatively low carrier frequency, a forward telemetry signal onto which the forward
telemetry data is modulated. Electronic circuitry implemented in these implementations
may inciude egualization circuitry configured to facilitate recovery, by the implantable
stimulator, of the forward telemetry data from the forward telemetry signal by
compensating for distortion introduced onto the forward telemetry signal as a result of
bandwidth limitations imposad by the transcutaneous narrowband inductive tink. For
example, the equalization circuitry may allow the implantable stimulator to derive a data
signal such as lllustrated by waveform 1112 from the forward telemetry signal rather
than a daia signal such as Hllustrated by waveform 1110,

(00981 in implementations where it is used, equalization circuitry may be depioyed in
different ways by system 100 {(e.g., an aclive headpiece), by implantable stimulator 102
(2.g., a cochlear implant), or by both of these components. To illustrate, FIGS. 12A-12C
show illustrative configurations for how equalization circuitry may be implementad
within a transcutaneous transmission system such as system 100 and/or an
implantable stimulator such as implantable stimulator 102 to compensate for distortion
on wireless signals exchanged between the transcutaneous transmission system and
the implantable stimulator.

(00891 Ineach of FIGS. 12A-12C, an implementation of system 100 and an

implementation of implantable stimulator 102 are shown 1o be separated by a layer of
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skin of a recipient, indicating that the implantable stimulator is implanted within the
recipient and communicating with the transcutaneous transmission system as the
system is external from the recipient’s body. Al least one wireless (e.g., RF) signal 1202
is shown to be transmitted between system 100 and implantable stimulator 102 in each
of the figures. This signal will be understood to represent any of a AC power signal
provided by system 100 to implaniable stimulator 102, a forward telemetry data signal
provided by system 100 to implantable stimulator 102, a combination AC signal that
carries both power and data from system 100 to implantable stimulator 102 in any of
the ways described herein, a backward telemetry data signal provided by implantable
stimulator 102 to system 100, or any other suitable signal or signals that may be
communicaied between system 100 and implantable stimulator 102 in a particular
implementation.

[0100]  As shown, transmission circuitry 1204 in system 100 and transmission
circuitry 1206 in implantable stimulator 102 is used (o facilitate the exchange of wireless
signal 1202, such as by preparing and inductively transmitting wirgless signal 1202,
receiving and processing wireless signal 1202, and so forth. Additionally, equalization
circuitry 1208 is shown to be included within system 100 and/or within implantable
stimulator 102 to pre-compensate, post-compensate, or otherwise compensats for
distortion introduced onto wireless signal 1202 as a result of bandwidth limitations
imposed by a transcutaneous narrowband link beitween system 100 and implantable
stimulator 102, For example, egualization circuitry 1208 may include passive or active
components configured to compensate for the distortion by forming, shaping,
procassing, and/or otherwise altering the signal to ensure that the signal finally received
looks similar to the example of waveform 1112 and dissimilar 1o the example of
waveform 1110.

101011  As illustrated specifically in FIG. 12A in certain examples, equalization
circuitry 1208 may be included within electronic circuitry 406 of system 100 together
with transmission circuitry 1204, In this example, equalization operations for forward
telemetry signals would be limited to pre~-compensation of the distortion, and
implantable stimulator 102 is shown to not include any equalization circuitry. For
instance, a forward telemetry signal may be pre-distorted in & manner that will be
undone by the distortion of the narrowband link so that implantable stimulator 102 will
receive a non-distorted signal. Conversely, a backward telemelry signal in this example

would need to be undistorted upon receipt by system 100,
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[0102]  As illustrated spacifically in FIG. 12B, equalization circuitry 1208 may, in
other examples, be included both within electronic circuitry 406 of system 100
{equalization circuitry 1208-1} and within implantabie stimulator 102 {ogether with
transmission circuitry 1208 (equalization circuitry 1208-2). In this example, equalization
operations may be performed both on the transmission side and on the receiving side
of the narrowband link such that some pre-distortion may be included on the signal
before transmission {(which may be partially corrected by the distortion of the
narrowband link) and some post-distortion is performead on the signal aftar being
received. Additionally or alternatively, by including equalization circuitry 1208 on both
sides of a transcutaneous narrowband link, wireless signals being transmitted over the
link in both directions {e.g., forward telemelry signals and backward telemetry signals)
may be treated the same way {e.¢., both pre-compensated, both post-compensated,
both treated with a combination of pre-compensation and post-compensation, etc.).
[0103]  As illustrated specifically in FIG. 12C, equalization circuitry 1208 may, in still
other examples, be included only on the side of implantable stimulator 102 with
transmission circuitry 1206, In this exampile, forward telemetry equalization operations
would be limited to post-compeansation of the signal distortion since system 100 doss
not include any equalization circuitry for pre-distorting the signal. In this example,
backward telemetry equalization would be limited to pre-compensation by implantabls
stimulator 102.

[0104] FIG. 13 shows an illustrative method 1300 for wirslessly transmitting power
and data to an implantable stimulator in accordance with principles described herein.
While FIG. 13 illustrates exemplary operations according to one embodiment, other
embodiments may omit, add to, reorder, and/or modify any of the operations shown in
FIG. 13, In some examples, some or ali of the operations shown in FIG. 13 may be
performed by a transcutaneous transmission system such as system 100, or any
implementation thereof that is described herein (e.g., an active headpiace such as
active headpiace 400) or that may serve a particular embodiment.

(01051 in operation 1302, a transcutaneous transmission system included within an
implantable stimulation system {(e.g., a cochlear implant system, etc.) associated with a
recipient may receive DO power and a self-clocking differential signal. For example, the
transmission systam may receive the DC power and the self-clocking differential signal
from an external device housed separately from the transmission system (e.g., a sound

processor in the example of the cochlear implant system). The self-clocking differential
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signal may comprise a data signal encoded with a clock signal at a clock frequency.
The data signal may be representative of data configured for use by an impiantabie
stimulator implanted within the recipient {e.g., a cochiear implant in the cochlear implant
system example). Operation 1302 may be performed in any of the ways described
herain.

01081  In operation 1304, the transcuiansous transmission system may recover the
data signal and the clock signal from the self~clocking differential signal received in
operation 1302. Specifically, the transmission system may recover the clock signal at
the clock freguency. Operation 1304 may be performed in any of the ways described
herain.

(01071  In operation 1306, the transcuianeous iransmission sysiem may generate a
synthesized clock signai at a carrier frequancy. For example, the tfransmission system
may generate the synthesized clock signal based on the clock signal at the clock
frequency that was recovered in operation 1304. Operation 1306 may be performed in
any of the ways described herain.

(01081 in operation 1308, the transcuianeous fransmission system may use the
synthesized clock signal generated in operation 1308 to wirslessly transmit AC power
and forward telemetry data to the implantable stimulator implanted within the recipient.
For axample, the AC power may be basead on the DC power receivaed at operation 1302
and the forward telemetry data may be based on the data signal recovered at operation
1304, Operation 1308 may be performed in any of the ways described herein.

01091  In the preceding description, various exemplary embodiments have been
describad with reference {o the accompanying drawings. it will, howsver, be evident
that various modifications and changes may be made thereto, and additional
embodiments may be implemented, without departing from the scope of the invention
as set forth in the claims that follow. For exampie, ceriain features of one embodiment
described herein may be combined with or substituted for features of another
ambodiment described herain. Thea description and drawings are accordingly to be

regarded in an illustrative rather than a restrictive sense.
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CLAIMS

What is claimed is:

1. A system comprising:
an interface assembly configured to:
receive direct current (DC) power, and
receive a self-clocking differential signal comprising a data signal encoded
with a clock signal at a clock frequency; and
electronic cireuitry configured 1o:
recover, from the self-clocking differential signal, the data signal and the
ciock signal at the clock frequency,
generate, basad on the recoverad clock signal at the clock frequency, a
synthesized clock signal at a carrier frequency, and
using the synthesized clock signal, wirelessly transmit, to an implantable
stimulator implanted within a recipient, alternating current (AC) power based on the DC

power and forward telemetry data based on the recovered data signal.

2. The system of claim 1, whersin the wireless transmitting of the AC power
and the forward {elemetry data using the synthesized clock signal is parformed by:

wirelessly transmitting a data-modulated AC signal that modulates the forward
telametry data onto the AC power carried at the carrier frequency of the synthesized

clock signal.

3. The system of claim 1, wherein:
the electronic circuitry is further configured to generate, based on the recovered
clock signal at the clock frequency, an additional synthesized clock signal ai an
additional carrier frequency; and
the wirsless transmitting of the AC power and the forward telemetry data using
the synthesized clock signal is performed by:
wirelessly transmitting a first AC signal that carries the AC power at the
carrier frequency of the synthesized clock signal, and
wirglessly transmitting a second AC signal onto which the forward
telemetry data is modulated, the second AC signal transmitted at the additional carrier

frequency of the additional synthesized clock signal.
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4, The system of claim 3, wherein the additional carrier frequency at which
the electronic circuitry is configurad to generate the additional synthesized clock signal
is at least twice as twice as high as the carrier frequency at which the electronic

circuitry is configured 1o generate the synthesized clock signal.

5. The system of claim 3, further comprising a single antenna coil;
wherein:
the electronic circuitry wirelessly fransmits the first AC signal that carries
the AC power to the implantable stimulator at the carrier frequency by way of the single
antenna coil, and
the electronic circuitry wirglessly transmits the second AC signal onto
which the forward telemelry data is modulated to the implantable stimulator at the

additional carrier frequency further by way of the single antenna coil.

6. The system of claim 3, further comprising:
a first antenna coil, and
a second antenna coil distinct from the first antenna coil;
wherein:
the electronic circuitry wirelessly transmits the first AC signal that carries
the AC power to the implantable stimulator at the carrier frequency by way of the first
antenna coil, and
the electronic circuitry wirelessly transmits the second AC signal onto
which the forward telemetry daia is modulated to the implantable stimulator at the

additional carrier frequency by way of the second antenna coil.

7. The system of claim 1, whersin:

the carrier frequency of the synthasized clock signal is less than 49 MHz, and

a communication link over which the AC power and forward telemetry data is
wirelessly transmitted to the implantable stimulator is a transcutaneocus narrowband

inductive link.
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8. The system of claim 7, whersin:

the wireless transmitting of the forward telemeiry data is performed by wirelessly
tranamitting, at the carrier frequency, a forward telemetry signal onto which the forward
telemetry data is modulated, and

the elecironic circuitry includes equalization circuitry configured to facilitate
recovery, by the implantable stimulator implanied within the recipiert, of the forward
telemetry data from the forward telemetry signal by compensating for distortion
introduced onto the forward telemetry signal as a result of bandwidth limitations

imposed by the transcutansous narrowband inductive link,

9. The system of claim 1, further comprising a housing within which the
interface assembiy and the slectronic circuitry are disposed;
wherein:
the interface assembly is communicatively coupled, by way of a cable, to
a sound processor external to the recipient and to the housing; and
the interface assembily is configured {0 receive the DC power and the self-

clocking differential signal from the sound processor by way of the cable.

10, The system of claim 1, implemented as a headpiece included within a
cochlear implant system associated with the recipient, wherein:

the implantable stimulator is implementad as a cochiear implant included within
the cochiear implant system;

the data signal is representative of data configured for use by the cochlear
implant; and

the electronic circuitry is configurad to wirelessly transmit the AC power and the
forward ielemetry data transcutaneocusly to the cochlear implant while the cochiear

implant is implanted within the recipient,

11.  The system of claim 1, wherein the system is configured to operate in one
mode of operation at a time from a plurality of supported modes of operation including:
a normal mode of operation in which:
the interface assembly receives the DU power by way of a first conductor
within a cable and receives the self-clocking differential signal by way of a second

conducior and a third conductor within the cable, and
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the electronic circuitry performs the recovery of the data signal and the
clock signal, the generation of the synthesized clock signal, and the wireless
transmitting of the AC power and the forward telemetry data; and

a setup mode of operation in which:

the interface assembly receives the DT power by way of the first
conductor, receives g setup data signal by way of the second conductor, and receives a
setup clock signal by way of the third conductor, and

rather than performing the recovery of the data signal and the clock
signal, the generation of the synthesized clock signal, and the wireless transmitting of
the AC power and the forward telemetry signal, the electronic circuitry performs one or
more system setup operations based on the setup data signal and the setup clock

signal.

12, The system of claim 11, wherein:

the electronic circuitry includes a clock control loop circuit configurad to perform
the generating of the synthesized clock signal, and

the one or more system setup operations performed by the electronic circuitry in
the setup mode of operation include register configuration operations to set up the clock

control loop circuit to generate the synthesized clock signal at the carrier frequency.

13. The system of claim 1, further comprising
a housing within which the interface assembly and the electronic circuitry are
disposed,; and
a microphone communicatively coupled, by way of a cable, (o a sound processor
external 1o the recipient and to the housing;
wherein:
the microphone is configured o detect sound presented 1o the recipient
and o generate and provide, to the sound processor, a signal reprasentative of the
sound, and
the data signal is generated by the sound processor based on the signal

representative ¢of the sound.

14.  The system of claim 1, wherein the elecironic circuitry is further

configured to:
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access a fixed DC power having a voltage that is fixed at a particular level by
deriving the fixed DC power from the received DC power or by recovering the fixed DC
power from the sel-clocking differential signhal, and

use the fixed DC power to perform the recovery of the data signal and the clock

signal and to perform the generation of the synthesized clock signal.

15, The system of claim 1, wherein:

the data signal is encoded with the clock signal at the clock frequency using a
zero DO balance clock encoding technique; and

the alectronic circuitry is configured {0 racover the data signal and the clock

signal in accordance with the zero DC balance clock encoding technique.

16.  The system of claim 1, implemented as a headpiece included within a
cochlear implant system, the headpiece configured to be powered exclusively by power
received from a sound processor included within the cochlear implant system such that

no battery is disposed within the headpiece.

17.  The system of claim 1, wherein the electronic circuitry is configured io
wirglessly transmit the AC powear and the forward telemetry data by way of a data-
moduiated AC signal that uses an on-off keying (OOK) modulation technigue or an
amplitude shift keying (ASK) modulation technique o modulate the forward telemetry

data onto the AC power carried al the carrier frequency of the synthesized clock signal.

18. The system of claim 1, wherein the electronic circuitry is further
configured to wirelessly receive backward telemetry data from the implantable
stimulator to which the electronic circuitry wirelessly transmits the AC power and the

forward telemetry data.

19, An application-specific integrated circuit (ASIC) configured to:

receive diract current {DC) power and a self-clocking differential signal
comprising a data signal encoded with a clock signal at a clock frequency;

recover, from the self-clocking differential signal, the data signal and the clock

signal at the clock frequency,;
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generate, based on the recovered clock signal at the clock frequency, a
synthesized clock signal at a carrier frequency; and

using the synthesized clock signal, wirelessly transmit, to an implantable
stimulator implemented within a recipient, alternating current (AC) power based on the

DC power and forward telemetry data based on the recovered data signal.

20, A method comprising:

receiving direct current (DC) power and a self-clocking differential signal
comprising a data signal encoded with a clock signal at a clock frequency;

recovering, from the self-clocking differential signal, the data signal and the clock
signal at the clock frequency,;

generating, based on the recoverad clock signal at the clock frequency, a
synthesized clock signal at a carrier frequency; and

using the synthesized clock signal, wirglessly transmitting, to an implantable
stimulator implanted within a recipient, alternating current (AC) power based on the DC

power and forward telemetry data based on the recovered data signal.
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