EP 2 263 283 B1

(19)

Patent Office

Europdisches
Patentamt
0’ European

Office européen
des brevets (11) EP 2 263 283 B1
(12) EUROPEAN PATENT SPECIFICATION
(45) Date of publication and mention (51) IntCl.:
of the grant of the patent: HO01Q 1/27 (2006.01) HO1Q 1/40 (2006.01)
02.07.2014 Bulletin 2014/27 Ho1Q 5/00 2°°°) A61B 5/00 (200097
AG61N 1/372(2006.01)
(21) Application number: 09717702.6
(86) International application number:
(22) Date of filing: 03.03.2009 PCT/US2009/001354
(87) International publication number:
WO 2009/111012 (11.09.2009 Gazette 2009/37)
(54) LOADED RF ANTENNA FOR IMPLANTABLE DEVICE

EINGEBRACHTE HF-ANTENNE FUR EINE IMPLANTIERBARE EINRICHTUNG
ANTENNE RF CHARGEE POUR UN DISPOSITIF IMPLANTABLE

(84) Designated Contracting States: (72) Inventor: DION, Philip, G.
ATBEBG CHCY CZDE DK EE ES FIFR GB GR Blaine
HRHUIEISITLILT LU LV MC MK MT NL NO PL MN 55449 (US)

PT RO SE SI SKTR
(74) Representative: Golkowsky, Stefan

(30) Priority: 04.03.2008 US 33535 Pfenning, Meinig & Partner GbR
14.08.2008 US 88986 Patent- und Rechtsanwilte
Joachimstaler Strasse 10-12
(43) Date of publication of application: DE-10719 Berlin (DE)

(73)

22.12.2010 Bulletin 2010/51
(56) References cited:

Proprietor: Cardiac Pacemakers, Inc. EP-A- 0 505 673 WO-A1-00/66220

St. Paul, MN 55112-5798 (US) US-A1-2003 117 340 US-A1- 2006 224 206
US-A1- 2007 288 065 US-A1-2007 288 066

Note: Within nine months of the publication of the mention of the grant of the European patent in the European Patent
Bulletin, any person may give notice to the European Patent Office of opposition to that patent, in accordance with the
Implementing Regulations. Notice of opposition shall not be deemed to have been filed until the opposition fee has been

paid. (Art. 99(1) European Patent Convention).

Printed by Jouve, 75001 PARIS (FR)



1 EP 2 263 283 B1 2

Description
CROSS REFERENCE TO RELATED APPLICATIONS

[0001] Benefit of priority is hereby claimed to U.S. Pro-
visional Patent Application Serial Number 61/033,535,
filed on March 4, 2008.

[0002] Benefit of priority is hereby claimed to U.S. Pro-
visional Patent Application Serial Number 61/088,986,
filed on August 14, 2008.

BACKGROUND

[0003] Medical devices can be implanted in a body to
perform tasks including monitoring, detecting, or sensing
physiological information in or otherwise associated with
the body, diagnosing a physiological condition or dis-
ease, treating or providing a therapy for a physiological
condition or disease, or restoring or otherwise altering
the function of an organ or a tissue. Examples of an im-
plantable medical device can include a cardiac rhythm
management device, such as a pacemaker, a cardiac
resynchronization therapy device, a cardioverter or defi-
brillator, a neurological stimulator, a neuromuscular stim-
ulator, or a drug delivery system. In certain examples,
the implantable medical device can include a telemetry
circuit and an antenna, coupled to the telemetry circuit,
the combination of which can be configured to provide
wireless communication between the implantable medi-
cal device and an external device, e.g., to send informa-
tion (such as physiological or other information) from the
implantable medical device to the external device, or to
receive information (e.g., such as programming instruc-
tions) at the implantable medical device from the external
device.

[0004] Magnetic coupling can be used to provide short-
range (e.g., a few centimeters) communication between
an implantable medical device implanted in a body and
an external device, or between an implantable medical
device outside of the body and an external device. How-
ever, magnetic coupling communication largely relies on
near-field radiation, where the field distribution is highly
dependent upon the distance from, and orientation of,
the antenna, which grossly limits the effective range of
wireless communication between the implantable medi-
cal device and the external device.

[0005] As an alternative to magnetic coupling, or in ad-
dition to magnetic coupling, low power radio frequency
(RF) communication, having an extended range over
magnetic coupling, can be used to provide communica-
tion between an implantable medical device and an ex-
ternal device. However, many RF communication chan-
nels, bands, or frequencies are limited by governing bod-
ies or other regulatory agencies, such as the Federal
Communications Commission (FCC) or other regulatory
body. As such, a frequency available for use in one area
may not be available for use in another area.

[0006] Further, a desired antenna length can be de-
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pendent on the specified transmission frequency. For
certain frequencies, the desired antenna length can be
difficult to contain within a medical device.

[0007] US2006/0024206 A1and US 2007/0288065A1
relate to implantable medical devices with telemetry an-
tennas having coiled portions.

OVERVIEW

[0008] The present inventor has recognized, among
other things, a system or method for wirelessly transfer-
ring information electromagnetically at a first specified
operating frequency range and at a second specified op-
erating frequency range using an implantable antenna
as defined in the appended claims.

[0009] The detailed description is included to provide
further information about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] In the drawings, which are not necessarily
drawn to scale, like numerals may describe similar com-
ponents in different views. Like numerals having different
letter suffixes may represent different instances of similar
components. The drawings illustrate generally, by way
of example, but not by way of limitation, various embod-
iments discussed in the present document.

FIG. 1 illustrates generally an example of a system
including an implantable telemetry circuit and an im-
plantable antenna.

FIG. 2 illustrates generally an example a system in-
cluding an implantable telemetry circuit and an im-
plantable telemetry antenna in communication with
one or more external modules.

FIG. 3 illustrates generally an example of a system
including an implantable medical device (IMD) in
communication with at least one of a patient monitor
or a programmer.

FIG. 4 illustrates generally an example of a system
including two or more implantable telemetry circuits
in communication with each other, or in communica-
tion with one or more external modules.

FIG. 5 illustrates generally examples of loaded im-
plantable antenna configurations.

FIG. 6 illustrates generally an example of a loaded
implantable antenna having at least two coiled seg-
ments.

FIGS. 7A-7J illustrate generally examples of a sys-
tem having an IMD housing and various implantable
multi-frequency antenna configurations.

FIG. 8 illustrates generally an example of a relation-
ship between an antennaradiation efficiency and fre-
quency.

FIG. 9 illustrates generally an example of a system
including a telemetry circuit coupled to an implanta-
ble antenna.

FIG. 10 illustrates generally an example of a system
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including a loaded antenna having a longest linear
dimension "d."

FIGS. 11A-B illustrate generally examples of a proc-
ess including wirelessly transferring information us-
ing an implantable antenna.

FIG. 12 illustrates generally an example of a com-
parison between a normalized radiation patternin a
plane of an antenna with a coiled segment versus a
similar radiation pattern of an antenna without a
coiled segment.

DETAILED DESCRIPTION

[0011] The present inventor has recognized, among
other things, an implantable antenna, including a coiled
segment and a non-coiled segment, which can appear
electrically longer than its actual physical length, thereby
allowing the antenna to be physically shorter for a desired
transmission frequency. In an example, the implantable
antenna disclosed herein can allow a physical antenna
length shorter than one quarter of a desired operating
wavelength relative to the desired transmission frequen-
cy. In other examples, the implantable antenna disclosed
herein can be used to match an radio frequency (RF)
output of a transmitter, receiver, or transceiver external
to an implantable medical device (IMD) coupled to or
containing the implantable antenna. Further, the present
inventor has recognized, among other things, an implant-
able antenna, including a coiled segment and a non-
coiled segment, capable of operating in more than one
desired frequency range. In certain examples, reducing
the physical length of the implantable antenna or oper-
ating in more than one desired frequency range can re-
duce an IMD assembly complexity (e.g., size, cost, com-
ponent count, etc.) or provide operating capability in mul-
tiple geographies in compliance with local spectrum uti-
lization rules. In other examples, the operation in more
than one desired frequency range can provide backup
wireless capability if a particular frequency range is un-
available (e.g., due to interference, poor propagation
characteristics, malfunction, high data error rate, etc.).
[0012] FIG. 1 illustrates generally an example of a sys-
tem 100 including an implantable telemetry circuit 115
and an implantable antenna 120. In an example, the sys-
tem 100 can include an implantable assembly housing
110 configured to house at least a portion of an implant-
able telemetry circuit 115. In an example, the housing
110 can be made of a conductive biocompatible material,
such as titanium. In certain examples, the implantable
antenna 120 can be driven by the telemetry circuit 115
via a feed-through 118 through the housing 110. In an
example, the feed-through 118 can prevent the housing
110 from attenuating, shorting out, or otherwise altering
the radiation of electromagnetic energy 150 by the an-
tenna 120.

[0013] Inanexample,theimplantable antenna 120 can
include a coiled segment 122 and a non-coiled segment
123 configured to radiate electromagnetic energy 150 or

10

15

20

25

30

35

40

45

50

55

to receive radiated electromagnetic energy 150 over one
or more specified frequency ranges.

[0014] Inanexample,the implantable antenna 120 can
be configured to radiate electromagnetic energy 150 or
to receive radiated electromagnetic energy 150 when
substantially surrounded by an implant medium 102. In
certain examples, the implant medium 102 can include
a biological medium, such as bodily fluid, skin tissue, fat
tissue, muscle tissue, organ tissue, bone, or other bio-
logical medium. In an example, the implant medium can
include a portion of a human or a portion of an animal
(e.g., an IMD can be used as a monitoring or therapy
delivery device for pets, livestock, etc.)

[0015] FIG.2illustrates generally an example asystem
200 including an implantable telemetry circuit 215 and
an implantable telemetry antenna 220 in communication,
such as in RF wireless communication (e.g., using a first
RF wireless communication link 250A, a second RF wire-
less communication link 250B, etc.), with one or more
external modules, such as a first external module 230A,
a second external module 230B, etc. In an example, the
implantable telemetry circuit 215 and the implantable te-
lemetry antenna 220 can be implanted within a patient
202, e.g., subcutaneously, intramuscularly, intrathoraci-
cally, or otherwise implanted within the patient 202. In an
example, the implantable antenna 220 can be at least
partially surrounded by a dielectric compartment 221
comprising a biocompatible dielectric material (e.g., the
implantable antenna 220 can be inserted into a cavity
withinthe compartment 221, or the compartment 221 can
be formed at least in part by overmolding the antenna
220).

[0016] In an example, the first external module 230A
or the second external module 230B can include an ex-
ternal telemetry circuit, e.g., a first external telemetry cir-
cuit 225A or a second external telemetry circuit 225B,
respectively. In certain examples, the first RF wireless
communication link 250A can be accomplished using a
first range of RF operating frequencies, and the second
RF wireless communication link 250B can be accom-
plished using a second range of RF operating frequen-
cies different than the first range of operating frequen-
cies. In other examples, the first external telemetry circuit
225A or the second external telemetry circuit 225B can
use either a first or second operating range of frequen-
cies, or both, for wireless communication. In certain ex-
amples, the first external telemetry circuit 225A or the
second external telemetry circuit 225B can be electrically
connected to one or more external antennas.

[0017] FIG. 3 illustrates generally an example of a sys-
tem 300 including an implantable medical device (IMD)
310 in communication, such as in RF wireless commu-
nication (e.g., using a first RF wireless communication
link 350A, a second RF wireless communication link
350B, etc.), with at least one of a patient monitor 331 or
a programmer 332.

[0018] In the example of FIG. 3, the IMD 310 can in-
clude an implantable telemetry circuit 315 electrically
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connected to an implantable antenna 320. As similarly
discussed with respect to FIG 2, in some examples, the
first RF wireless communication link 350A or the second
RF wireless communication link 350B can use more than
one RF operating frequency range. In such examples, a
single implantable antenna 320 can be configured to op-
erate at two or more RF wireless operating frequencies
to support the first RF wireless communication link 350A
or the second RF wireless communication link 350B.
[0019] Accordingtothe example of FIG. 3, the implant-
able antenna 320 can be at least partially surrounded by
a connector block 321. In certain examples, the connec-
tor block 321 can be at least partially made of a dielectric
material. In various examples, the connector block 321
can also provide an electrical or mechanical connection
between the IMD 310 and one or more implantable leads,
e.g., a first implantable lead 312A or a second implant-
able lead 312B. In some examples, the first implantable
lead 312A or the second implantable lead 312B can be
routed within a patient body 302 to various sites, e.g., to
provide a physiologic monitoring of an electrical or a me-
chanical signal, or to provide a therapy, such as an elec-
trostimulus therapy, a targeted drug release, or other
therapy. In the example of FIG. 3, the first implantable
lead 312A can be routed to a cardiac tissue site 303 (e.g.,
an endocardial site, an epicardial site, a site within the
myocardium, or other cardiac tissue site) todeliver ather-
apy, such as a cardiac rhythm management therapy, or
the second implantable lead 312B can be routed to a
neural target 304 (e.g., a vagal nerve or other neural tar-
get) to deliver a therapy, such as a neural stimulation
therapy.

[0020] In certain examples, the patient monitor 331,
the programmer 332, or both the patient monitor 331 and
the programmer 332 can be communicatively coupled,
e.g., using a first coupling 351A or a second coupling
351B, with a network 352. In an example, the first cou-
pling 351A or the second coupling 351B can include a
wired coupling or a wireless coupling. In an example,
information can be wirelessly transferred from the IMD
310 to the patient monitor 331 or the programmer 332,
and then transferred from the patient monitor 331 or the
programmer 332 to the network 352 using the first cou-
pling 351A or using the second coupling 351B.

[0021] FIG. 4illustrates generally an example of a sys-
tem 400 including two or more implantable telemetry cir-
cuits, such as a first implantable telemetry circuit 410A,
a second implantable telemetry circuit 410B, etc., in com-
munication, such as in RF wireless communication (e.g.,
using a RF wireless communication link 451), with each
other, or in communication, such as in RF wireless com-
munication (e.g., using afirst RF wireless communication
link 450A, a second RF wireless communication link
450B, etc.), with one or more external modules, such as
a first external module 430A, a second external module
430B, etc.

[0022] In an example, the first implantable telemetry
circuit 410A or the second implantable telemetry circuit
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410B can use the same RF wireless communication
scheme for wirelessly coupling to each other (e.g., using
the RF wireless communication link 451) as can be used
for wirelessly coupling to an external module (e.g., using
the first RF wireless communication link 450A or the sec-
ond RF wireless communication link 450B). In other ex-
amples, the firstimplantable telemetry circuit 410A or the
second implantable telemetry circuit 410B can use a first
RF wireless operating frequency range for wirelessly
coupling to each other (e.g., using the RF wireless com-
munication link 451), and a second RF wireless operating
frequency range for wirelessly coupling to an external
module (e.g., using the first RF wireless communication
link 450A or the second RF wireless communication link
450B). In certain examples, the RF wireless communi-
cation link 451 can include an optical, an acoustic, a mag-
netic, a body conductive, or other communication link.
[0023] In an example, a single first implantable anten-
na 420A or a single second implantable antenna 420B
can be configured to operate at multiple RF wireless com-
munication frequency ranges.

[0024] FIG. 5 illustrates generally examples of loaded
implantable antenna configurations, including a base-
loaded antenna 520A, a mid-loaded antenna 520B, and
an end-loaded antenna 520C. In this example, each load-
ed implantable antenna configuration includes a coiled
segment and a non-coiled segment, the base-loaded an-
tenna 520A includes a coiled segment 522A and a non-
coiled segment 523A, the mid-loaded antenna includes
a coiled segment 522B and a non-coiled segment 523B,
and the end-loaded antenna 520C includes a coiled seg-
ment 522C and a non-coiled segment 523C. In certain
examples, a current profile can be adjusted for each load-
ed implantable antenna configuration, e.g., the base-
loaded antenna 520A, the mid-loaded antenna 520B, or
the end-loaded antenna 520C, using the location of the
coiled segment, e.g., the coiled segment 522A, 522B, or
522C, along the length of the loaded implantable anten-
na. In this example, the base-loaded antenna 520A in-
cludes a current profile 502A, the mid-loaded antenna
520B includes a current profile 502B, and the end-loaded
antenna 520C includes a current profile 502C. In these
examples, the current profile 502A, 502B, or 502C illus-
trates generally a relative magnitude of an RF current
along the loaded implantable antenna having a physical
length "I" 500.

[0025] In certain examples, a physical arrangement of
the non-coiled segment 523A, 523B, or 523C, with re-
spect to the coiled segment 522A, 522B, or 522C, can
alter the input impedance, a radiation efficiency, or a ra-
diation pattern (e.g., the amount of radiation delivered in
a particular direction away from the antenna, the amount
of radiation received by the antenna from a particular
direction, etc.) of the implantable loaded antenna config-
uration, e.g., the base-loaded antenna 520A, the mid-
loaded antenna 520B, or the end-loaded antenna 520C.
[0026] In an example, the base-loaded antenna 520A
can include a coiled segment, e.g., the coiled segment
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522A, placed close in distance to a driving point of the
antenna. In an example, a base-loaded antenna config-
uration canresultin a current profile, e.g., acurrent profile
502A, concentrated along the non-coiled segment 523A.
The current profile 502A illustrates generally the relative
magnitude of an RF current at or near the base-loaded
antenna 520A at a resonant frequency versus a total
length 500 of the base-loaded antenna 520A. In an ex-
ample, the current profile 502A can include a radiation
region 501A. The radiation region 501A illustrates gen-
erally a portion of the base-loaded antenna 520A having
the greatest radiation intensity based on the current pro-
file 502A. In certain examples, the position of a coiled
segment, e.g., the coiled segment 522A, along a loaded
antenna, e.g., the base-loaded antenna 520A, can con-
trol or otherwise alter a radiation pattern of the loaded
antenna.

[0027] In an example, the mid-loaded antenna 520B
can include a coiled segment, e.g., the coiled segment
522B, placed approximately halfway along the length “I"
500 of the mid-loaded antenna 520B. In an example, a
mid-loaded antenna configuration can result in a current
profile, e.g., a current profile 502B, concentrated along
the non-coiled segment 523B. In certain examples, the
current profile 502B along the mid-loaded antenna 520B
can include a radiation region 501B approximately coin-
cident with non-coiled segment 523B and correspond-
ingly shorter than a radiation region of an equivalent
physical length base-loaded antenna configuration,
[0028] In an example, the end-loaded antenna 520C
can include a coiled segment, e.g., the coiled segment
522C, placed farther in distance to the driving point of
the antenna. In an example, an end-loaded antenna con-
figuration can result in a current profile, e.g., a current
profile 502C, concentrated along the non-coiled segment
523C. In certain examples, the current profile 523C along
the end-loaded antenna 520C can include a radiation
region 501C corresponding to the non-coiled segment
523C and correspondingly shorter than a radiation region
of an equivalent physical length mid-loaded antenna con-
figuration.

[0029] In certain examples, one or more of the current
profiles of FIG. 5, e.g., the current profile 523A, 523B, or
523C, can be adjusted using one or more coiled seg-
ments, e.g., the coiled segment 522A, 522B, 522C, etc.,
orone or more configurations, geometries, geometry pat-
ters (such as a number of turns in a coiled segment, a
pitch between the turns, a radius of the turns, a conductor
cross section, etc.), or one or more other parameters. In
an example, the one or more current profiles can be ad-
justed sothata peak current (e.g., a peak radiation) along
the length (e.g., "I" 500) of the loaded implantable anten-
na configuration, e.g., the base-loaded antenna 520A,
the mid-loaded antenna 520B, or the end-loaded antenna
520C, can occur before, or near the middle of, the one
or more coiled segment of the loaded implantable anten-
na.

[0030] In other examples, a loaded implantable anten-
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na, such as the base-loaded antenna 520A, the mid-load-
ed antenna 520B, or the end-loaded antenna 520C, can
be designed, tuned, or otherwise configured to radiate
omni-directionally (e.g., allowing a more uniform antenna
performance or radiation with respect to the antenna ori-
entation) using the geometric parameters of the one or
more coiled segments ofthe loaded implantable antenna,
such as the coiled segment 522A, 522B, or 522C. In an
example, as the one or more geometric parameters of
the one or more coiled segments the loaded implantable
antenna decreases with respect to a wavelength, the
range of directional radiation can increase.

[0031] Insome examples, the one or more coiled seg-
ments of the loaded implantable antenna, such as the
coiled segment 522A, 522B, or 522C, can be configured
to provide an inductive load along the length "I" 500 of
the loaded implantable antenna (e.g., similarto a discrete
inductor placed along the length "I" 500 of the loaded
implantable antenna). In certain examples, additional in-
ductance can allow an antenna, such as the base-loaded
antenna 520A, the mid-loaded antenna 520B,or the end-
loaded antenna 520C, to radiate more efficiently than a
similar, non-loaded, antenna (e.g., having a similar
length). As such, the present inventor has recognized,
among other things, that the addition of one or more
coiled segments, such as the coiled segment 522A,
522B, or 522C, to an implantable antenna can reduce
the physical length, e.g., "" 500, of the antenna needed
for a given radiation efficiency. In certain examples, the
reduced physical length of the antenna can provide a
space savings within an IMD. In certain examples, the
radiation efficiency (e.g., "7") can be defined as the ratio
of radiated electromagnetic energy versus the energy
supplied to an implantable antenna by a connected te-
lemetry circuit.

[0032] In an example, an inductive contribution from
the one or more coiled segments of the loaded implant-
able antenna, such as the coiled segment 522A, 522B,
or 522C, can provide improved radiation efficiency ver-
sus an antenna without the one or more coiled segments.
When one or more coiled segments are included, the
physical length "I" 500 of the antenna configuration can
be less than a quarter of a wavelength at a desired op-
erating frequency

[0033] In an example, the one or more coiled seg-
ments, such as the coiled segment 522A, 522B, or 522C,
can operate in a frequency selective manner (e.g., allow-
ing an RF current to pass with a relatively low impedance
at one range of frequencies versus blocking an RF cur-
rent with a relatively high impedance in another range).
In other examples, the one or more coiled segments can
vary in inductance or capacitance with respect to fre-
quency. In certain examples, a loaded implantable an-
tenna, such as the base-loaded antenna 520A, the mid-
loaded antenna 520B,or the end-loaded antenna 520C,
can be configured with one or more coiled segments,
such as the coiled segment 522A, 522B, or 522C, such
that at a first specified range of operating frequencies,
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the loaded implantable antenna can radiate along one
portion of its length "1" 500, such as region 501A, 501B,
or501C, and that at a second specified range of operating
frequencies, the one or more coiled segment can provide
adifferentimpedance and the loaded implantable anten-
na canradiate along a different portion ofits length "I" 500.
[0034] FIG.G6illustrates generally an example of aload-
ed implantable antenna 620 having at least two coiled
segments, such as a first coiled segment 622A and a
second coiled segment 622B. In an example, the loaded
implantable antenna 620 can be configured to operate
in multiple frequency ranges using the first coiled seg-
ment 622A and the second coiled segment 622B.
[0035] In some examples, the first coiled segment
622A and the second coiled segment 622B can be con-
figured to provide a low impedance at a first specified
operating frequency range to allow an RF current to flow
to a non-coiled segment of the loaded implantable an-
tenna 620, such as a first non-coiled segment 623A or a
second non-coiled segment 623B. In an example, a ra-
diation region, such as a third radiation region 601C or
afourthrradiationregion 601D, can representone or more
portions of the loaded implantable antenna 620 where
the magnitude of an RF current passed through the first
coiled segment 622A or the second coiled segment 622B
can peak. In certain examples, the peak can result in a
higher efficient radiation in the radiation region 601C or
601D.

[0036] In other examples, the first coiled segment
622A, the second coiled segment 622B, or a combination
of both the first coiled segment 622A and the second
coiled segment 622B can be configured to provide a high
impedance at a second specified operating frequency
range. In certain examples, the high impedance at the
second specified operating frequency range can inhibit
an RF current from flowing to a portion of the loaded
implantable antenna 620, such as the second non-coiled
segment 623B. In an example, the inhibiting the RF cur-
rent can result in a radiation region, such as a second
radiation region 601B, where radiation can occur more
efficiently. Similarly, in some examples, the first coiled
segment 622A can be configured to provide a high im-
pedance at a third specified operating frequency range.
In an example, the high impedance at the third specified
operating frequency range can inhibit RF current from
flowing through the first coiled segment 622A, resulting
in more efficient radiation in a region, such as a first ra-
diation region 601A.

[0037] Thus, the loaded implantable antenna 620 can
be configured or tuned to operate (e.g., efficiently oper-
ate) at two or more desired ranges of operating frequen-
cies by varying the physical arrangement (e.g., position,
or geometric parameters) of the first coiled segment 622A
or the second coiled segment 622B. In an example, the
physical arrangement of the first coiled segment 622A or
the second coiled segment 622B can result in the loaded
implantable antenna 620, having a single physical length
"1" 600 appearing electrically to have different electrical
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lengths corresponding to each of the two or more desired
frequency ranges.

[0038] In some examples, the single physical length
"I" 600 can be less than a quarter of a lowest specified
operating wavelength. In certain examples, the lowest
specified operating wavelength can correspond to a high-
est specified operating frequency. In an example, a load-
ed implantable antenna 620 can be configured to have
a highest specified operating frequency of 2.5 GHz, cor-
responding to a wavelength in free space of approximate-
ly 0.1192 meters. One quarter of 0.1192 meters is ap-
proximately 0.0298 meters. Thus, in this example, the
loaded implantable antenna 620 can have a physical
length "I" 600 less than one quarter wavelength in free
space, e.g., here, at 2.5 GHz, less than 0.298 meters
long.

[0039] Generally, a desired length of an antenna
changes roughly inversely proportionately with the rela-
tive dielectric constant of the medium surrounding the
antenna. Thus, as the relative dielectric of a medium in-
creases, the desired antennalength decreases. As such,
in an example, if the loaded implantable antenna 620 is
surrounded by a biological medium having a relative di-
electric constant of 25, the desired length of the loaded
implantable antenna 620 in the biological medium de-
creases by roughly the inverse square root of the relative
dielectric constant, in this example, by 5. Thus, in this
example, the physical length "1" 600 of the implantable
loaded antenna 620 can be less than 0.006 meters long,
and can be suitable for use in a compact IMD.

[0040] FIGS. 7A-7J illustrate generally examples of a
system including an IMD housing (e.g., a first IMD hous-
ing 710A, a second IMD housing 710B, etc.) and various
implantable multi-frequency antenna configurations. In
these examples, each IMD housing can be coupled to
an IMD connector block (e.g., a first IMD connector block
721A, a second IMD connector block 721B, etc.).
[0041] FIG. 7A illustrates generally a base loaded im-
plantable antenna configuration including an IMD hous-
ing 710A, an IMD connector block 721 A, and a base-
loaded implantable antenna 720A, the base-loaded im-
plantable antenna 720A including a coiled segment
722A, a non-coiled segment 723A, and a non-coiled feed
segment 724A. In this example, the coiled segment 722A
of the base-loaded implantable antenna 720A is internal
to the IMD housing 710A. The base-loaded implantable
antenna 720A penetrates the IMD housing 710A at the
non-coiled feed segment 724A, and follows the base por-
tion of the IMD connector block 721A in proximity to the
IMD housing 710A using the non-coiled segment 723A.
In this example, the non-coiled portion 723A is contained
within the IMD connector block 721A. In some examples,
a close proximity between the non-coiled segment 723A
and the IMD housing 710A can enhance an RF coupling
between the non-coiled segment 723A and the IMD
housing 710A. The present inventor has recognized,
among other things, that such coupling can reduce an-
tenna radiation efficiency, but can also improve antenna



11 EP 2 263 283 B1 12

impedance stability when the IMD housing 710A and the
non-coiled segment 723A are surrounded by an implant
media having a widely varying dielectric constant or con-
ductivity (e.g., the dielectric properties of the connector
block 721 A can dominate at the cost of antenna radiation
efficiency).

[0042] FIG. 7B illustrates generally a base-loaded im-
plantable antenna configuration including an IMD hous-
ing 710B, an IMD connector block 721B, and a base-
loaded implantable antenna 720B, the base-loaded im-
plantable antenna 720B including a coiled segment
722B, afirst non-coiled segment 723B, a non-coiled feed
segment 724B, and a second non-coiled segment 726B.
In this example, the non-coiled feed segment 724B pen-
etrates the IMD housing 710B, and is coupled to the
coiled segment 722B along the base portion of the IMD
connector block 721B. In the example in FIG. 7B, the
coiled segment 722B can be connected to the second
non-coiled segment 726B via a sharp elbow. In certain
examples, the second non-coiled segment 726B can fol-
low a contour along a vertical edge of the IMD connector
block 721B, and the second non-coiled segment 726B
can be connected to the first non-coiled segment 723B
along the top edge of the IMD connector block 721B. In
this example, the first non-coiled segment 723B, the sec-
ond non-coiled segment 726B, and the coiled segment
722B can be contained within the IMD connector block
721B.

[0043] In some examples, a close proximity between
the non-coiled segment 723B and the edge of the IMD
connector block 721B can result in enhanced radiation
efficiency. However, the present inventor has recog-
nized, among other things, that a tradeoff can exist
wherein an antenna, e.g., the base-loaded implantable
antenna 720B or other antenna, impedance or radiation
efficiency can become more strongly dependent on var-
iations in an implant medium dielectric constant or an
implant medium conductivity when a portion of the an-
tenna is configured such that a non-coiled segment is
close to the edge of a connector block, e.g., the IMD
connector block 721B.

[0044] FIG. 7C illustrates generally a mid-loaded im-
plantable antenna configuration including an IMD hous-
ing 710C, an IMD connector block 72 1 C, and a mid-
loaded implantable antenna 720C, the mid-loaded im-
plantable antenna including a coiled segment 722C, a
non-coiled segment 723C, and a non-coiled feed seg-
ment 724C. In this example, the non-coiled feed segment
724C penetrates the IMD housing 710C and is coupled
to the coiled segment 722C along a base portion of the
IMD connector block 721C. In the example of FIG. 7C,
the non-coiled segment 723C can be coupled to the
coiled segment 722C along the base portion of the con-
nector block 721C. In an example, the non-coiled seg-
ment 723C and the coiled segment 722C can be con-
tained within the IMD connector block 721C.

[0045] FIG. 7D illustrates generally a base-loaded im-
plantable antenna configuration including an IMD hous-
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ing 710D, an IMD connector block 721D, and a base-
loaded implantable antenna 720D, the base-loaded im-
plantable antenna 720D including a coiled segment
722D, anon-coiled segment 723D, and a non-coiled feed
segment 724D. In this example, the non-coiled feed seg-
ment 724D penetrates the IMD housing 710D and is con-
nected to the coiled segment 722D following a contour
along a vertical edge of the connector block 721D. In
certain examples, the feed non-coiled feed segment
724D can be coupled to a second non-coiled segment
(not shown) before being connected to the coiled seg-
ment 722D. In the example of FIG. 7D, the coiled seg-
ment 722D can be connected to the non-coiled segment
723D configured to run along a top edge of the connector
block 721D. In an example, the non-coiled segment 723D
and the coiled segment 722D can be contained within
the IMD connector block 721D.

[0046] FIG. 7E illustrates generally a mid-loaded im-
plantable antenna configuration including an IMD hous-
ing 710E, an IMD connector block 721E, and a mid-load-
ed implantable antenna 720E, the mid-loaded implanta-
ble antenna 720E including a coiled segment 722E, a
first non-coiled segment 726E, a second non-coiled seg-
ment 723E, and a non-coiled feed segment 724E. In this
example, the non-coiled feed segment 724E penetrates
the IMD housing 710E and is connected to the first non-
coiled segment 726E along a base portion of the con-
nector block 721E. In an example, the first non-coiled
segment 726E can be substantially contained within the
IMD connector block 721E, but can penetrate the IMD
connector block 721D at an end opposite a feed point.
In the example of FIG. 7E, the first non-coiled segment
726E can be connected to the coiled segment 722E. The
coiled segment 722E can be configured to follow an ex-
terior contour of the IMD housing 710E, and further can
be configured to be connected or otherwise coupled to
the second non-coiled segment 723E.

[0047] Incertainexamples, the second non-coiled seg-
ment 723E and the coiled segment 722E can be exposed
directly to a termination medium surrounding the IMD
housing 710E. In an example, this exposure can result
in a significant variation in antenna radiation efficiency
or impedance, depending on the dielectric or conductive
characteristics of the implant medium surrounding the
antenna versus air. However, the present inventor has
recognized, among other things, that such an exposed
configuration can also result in higher radiation efficiency
due to a reduction of a loading effect by the IMD housing
710E. In other examples, the second non-coiled segment
723E and the coiled segment 722E can be surrounded
with a biocompatible dielectric film, such as, Poly-Ether-
Ether-Ketone, Polyimide, or other biocompatible dielec-
tric film or material. In certain examples, selected regions
of the mid-loaded implantable antenna 720E outside of
the IMD connector block 721E can be exposed to tissue.
[0048] In some examples, the second non-coiled seg-
ment 723E can be contained within a separate dielectric
compartment to preserve a specified distance between
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the second non-coiled segment 723E and the IMD hous-
ing 710E. In an example, the dielectric compartment can
be made from the same material as the IMD connector
block 721E, such as a biocompatible polymer material.

[0049] FIG. 7F illustrates generally a base-loaded im-
plantable antenna configuration including an IMD hous-
ing 710F, an IMD connector block 721F, and a base-
loaded implantable antenna 720F, the base loaded im-
plantable antenna 720F including a coiled segment 722F,
a non-coiled segment 723F, and a feed segment 724F.
In an example, the feed segment 724F can include a
coiled or a non-coiled feed segment. In this example, the
feed segment 724F can penetrate the IMD housing 710F
and is connected to the coiled segment 722F contained
within the IMD connector block 721F. In an example, the
coiled segment 722F can be connected to the non-coiled
segment 723F, which can run along a base of the IMD
connector block 721F. In certain examples, the non-
coiled segment 723F can be partially contained within
the connector block 721F, can penetrate the connector
block 721F, or can follow an exterior contour of the hous-
ing 710F.

[0050] FIG. 7G illustrates generally an end-loaded im-
plantable antenna configuration including an IMD hous-
ing 710G, an IMD connector block 721G, and an end-
loaded implantable antenna 720G, the end-loaded im-
plantable antenna 720G including a first non-coiled seg-
ment 726G, a coiled segment 722G, a second non-coiled
segment 723G, and a feed segment 724G. In an exam-
ple, the feed segment 724G penetrates the IMD housing
710G and is coupled to the first non-coiled segment 726G
via a sharp bend at a corner of the IMD connector block
721 G. In the example of FIG. 7G, the first non-coiled
segment 726G follows a contour on a vertical edge of
the IMD connector block 721 G, and can form a sharp
bend at the intersection of a vertical edge of the IMD
connector block 721 G and a top edge of the IMD con-
nector block 721 G. In certain examples, the coiled seg-
ment 722G can be connected to the first non-coiled seg-
ment 726G, and the coiled segment 722G can be con-
nected to the second non-coiled segment 723G along a
top edge of the IMD connector block 721 G.

[0051] FIG. 7H illustrates generally an end-loaded im-
plantable antenna configuration including an IMD hous-
ing 71 OH, an IMD connector block 721H, and an end-
loaded implantable antenna configuration 720H, the end-
loaded implantable antenna configuration 720H includ-
ing a non-coiled segment 723H, a coiled segment 722H,
and a feed segment 724H. In an example, the feed seg-
ment 724H penetrates the IMD housing 710H and is con-
nected to the non-coiled segment 723H, the non-coiled
segment partially contained within the IMD connector
block 721H. In certain examples, the coiled segment
722H can be connected to the non-coiled segment 723H
at afar end of the end-loaded implantable antenna 720H.
[0052] FIG. 7I illustrates generally a mid-loaded im-
plantable antenna configuration including an IMD hous-
ing 7101, an IMD connector block 7211, and a mid-loaded
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implantable antenna 720I, the mid-loaded implantable
antenna 720l including a first non-coiled segment 726,
a coiled segment 7221, a second non-coiled segment
7231, and a feed segment 724l. In an example, the feed
segment 7241 penetrates the IMD housing 710l at a feed
point and is connected to the first non-coiled segment
7261. In an example, the first non-coiled segment 7261
can penetrate the IMD connector block 7211. In certain
examples, the feed segment 724l can be connected to
the coiled segment 7221, the coiled segment 722| located
outside the IMD connector block 7211, and the coiled seg-
ment 722l can be connected to the second non-coiled
segment 723l

[0053] FIG. 7J illustrates generally a mid-loaded im-
plantable antenna configuration including an IMD hous-
ing 710J, an IMD connector block 72 1 J, and a mid-
loaded implantable antenna 720J, the mid-loaded im-
plantable antenna 720J including a first non-coiled seg-
ment 726J, a coiled segment 722J, a second non-coiled
segment 721J, and afeed segment 724J. In an example,
the feed segment 724J can penetrate the IMD housing
710J and can be connected to the first non-coiled seg-
ment 726J running along a lower portion of the IMD con-
nector block 721 J. In the example of FIG. 7J, the coiled
segment 722J can be located along a vertical edge of
the IMD connector block 721 J and can be connected to
the second non-coiled segment 723J located along a top
edge of the IMD connector block 721J. In some exam-
ples, the length of at least one of the feed segment 724J,
the first non-coiled segment 726J, the coiled segment
722J, or the second non-coiled segment 723J can be
approximately equal.

[0054] In the examples of FIGS. 7A-7J, the length of
one or more coiled segments, e.g., the coiled segment
722A, etc., can be equal to or shorter than the length of
one or more non-coiled segments, e.g., the non-coiled
segment 723A, etc.,. In some examples, one or more
feed segments, e.g., the non-coiled feed segment 724A,
etc., can penetrate an IMD housing, e.g., the IMD housing
710A, etc., through a top edge, where an IMD connector
block, e.g., the IMD connector block 721 A, etc., is me-
chanically or electrically coupled to the IMD housing. In
some examples, the one or more feed segments can
penetrate the IMD housing through a side of the IMD
housing.

[0055] FIG. 8 illustrates generally an example of a re-
lationship 800 between an antenna radiation efficiency
810 and frequency 820. On a vertical axis 805, the an-
tenna radiation efficiency 810, ("#"), can be plotted ver-
sus frequency 820. In an example, the antenna radiation
efficiency 810 can be provided for a multi-frequency an-
tenna having two or more regions above specified mini-
mum radiation efficiency 815, ("n,n")- In this example,
a first operable range of frequencies can be specified by
defining a first lower frequency limit 802A, f, , and a first
upper frequency limit 804B, f,4, at which an antenna ra-
diation efficiency 810 is greater than or equal to a spec-
ified minimum radiation efficiency 815. A first mid-band
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frequency 803A, f;. can be defined approximately where
a first radiation efficiency peak 801A can occur.

[0056] Similarly, in the example of FIG. 8, a second
operable range of frequencies can be specified by defin-
ing a second lower frequency limit 802B, f,,, and a sec-
ond upper frequency limit 804B, f,, at which an antenna
radiation efficiency 810 is greater than or equal to a spec-
ified minimum radiation efficiency 815. A second mid-
band frequency 803B, f,, can be defined approximately
where a first radiation efficiency peak 801B can occur.
[0057] In some examples, a first radiation efficiency
peak 801A or a second radiation efficiency peak 801B
can occur when the multi-frequency antenna is operated
at or near a resonant frequency.

[0058] In an example, a multi-frequency antenna can
be configured to operate over a first frequency range of
approximately f;; = 375 MHz. and f;;; = 425 MHz, and a
first mid-band frequency 803A of approximately f; = 400
MHz. In this example, the multi-frequency antenna can
be configured to operate over a second frequency range
of approximately f,; = 850 MHz. and f,; =900 MHz, and
a second mid-band frequency 803B of approximately f,
= 875 MHz.

[0059] In other examples, a multi-frequency antenna
can be configured to operate over a first frequency range
of approximately f;; = 900 MHz. and f;, = 950 MHz., and
a first mid-band frequency 803A of approximately f; =
925 MHz. In this example, the multi-frequency antenna
can be configured to operate over a second frequency
range of approximately f,; =2.4 GHz. and f,;=2.5 GHz,,
and a second mid-band frequency 803A of approximately
f,=2.45 GHz.

[0060] In certain examples, a multi-frequency antenna
can be configured to operate in at least two of:

(1) a Short Range Device (SRD) band range (e.g.,
862-870 MHz.);

(2) a first Industrial-Scientific-Medical (ISM) band
range (e.g., 902-928 MHz.);

(3) asecond Industrial-Scientific-Medical (ISM) band
range (e.g., 2.4-2.5 GHz.);

(4) a Medical Implant Communications Service
(MICS) band range (e.g., 402-405 MHz.); or

(5) one or more other frequency band ranges con-
figured for communication between an IMD and one
or more other implantable or external devices.

[0061] FIG. 9illustrates generally an example of a sys-
tem 900 including a telemetry circuit 915 coupled to an
antenna 901. In certain examples, the telemetry circuit
915 can be partially or completely enclosed in a housing
910, such as an IMD housing.

[0062] In some examples, the housing 910 can be
made of a conductive material, and the telemetry circuit
915 can be electrically connected using a second elec-
trical connection 940B to the housing (e.g., an antenna
RF current return path to a telemetry transceiver 917 can
be provided using a first electrical connection 940Aor the

10

15

20

25

30

35

40

45

50

55

second electrical connection 940B).

[0063] In the example shown in FIG. 9, a second RF
input/output line 920B for the telemetry circuit 915 can
be electrically connected to a feed-through 918. The
feed-through 918 can penetrate the housing 910 to drive
a first non-coiled segment 924. In the example shown in
FIG. 9, a first coiled segment 922 can be connected to
the first non-coiled segment 924, and the first coiled seg-
ment 922 can be connected to a second non-coiled seg-
ment 923 to form, for example, a mid-loaded implantable
antenna.

[0064] In an example, when the first coiled segment
922 is omitted from the antenna shown in FIG. 9, and a
similar length non-coiled segment is substituted, the an-
tenna can provide a capacitive load to the telemetry cir-
cuit 915 at the second RF input/output line 920B looking
into the antenna 901 through the feed-through 918. In
some examples, an impedance matching element 916
can be included to compensate for an excess inductance
or capacitance of the antenna 901. In the example of the
omitted first coiled segment 922, the impedance match-
ing element 916 can include a discrete inductor. In the
example of FIG. 9, the first coiled segment 922 can re-
duce the value of or eliminate the need for an impedance
matching element 916 within the telemetry circuit 915.
[0065] Insome examples, power transfer to the anten-
na 901 at a given frequency can be enhanced by provid-
ing a conjugate impedance match between a first RF
input/output line 920A and the antenna 901. In an exam-
ple, the antenna 901 can have a real portion of an input
impedance looking into the antenna through the feed-
through 918 of 50 Ohms. In this example, when the first
coiled segment 922 is omitted from the antenna and a
similar length non-coiled segment is substituted, the an-
tenna can have an imaginary portion of an impedance of
approximately -20 Ohms (e.g., the antenna can present
a capacitive load to the telemetry circuit 915).

[0066] In an example, to achieve a conjugate imped-
ance match, neglecting the phase contribution of the first
RF input/outputline 920A and the second RF input/output
line 920B, the impedance matching element 916 can be
used to provide an inductive contribution to the output
impedance of a telemetry transceiver 917 of approxi-
mately +j20 Ohms to approximately cancel out the ca-
pacitance of the antenna 901.

[0067] Inanotherexample, the firstcoiled segment 922
can be included in the antenna 901 (e.g., to provide in-
ductive loading, as shown in FIG. 9), and can compen-
sate for the antenna capacitance to provide an approxi-
mately real input impedance (e.g., without an imaginary
component) looking into the antenna at the feed-through
918. In this example, the impedance matching element
916 can be omitted, or can be replaced with a purely
resistive matching element 916 (e.g., a substantially re-
sistive mismatch can exist between the antenna 901 and
the output impedance of the telemetry transceiver 917).
[0068] In one example, when the antenna is operated
at multiple frequencies, a matching element 916 can be
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used to provide an enhanced conjugate match at a first
operating frequency range, and the impedance matching
contribution from the first coiled segment 922 can be min-
imal in the first operating frequency range. Similarly, in
an example, an impedance matching contribution from
the matching element 916 can be minimal in a second
operating frequency range, and the impedance matching
contribution can from the first coiled segment 922 can be
used to provide an enhanced conjugate match (e.g., if
the matching element 916 is operated at its unity-power
factor self-resonant frequency, it can appear as a resis-
tive element rather than as a capacitive or an inductive
component).

[0069] In an example, when the antenna is operated
at multiple frequencies, the matching element 916 can
be controllably switched out of the transmit and receive
path between the first RF input/output line 920A and the
second RF input/output line 920B. In certain examples,
one or more values can be selected for the matching
element 916 in order to provide an approximate conju-
gate match at more than one specified range of operating
frequencies.

[0070] FIG. 10 illustrates generally an example of a
system 1000 including an antenna 1001 (e.g., a loaded
multi-frequency antenna) having a longest linear dimen-
sion "d" 1026. In an example, the longest linear dimen-
sion 1026 can be determined by first identifying a base
location 1020A and a distal location 1020B, the distal
location 1020B including a location along the length of
the antenna 1001 farthest away from the base location
1020A, and then, measuring the distance between the
base location 1020A, here, at the antenna feed 1018,
and the distal location 1020B.

[0071] In an example (similar to the example of FIG.
7J), ahousing 1010 can be penetrated at a feed-through,
e.g.,theantennafeed 1018, by afirst non-coiled segment
1024 running along a base of a connector block 1021. A
first coiled segment 1022 can be connected to the first
non-coiled segment 1024, and connected to a second
non-coiled segment 1023 located along the top of the
connector block 1021.

[0072] In this example, the antenna 1001 can use the
volume inside the connector block 1021 more efficiently
because the space occupied by a first lead connection
1030A and a second lead connection 1030B are not in-
terfered with by the antenna 1001. In an example, an
IMD can require a certain connector block 1021 volume
to accommodate the first or second lead connections
1030A, 1030B, but can be expanded slightly above the
firstlead connection 1030A in order to accommodate the
second non-coiled segment 1023 along the top edge of
the connector block 1021.

[0073] In certain examples, expanding the size of the
connector block 1021 can reduce or eliminate the need
for a separate dielectric housing for a portion of the an-
tenna. Insome examples, the orientation of the first coiled
segment 1022 can be vertical, horizontal, diagonal, or
following a curved path to avoid interconnections be-
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tween the first and second lead connections 1030A,
1030B, or other circuitry contained within the housing
1010. | an example, the orientation, geometry, or other
parameter of the first coiled segment 1022, the first non-
coiled segment 1024, or the second non-coiled segment
1023 can be specified to achieve a desired antenna im-
pedance or heightened radiation efficiency over one or
more ranges of operating frequencies, similar to the dis-
cussion in FIGS. 5 or 7A-J.

[0074] In some examples, similar to those discussed
in FIGS. 5, 6, 7, 9, or 10, the first coiled segment 1022,
or other coiled segments, can be formed or made from
a wire wound and formed to achieve a desired antenna
shape, from a ribbon-shaped conductor, or from one or
more other conductors.

[0075] In other examples, similar to those discussed
inFIGS. 5,6, 7,9 or 10, the antenna 1001 can be formed
or made from a wire wound and formed to achieve a
desired antenna shape, from a ribbon-shaped conductor
(e.g., a rectangular or other cross section, etc.), or from
one or more other conductors. In some examples, the
implantable antenna can be realized on a planar structure
(e.g., a printed circuit board, or an IMD housing).
[0076] Incertain examples, the conductor used for one
or more segment of the antenna 1001 can include plati-
num, iridium, gold, silver, copper, tin, aluminum, steel, a
combination of metals, or one or more other conductors.
In an example, if one or more portions of the antenna
1001 or an implantable telemetry circuit are n contact
with tissue, a biocompatible conductive material can be
used, such as an alloy of platinum and iridium, etc.
[0077] In some examples, loading or multi-frequency
operation can be achieved by inserting one or more coiled
segments in-line with one or more other antenna type
(e.g., a helical antenna, a spiral antenna, a fractal anten-
na, a serpentine antenna, an inverted-F antenna, a patch
antenna, or other antenna type). In some examples, a
coiled segment can be realized on a planar structure,
such as a printed circuit board, and can occupy one or
more metal layers separated by one or more dielectric
slabs.

[0078] FIG. 11A illustrates generally an example of a
process 1100 including wirelessly transferring informa-
tion using an implantable antenna. At 1105, information
canbe wirelessly electromagnetically transferred ata first
specified operating frequency range and a second spec-
ified operating frequency range using an implantable an-
tenna. In an example, the implantable antenna can in-
clude any antenna sized and shaped or otherwise con-
figured to be implanted in a human or animal body, such
as an implantable antenna 120 or other implantable an-
tenna.

[0079] In an example, the first specified operating fre-
quency range and the second specified operating fre-
quency range can be provided at least in part by a phys-
ical orientation of the implantable antenna. In certain ex-
amples, the implantable antenna can include a first non-
coiled segmentand afirst coiled segment. Inan example,
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the first non-coiled segment can be attached or otherwise
coupled to the first coiled segment. In an example, the
first specified operating frequency range and the second
specified operating frequency range can be provided at
leastin part by the physical arrangement of the first coiled
segment with respect to the first non-coiled segment.
[0080] Inother examples, the implantable antenna can
include one or more other coiled or non-coiled sections,
such as a second coiled section, a second non-coiled
section, etc. Accordingly, the first specified operating fre-
quency range and the second specified operating fre-
quency range can be provided atleast in part by the phys-
ical arrangement of at least one of the first coiled seg-
ment, the first non-coiled segment, the second coiled
segment, the second non-coiled segment, or one or more
other coiled or non-coiled segments.

[0081] FIG.11B illustrates generally an example of a
process 1101 including driving an implantable antenna
using an implantable telemetry circuit and wirelessly
transferring information electromagnetically using at
least one of a first or second specified operating frequen-
cy range.

[0082] At 1110, an implantable antenna can be driven
using an implantable telemetry circuit. In an example, the
implantable telemetry circuit can include any telemetry
circuit sized and shaped or otherwise configured to be
implanted in a human or animal body, such as an im-
plantable telemetry circuit 115 or other implantable te-
lemetry circuit.

[0083] Inanexample, the implantable telemetry circuit
can be contained within an implantable conductive or
non-conductive housing, such as an implantable assem-
bly or other housing sized and shaped or otherwise con-
figured to be implantable in a human or animal body. In
certain examples, the implantable antenna can be locat-
ed outside of the implantable housing.

[0084] At 1115, information can be wirelessly electro-
magnetically transferred between the implantable anten-
na and an external telemetry module antenna using at
least one of a first specified operating frequency range
or a second specified operating frequency range.
[0085] FIG. 12 illustrates generally an example of a
comparison 1200 between a normalized first radiation
pattern 1210 in a plane of an antenna with a coiled seg-
ment versus a similar second radiation pattern 1220 of
an antenna without a coiled segment. In an example, the
plane can be defined by two perpendicular axes, a first
axis 1201A and a second axis 1201B. In this example,
an outermost ring 1205A can represent a 0dB value cor-
responding to a radiation maximum of an antenna (e.g.,
a location on the plot showing 0dB corresponds to a di-
rection where the highest antenna radiation occurs). A
firstinner ring 1205B and a second inner ring 1205C can
represent, for example, -10dB and -20dB relative power
levels, respectively.

[0086] Inanexample, anIMD including an implantable
antenna can exhibit a cardioid-shaped radiation pattern,
such as the first radiation pattern 1210 or the second
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radiation pattern 1220, in a plane normal to a long axis
of the implantable antenna. As the antenna follows a con-
tour of a conductive IMD housing, a shadow region of
reduced radiated power can occur (e.g., the dimple or
"null" area shown in the first radiation pattern 1210 or the
second radiation pattern 1220). As an antenna is physi-
cally arranged further away from a conductive IMD hous-
ing, the housing can cause less of a shadow effect.
[0087] Incertain examples, omni-directional operation
can be desired to improve the reliability of RF wireless
communication with an IMD (e.g., to prevent communi-
cation drop-outs due to device orientation, dead spots,
etc.). Omni-directionality can be characterized using an
antenna directivity parameter. Directivity, D, can be de-
fined as the ratio of the peak radiated power in the direc-
tion of maximum radiation over the average radiated
power over all directions. In certain examples, the omni-
directional antenna can exhibit 0dB directivity (e.g., a
one-to-one ratio between the peak radiated power and
the average radiated power).

[0088] Inanexample, the average power correspond-
ing to the second radiation pattern 1220 can be less than
the average power corresponding to the first radiation
pattern 1210 (since the area occupied by pattern 1210
encompasses the area occupied by pattern 1220).
Therefore, in this example, the directivity corresponding
to the second radiation pattern 1220 can be greater than
the directivity corresponding to the first radiation pattern
1210. As such, the antenna having the coil segment can
exhibit a more omni-directional pattern, such as the sec-
ond radiation pattern 1220, or generally, a more uniform
radiation in all directions.

[0089] In certain examples, more than one physical
mechanism can decrease the directivity of an antenna
having a coiled segment, and improve the uniformity of
the associated radiation pattern. For example, the coil
segment itself can contribute to radiation, and the major-
ity of a coil winding can be in a plane perpendicular (e.g.,
normal) to a long axis of the antenna. This radiation can
be called "non-boresight" radiation. In an example, non-
boresight radiation can result when one or more geom-
etry patterns of the coil segment, such as coil pitch, turn
radius conductor cross section, etc., are smaller than a
wavelength (e.g., much smaller than the wavelength).
[0090] In an example, the coil segment can also allow
or enable a non-coiled segment of an antenna to radiate
more efficiently, and as shown in FIG. 10, multiple non-
coiled segments can radiate together from different lo-
cations within, for example, a connector block on an IMD
(e.g., more of the physical length of the antenna can be
used to radiate energy in multiple axes, and at multiple
locations).

[0091] Insomeexamples,animplantable telemetry cir-
cuit can be configured as a transmitter, or a receiver, or
both. Generally, the principles described in connection
with bi-directional wireless information transfer between
an implantable antenna and another wireless device can
also apply to unidirectional wireless information transfer.
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According to a physical principal of reciprocity, antenna
behavior can be generally reciprocal (e.g., an antenna
physically arranged as a transmitting antenna can also
actas areceiving antenna having similar characteristics).

Other Examples

[0092] In an example, similar to the examples of FIG.
7, a feed line near an IMD housing can bring an RF con-
nection to the back of a header, the header coupled to
the IMD housing. In this example, the feed line, because
it is near the IMD housing, can act as a micro-strip. In an
example, a first segment can rise near vertically. In this
example, the first segment can be placed in one axis
(e.g., the zaxis) covering, forexample, a horizontal plane
of radiation. In an example, the first segment, at the top
of the header, can be coupled to a coiled segment. In
certain examples, this location can represent or be se-
lected as a location in the header having free or unoccu-
pied space. In a mid-loaded design, a second segment
can be coupled to the coiled segment, and can run across
the top of the header in a second axis that is nearing
perpendicular to the first. In an example, this location can
yield the longest straight length for the segment. In an
example, the second segment can be placed in one axis
(e.g., the x axis) covering, for example, a vertical plane
of radiation. In this example, the header can be enlarged
slightly to house the new antenna, but, in certain exam-
ples, no other extra antenna structure can be needed in,
on, oroutside of the device (e.g., outside of the IMD hous-
ing, outside of the header, etc.).

Additional Notes

[0093] The above detailed description includes refer-
ences to the accompanying drawings, which form a part
of the detailed description. The drawings show, by way
of illustration, specific embodiments in which the inven-
tion can be practiced. These embodiments are also re-
ferred to herein as "examples." Such examples can in-
clude elementsin addition to those shown and described.
However, the present inventor also contemplates exam-
ples in which only those elements shown and described
are provided.

[0094] Inthis document, the terms "a" or "an" are used,
as is common in patent documents, to include one or
more than one, independent of any other instances or
usages of "at least one" or "one or more." In this docu-
ment, the term "or" is used to refer to a nonexclusive or,
such that "A or B" includes "A but not B," "B but not A,"
and"A and B," unless otherwise indicated. In the append-
ed claims, the terms "including" and "in which" are used
as the plain-English equivalents of the respective terms
"comprising" and "wherein." Also, in the following claims,
the terms "including" and "comprising" are open-ended,
that is, a system, device, article, or process that includes
elements in addition to those listed after such a term in
a claim are still deemed to fall within the scope of that
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claim. Moreover, in the following claims, the terms "first,"
"second," and "third," etc. are used merely as labels, and
are not intended to impose numerical requirements on
their obj ects.

[0095] The above description is intended to be, and
not restrictive. For example, the above-described exam-
ples (or one or more aspects thereof) may be used in
combination with each other. Other embodiments can be
used, such as by one of ordinary skill in the art upon
reviewing the above description. The Abstractis provided
to comply with 37 C.F.R. § 1.72(b), to allow the reader
to quickly ascertain the nature of the technical disclosure.
It is submitted with the understanding that it will not be
used to interpret or limit the scope or meaning of the
claims. Also, in the above Detailed Description, various
features may be grouped together to streamline the dis-
closure. This should not be interpreted as intending that
an unclaimed disclosed feature is essential to any claim.
Rather, inventive subject matter may lie in less than all
features of a particular disclosed embodiment. Thus, the
following claims are hereby incorporated into the Detailed
Description, with each claim standing on its own as a
separate embodiment. The scope of the invention should
be determined with reference to the appended claims,
along with the full scope of equivalents to which such
claims are entitled.

Claims
1. A system comprising:

an implantable telemetry circuit;

an implantable antenna (720E) electrically con-
nected to the implantable telemetry circuit, the
implantable antenna (720E) comprising:

a first non-coil segment (726E), and

a first coil segment (722E) attached to the
first non-coil segment (726E); and a second
non-coil segment (723E) attached to the
first coil segment (722E);

an implantable housing (710E) sized and
shaped for implant within a human or animal
body, the implantable housing (710E) compris-
ing a conductive material and containing at least
a portion of the implantable telemetry circuit,
wherein the conductive material is electrically
connected to the implantable telemetry circuit;
a first implantable dielectric compartment
(721E) sized and shaped for implant within a
human or animal body, the first implantable di-
electric compartment (721E) containing at least
a portion of the first non-coil segment (726E) of
the implantable antenna, and wherein the first
implantable dielectric compartment (721E) is
coupled to the housing (710E); and
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a second implantable dielectric compartment
sized and shaped for implant within a human or
animal body, the second implantable dielectric
compartment containing the second non-coil
segment (723E) of the implantable antenna to
preserve a specified distance between the sec-
ond non-coil segment (723E) and the

housing (710E); and wherein the first coil seg-
ment (722E) is configured to follow an exterior
contour of the implantable housing (710E) and
is placed outside the first implantable dielectric
compartment (721E), characterized in that
the implantable antenna is configured to wire-
lessly transfer information electromagnetically
using a first specified operating frequency range
and a different second specified operating fre-
quency range, wherein the first specified fre-
quency range is established by a first resonant
frequency and the different second specified op-
erating frequency is established by a different
second resonant frequency, and wherein the
first specified operating frequency range and the
second specified operating frequency range are
specified at least in part by a physical arrange-
ment of the first coil segment (722E) with respect
to the first non-coil segment (726E).

The system of claim 1, wherein

the first and second specified operating frequency
ranges are specified at least in part by a physical
arrangement of the second non-coil segment with
respect to the first coil segment, and with respect to
the first non-coil segment.

The system of claim 2, wherein the implantable an-
tenna comprises a second coil segment attached to
the second non-coil segment, wherein the second
non-coil segmentis located between the second coil
segment and the first coil segment; and

wherein the first specified operating frequency range
and the second specified operating frequency range
are specified at least in part by a physical arrange-
ment of the second coil segment with respect to the
first coil segment, the first non-coil segment, and the
second non-coil segment.

The system of any of claims 1 through 3, wherein
the first and second specified operating frequency
ranges are selected from a list including at least one
of:

(1) a Medical Implant Communications Service
(MICS) band range extending from approxi-
mately 402 MHz. to approximately 405 MHz.;
(2) a Short Range Device (SRD) band range ex-
tending from approximately 862 MHz. to approx-
imately 870 MHz_;

(3) a first Industrial-Scientific-Medical (ISM)
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band range extending from approximately 902
MHz. to approximately 928 MHz.; or

(4) a second ISM band range extending from
approximately 2400 MHz, to approximately
2500 MHz.

The system of any of claims 1 through 4, wherein
the physical arrangement of the first coil segment
with respect to the first non-coil segment is config-
ured such that the implantable antennain a biological
medium approximates a conjugate match to an out-
put impedance of the implantable telemetry circuit
for at least one of the first and second operating fre-
quency ranges.

The system of any of claims 1 through 5, wherein
the implantable telemetry circuit includes an imped-
ance matching element, connected to the implanta-
ble antenna, and wherein the first coil segment is
configured to inductively load the implantable telem-
etry circuit without requiring the matching element
to include a discrete inductor.

The system of any of claims 1 through 6, comprising:
an external telemetry module comprising:

an external antenna; and

an external telemetry circuit electrically con-
nected to the external antenna;

wherein the implantable antenna and the
external antenna are wirelessly coupled;
and

wherein the external antenna is configured
to wirelessly transfer information electro-
magnetically between the implantable med-
ical assembly and the external telemetry
module using at least one of the first or sec-
ond specified operating frequency ranges.

The system of any of claims 1 through 7, wherein a
longest linear dimension of the first coil segment is
shorter than or equal to a longest linear dimension
of the first non-coil segment.

A method, comprising:

providing an implantable housing sized and
shaped for implant within a human or animal
body, the implantable housing comprising a con-
ductive material and containing atleast a portion
of an implantable telemetry circuit, where-in the
conductive material is electrically connected to
the implantable telemetry circuit;

providing a first implantable dielectric compart-
ment sized and shaped for implant within a hu-
man or animal body, wherein the first implanta-
ble dielectric compartment is coupled to the
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housing;

providing a second implantable dielectric com-
partment sized and shaped for implant within a
human or animal body, wherein the second im-
plantable dielectric compartment is coupled to
the housing;

wirelessly transferring information electromag-
netically at a first specified operating frequency
range and at a different second specified oper-
ating frequency range using an implantable te-
lemetry circuit included in an implantable hous-
ing, the implantable telemetry circuit coupled to
an implantable antenna, the implantable anten-
na contained within an implantable dielectric
compartment sized and shaped for implant with-
in a human or animal body and coupled to the
implantable housing, the implantable antenna
comprising:

a first non-coil segment;

afirst coil segment attached to the first non-
coiled segment; and a second non-coil seg-
ment attached to the first coil segment;

wherein the first specified operating frequency
range and the second specified operating fre-
quency range are specified at least in part by a
physical arrangement of the first coil segment
with respect to the first non-coil segment,
wherein the first specified frequency range is es-
tablished by a first resonant frequency and the
different second specified operating frequency
is established by a different second resonant fre-
quency,

wherein the first implantable dielectric compart-
ment contains at least a portion of the first non-
coil segment of the implantable antenna, and
wherein the second implantable dielectric com-
partment contains the second non-coil segment
of the implantable antenna to preserve a spec-
ified distance between the second non-coil seg-
ment and the housing; and

wherein the first coil is configured to follow an
exterior contour of the implantable housing and
is placed outside the first implantable dielectric
housing.

10. The method of claim 9, wherein the wirelessly trans-

ferring information electromagnetically using the im-
plantable antenna includes using the second non-
coil segment, and wherein the first specified operat-
ing frequency range and the second specified oper-
ating frequency range are specified at least in part
by a physical arrangement of the second non-coil
segment with respect to the first coil segment and
the first non-coil segment.

11. The method of claim 10, wherein the implantable an-
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tenna comprises a second coil segment attached to
the second non-coil segment, wherein the second
non-coil segment is located between the second coil
segmentand the first coil segment, wherein the wire-
lessly transferring information electromagnetically
using the implantable antenna includes using the
second coil segment, and wherein the first specified
operating frequency range and the second specified
operating frequency range are specified at least in
part by a physical arrangement of the second coil
segment with respect to the first coil segment, the
first non-coil segment, and the second non-coil seg-
ment.

The method of any of claims 9 through 11, wherein
the wirelessly transferring information electromag-
netically includes using the first specified operating
frequency range having a first mid-band frequency
and the second specified operating frequency range
having a second mid-band frequency, and wherein
the first mid-band frequency is offset from the second
mid-band frequency by at least an octave.

The method of any of claims 9 through 12, compris-
ing substantially matching a conjugate impedance
of the implantable antenna in a biological medium
using the implantable telemetry circuit.

The method of claim 13, wherein the substantially
matching includes inductively loading the implanta-
ble telemetry circuit using the coil segment.

The method of any of claims 9 through 14, compris-
ing:

driving the implantable antenna using the im-
plantable telemetry circuit; and

wherein the wirelessly transferring information
electromagnetically includes wirelessly trans-
ferring information electromagnetically between
the implantable antenna and an external telem-
etry module antenna using at least one of the
first specified operating frequency range or the
second specified operating frequency range.

Patentanspriiche

1.

System, welches aufweist:

eine implantierbare Telemetrieschaltung;

eine implantierbare Antenne (720E), die elek-
trisch mit der implantierbaren Telemetrieschal-
tung verbunden ist, welche implantierbare An-
tenne (720E) aufweist:

ein erstes Nichtspulensegment (726E); und
ein erstes Spulensegment (722E), das an
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dem ersten Nichtspulensegment (726E)
angebracht ist; und ein zweites Nichtspu-
lensegment (723E), das an dem ersten
Spulensegment (722E) angebracht ist;

ein implantierbares Gehause (710E), das fir ei-
ne Implantierung innerhalb eines menschlichen
oder tierischen Kérpers bemessen und geformt
ist, welches implantierbare Gehduse (710E) ein
leitendes Material aufweist und zumindest einen
Teil der implantierbaren Telemetrieschaltung
enthéalt, wobei das leitende Material elektrisch
mit der implantierbaren Telemetrieschaltung
verbunden ist;

ein erstes implantierbares dielektrisches Fach
(721E), das zum Implantieren innerhalb eines
menschlichen oder tierischen Korpers bemes-
sen und geformt ist, welches erste implantier-
bare dielektrische Fach (721E) zumindest einen
Teil des ersten Nichtspulensegments (726E)
der implantierbaren Antenne enthalt und wobei
das erste implantierbare dielektrische Fach
(721E) mit dem Gehause (710E) gekoppelt ist,
und

einzweites implantierbares dielektrisches Fach,
das zum Implantieren innerhalb eines mensch-
lichen oder tierischen Koérpers bemessen und
geformt ist, wobei das zweite implantierbare di-
elektrische Fach das zweite Nichtspulenseg-
ment (723E) der implantierbaren Antenne ent-
halt, um einen bestimmten Abstand zwischen
dem zweiten Nichtspulensegment (723E) und
dem Gehause (710E) zu bewahren, und wobei
das erste Spulensegment (722E) ausgebildet
ist, einer duleren Kontur des implantierbaren
Gehauses (710E) zu folgen, und auRerhalb des
ersten implantierbaren dielektrischen Fachs
(721E) angeordnet ist, dadurch gekennzeich-
net, dass

die implantierbare Antenne ausgestaltet ist zur
elektromagnetischen Funkiibertragung von In-
formationen unter Verwendung eines ersten be-
stimmten Arbeitsfrequenzbereichs und eines
verschiedenen zweiten bestimmten Arbeitsfre-
quenzbereichs, wobei der erste bestimmte Fre-
quenzbereich durch eine erste Resonanzfre-
quenz errichtet ist und der verschiedene zweite
bestimmte Arbeitsfrequenzbereich durch eine
verschiedene zweite Resonanzfrequenz errich-
tet ist, und wobei der erste bestimmte Arbeits-
frequenzbereich und der zweite bestimmte Ar-
beitsfrequenzbereich zumindest teilweise durch
eine korperliche Anordnung des ersten Spulen-
segments (722E) mit Bezug auf das erste
Nichtspulensegment (726E) bestimmt ist.

2. System nach Anspruch 1, bei dem:
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der erste und der zweite bestimmte Arbeitsfre-
quenzbereich zumindest teilweise durch eine
korperliche Anordnung des zweiten Nichtspu-
lensegments mit Bezug auf das erste Spulen-
segment und mit Bezug auf das erste Nichtspu-
lensegment bestimmt sind.

System nach Anspruch 2, bei dem die implantierbare
Antenne ein zweites Spulensegment aufweist, das
an dem zweiten Nichtspulensegment angebrachtist,
wobei sich das zweite Nichtspulensegment zwi-
schen dem zweiten Spulensegment und dem ersten
Nichtspulensegment befindet; und

bei dem der erste bestimmte Arbeitsfrequenzbereich
und der zweite bestimmte Arbeitsfrequenzbereich
zumindest teilweise durch eine korperliche Anord-
nung des zweiten Spulensegments mit Bezug auf
das erste Spulensegment, das erste Nichtspulen-
segment und das zweite Nichtspulensegment be-
stimmt sind.

System nach einem der Anspriiche 1 bis 3, bei dem
dererste und der zweite bestimmte Arbeitsfrequenz-
bereich aus einer Liste ausgewahlt sind, die zumin-
dest einen enthélt von:

(1) einem Bandbereich eines medizinischen
Implantationskommunikationsservice (MICS),
der sich von angenahert 402 MHz bis angena-
hert 405 MHz erstreckt;

(2) einem  Kurzbereichvorrichtungs(SRD)-
Bandbereich, der sich von angenahert 862 MHz
bis angendhert 870 MHz erstreckt;

(3) einem ersten Industrie-Wissenschaft-Medi-
zin (ISM)-Bandbereich, der sich von angenahert
902 MHz bis angenahert 928 MHz erstreckt;
oder

(4) einem zweiten ISM-Bandbereich, der sich
von angendhert 2400 MHz bis angendhert 2500
MHz erstreckt.

System nach einem der Anspriiche 1 bis 4, bei dem
die korperliche Anordnung des ersten Spulenseg-
ments mit Bezug auf das erste Nichtspulensegment
so ausgestaltet ist, dass die implantierbare Antenne
in einem biologischen Medium einer konjugierten
Anpassung an eine Ausgangsimpedanz der implan-
tierbaren Telemetrieschaltung fiir zumindest von
dem ersten und dem zweiten Arbeitsfrequenzbe-
reich angendhert ist.

System nach einem der Anspriiche 1 bis 5, bei dem
die implantierbare Telemetrieschaltung ein Impe-
danzanpassungselement enthélt, das mit der imp-
lantierbaren Antenne verbundenist, und beidemdas
erste Spulensegment ausgestaltet ist zum indukti-
ven Laden der implantierbaren Telemetrieschal-
tung, ohne dass erforderlich ist, dass das Anpas-
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sungselement einen gesonderten Induktor enthalt.

7. System nach einem der Anspriiche 1 bis 6, welches

aufweist:
ein externes Telemetriemodul, aufweisend:

eine externe Antenne; und

eine externe Telemetrieschaltung, die elek-
trisch mit der externen Antenne verbunden
ist;

wobei die implantierbare Antenne und die
externe Antenne drahtlos gekoppelt sind;
und

wobei die externe Antenne ausgestaltet ist
zur elektromagnetischen Funkibertragung
von Informationen zwischen der implantier-
baren medizinischen Anordnung und dem
externen Telemetriemodul unter Verwen-
dung von zumindest einem von dem ersten
oder zweiten bestimmten Arbeitsfrequenz-
bereich.

System nach einem der Anspriiche 1 bis 7, bei dem
eine langste lineare Abmessung des ersten Spulen-
segments kirzer als eine oder gleich einer langsten
linearen Abmessung des ersten Nichtspulenseg-
ments ist.

Verfahren, welches aufweist:

Vorsehen eines implantierbaren Gehauses, das
zum Implantieren innerhalb eines menschlichen
oder tierischen Kérpers bemessen und geformt
ist, weiches implantierbare Gehause ein leiten-
des Material aufweist und zumindest einen Teil
einer implantierbaren Telemetrieschaltung ent-
halt, wobei das leitende Material elektrisch mit
der implantierbaren Telemetrieschaltung ver-
bunden ist;

Vorsehen eines ersten implantierbaren dielekt-
rischen Fachs, das zum Implantieren innerhalb
eines menschlichen oder tierischen Kérpers be-
messen und geformt ist, wobei das erste imp-
lantierbare dielektrische Fach mitdem Gehause
gekoppelt ist;

Vorsehen eines zweiten implantierbaren dielek-
trischen Fachs, das zum Implantieren innerhalb
eines menschlichen oder tierischen Kérpers be-
messen und geformt ist, wobei das zweite imp-
lantierbare dielektrische Fach mitdem Gehause
gekoppelt ist;

elektromagnetisches Funkibertragen von Infor-
mationen in einem ersten bestimmten Arbeits-
frequenzbereich und in einem verschiedenen
zweiten bestimmten Arbeitsfrequenzbereich
unter Verwendung einer implantierbaren Tele-
metrieschaltung, die in einem implantierbaren
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Gehause enthalten ist, welche implantierbare
Telemetrieschaltung mit einer implantierbaren
Antenne gekoppelt ist, welche implantierbare
Antenneinnerhalb eines implantierbaren dielek-
trischen Fachs enthalten ist, das zum Implantie-
ren innerhalb eines menschlichen oder tieri-
schen Kérpers bemessen und geformt und mit
dem implantierbaren Gehause gekoppelt ist,
wobei die implantierbare Antenne aufweist:

ein erstes Nichtspulensegment;

ein erstes Spulensegment, das an dem ers-
ten Nichtspulensegment angebracht ist;
und ein zweites Nichtspulensegment, das
an dem ersten Spulensegment angebracht
ist;

wobei der erste bestimmte Arbeitsfrequenzbe-
reich und der zweite bestimmte Arbeitsfre-
quenzbereich zumindest teilweise durch eine
korperliche Anordnung des ersten Spulenseg-
ments mit Bezug auf das erste Nichtspulenseg-
ment bestimmt sind,

wobei der erste bestimmte Arbeitsfrequenzbe-
reich durch eine erste Resonanzfrequenz er-
richtetistund der verschiedene zweite bestimm-
te Arbeitsfrequenzbereich durch eine verschie-
dene zweite Resonanzfrequenz errichtet ist,
wobei das erste implantierbare dielektrische
Fach zumindest einen Teil des ersten Nichtspu-
lensegments der implantierbaren Antenne ent-
halt und

wobei das zweite implantierbare dielektrische
Fach das zweite Nichtspulensegment der imp-
lantierbaren Antenne enthalt, um einen be-
stimmten Abstand zwischen dem zweiten
Nichtspulensegment und dem Geh&use zu be-
wahren; und

wobei die erste Spule ausgestaltet ist, einer du-
RBeren Kontur des implantierbaren Gehauses zu
folgen, und auerhalb des ersten implantierba-
ren dielektrischen Gehduses angeordnet ist.

10. Verfahren nach Anspruch 9, bei dem das elektroma-

1.

gnetische Funkibertragen von Informationen unter
Verwendung der implantierbaren Antenne das Ver-
wenden des zweiten Nichtspulensegments enthalt
und bei dem der erste bestimmte Arbeitsfrequenz-
bereich und der zweite bestimmte Arbeitsfrequenz-
bereich zumindest teilweise durch eine kérperliche
Anordnung des zweiten Nichtspulensegments mit
Bezug auf das erste Spulensegment und das erste
Nichtspulensegment bestimmt werden.

Verfahren nach Anspruch 10, bei dem die implan-
tierbare Antenne ein zweites Spulensegment auf-
weist, das an dem zweiten Nichtspulensegment an-
gebracht ist, wobei sich das zweite Nichtspulenseg-
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ment zwischen dem zweiten Spulensegment und
dem ersten Spulensegment befindet, wobei das
elektromagnetische Funkibertragen von Informati-
onen unter Verwendung der implantierbaren Anten-
ne das Verwenden des zweiten Spulensegments
enthalt und wobei der erste bestimmte Arbeitsfre-
quenzbereich und der zweite bestimmte Arbeitsfre-
quenzbereich zumindest teilweise durch eine kor-
perliche Anordnung des zweiten Spulensegments
mit Bezug auf das erste Spulensegment, das erste
Nichtspulensegment und das zweite Nichtspulen-
segment bestimmt wird.

Verfahren nach einem der Anspriiche 9 bis 11, bei
dem das elektromagnetische Funkiibertragen von
Informationen die Verwendung des ersten bestimm-
ten Arbeitsfrequenzbereichs mit einer ersten Band-
mittenfrequenz und des zweiten bestimmten Ar-
beitsfrequenzbereichs mit einer zweiten Bandmit-
tenfrequenz enthalt, wobei die erste Bandmittenfre-
quenz gegenilber der zweiten Bandmittenfrequenz
um zumindest eine Oktave versetzt ist.

Verfahren nach einem der Anspriiche 9 bis 12, auf-
weisend das Anpassen einer konjugierten Impedanz
der implantierbaren Antenne in einem biologischen
Medium unter Verwendung der implantierbaren Te-
lemetrieschaltung.

Verfahren nach Anspruch 13, beidem das Anpassen
das induktive Laden der implantierbaren Telemet-
rieschaltung unter Verwendung des Spulenseg-
ments enthalt.

Verfahren nach einem der Anspriiche 9 bis 14, auf-
weisend:

das Betreiben der implantierbaren Antenne un-
ter Verwendung der implantierbaren Telemet-
rieschaltung; und

bei dem das elektromagnetische Funkibertra-
gen von Informationen das elektromagnetische
Funklbertragen von Informationen zwischen
der implantierbaren Antenne und der Antenne
des externen Telemetriemoduls unter Verwen-
dung von zumindest einem von dem ersten be-
stimmten Arbeitsfrequenzbereich oder dem
zweiten bestimmten Arbeitsfrequenzbereich
enthalt.

Revendications

1.

Systeme comprenant :

un circuit de télémétrie implantable;
une antenne implantable (720E) connectée
électriguement au circuit de télémétrie implan-
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32

table, I'antenne implantable (720E) compre-
nant:

un premier segment de non bobine (726E) ;
et

un premier segment de bobine (722E) fixé
au premier segment de non bobine (726E) ;
et

un second segment de non bobine (725E)
fixé au premier segment de bobine (722E) ;
un boftier implantable (710E) dimensionné
et conformé de maniére a pouvoir étre im-
planté al’intérieur du corps d’'un étre humain
oud’unanimal, le boitierimplantable (710E)
comprenant un matériau conducteur et con-
tenant au moins une partie du circuit de té-
|émétrie implantable, dans lequel le maté-
riau conducteur est connecté électrique-
ment au circuit de télémétrie implantable ;
un premier compartiment diélectrique im-
plantable (721E) dimensionné et conformé
de maniére a pouvoir étre implanté a l'inté-
rieur du corps d’un étre humain ou d’un ani-
mal, le premier compartiment diélectrique
implantable (721E) contenant au moins une
partie du premier segment de non bobine
(726E) de I'antenne implantable, etdans le-
quel le premier compartiment implantable
(721E) est couplé au boitier (710E); et

un second compartiment diélectrique im-
plantable dimensionné et conformé de ma-
niére a pouvoir étre implanté a I'intérieur du
corps d’un étre humain ou d’'un animal, le
second compartiment diélectrique implan-
table contenant le second segment de non
bobine (723E) de I'antenne implantable de
maniére a garder une distance spécifiée en-
tre le second segmentde non bobine (723E)
etleboitier (710E), etdans lequel le premier
segment de bobine (722E) est configuré de
maniére a suivre un contour extérieur du
boitier implantable (710E) et est placé a
I'extérieur du premier compartiment diélec-
trique implantable (721E),

caractérisé en ce que :

I'antenne implantable est configurée de ma-
niére a transférer sans fil une information
électromagnétiquement en utilisant une
premiére plage de fréquences de fonction-
nement spécifiée et une seconde plage de
fréquences de fonctionnement spécifiée
différente, dans lequel la premiére plage de
fréquences de fonctionnement spécifiée est
établie par une premiére fréquence de ré-
sonance et la seconde plage de fréquences
de fonctionnement spécifiée différente est
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établie par une seconde fréquence de ré-
sonance différente et dans lequel la premie-
re plage de fréquences de fonctionnement
spécifiée etla seconde plage de fréquences
de fonctionnement spécifiée sont spéci-
fiées au moins en partie par un agencement
physique du premier segment de bobine
(722E) par rapport au premier segment de
non bobine (726E).

2. Systéme selon la revendication 1, dans lequel:

les premiére et seconde plages de fréquences
de fonctionnement spécifiées sont spécifiées au
moins en partie par un agencement physique
du second segment de non bobine par rapport
au premier segment de bobine et par rapport au
premier segment de non bobine.

3. Systéme selon la revendication 2, dans lequel :

I'antenne implantable comprend un second seg-
ment de bobine fixé au second segment de non
bobine, dans lequel

le second segment de non bobine est situé entre
le second segment de bobine et le premier seg-
ment de bobine ; et dans lequel

la premiére plage de fréquences de fonctionne-
ment spécifiée et la seconde plage de fréquen-
ces de fonctionnement spécifiée sont spécifiées
au moins en partie par un agencement physique
du second segment de bobine par rapport au
premier segment de bobine, au premier seg-
ment de non bobine et au second segment de
non bobine.

Systeme selon I'une quelconque des revendications
1 a 3, dans lequel les premiére et seconde plages
de fréquences de fonctionnement spécifiées sont
choisies parmi une liste incluant au moins une plage
prise parmi :

(1) une plage de bandes du Service de Commu-
nications pour Implants Médicaux (MICS)
s’étendant depuis approximativement 402 MHz
jusqu’a approximativement 405 MHz ;

(2) une plage de bandes des Dispositifs de Pla-
ge Courte (SRD) s’étendant depuis approxima-
tivement 862 MHz jusqu’a approximativement
870 MHz ;

(3) une premiére plage de bandes du domaine
Industriel-Scientifique-Médical (ISM) s’éten-
dant depuis approximativement 902 MHz jus-
qu’a approximativement 928 MHz ; et

(4) une seconde plage de bandes ISM s’éten-
dant depuis approximativement 2400 MHz jus-
qu’a approximativement 2500 MHz.
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5.

Systéme selon I'une quelconque des revendications
1a4,dans lequel 'agencement physique du premier
segment de bobine par rapport au premier segment
de non bobine est configuré de telle sorte que I'an-
tenne implantable dans un milieu biologique s’ap-
proche d’'une adaptation conjuguée vis-a-vis d’une
impédance de sortie du circuit de télémétrie implan-
table pour au moins I'une des premiére et seconde
plages de fréquences de fonctionnement.

Systéme selon I'une quelconque des revendications
1 a5, dans lequel le circuit de télémétrie implantable
inclut un élément d’adaptation d'impédance, con-
necté a I'antenne implantable, et dans lequel le pre-
mier segment de bobine est configuré de maniére a
charger de fagon inductive le circuit de télémétrie
implantable sans la nécessité que I'élément d’adap-
tation inclue un inducteur discret.

Systéme selon I'une quelconque des revendications
1 a 6, comprenant:

un module de télémétrie externe comprenant:

une antenne externe ; et

un circuit de télémétrie externe connecté
électriquemental’antenne externe, dansle-
quel

'antenne implantable et I'antenne externe
sont couplées sans fil; et dans lequel
I'antenne externe est configurée de manie-
re a transférer sans fil une information élec-
tromagnétiquement entre I'assemblage
médical implantable et le module de télé-
métrie externe en utilisant au moins l'une
des premiere et seconde plages de fré-
quences de fonctionnement spécifiées.

Systéme selon I'une quelconque des revendications
1 a 7, dans lequel une dimension linéaire la plus
longue du premier segment de bobine est plus courte
qu’une dimension linéaire la plus longue du premier
segment de non bobine ou lui est égale.

Procédé, comprenant :

la fourniture d’un boftier implantable dimension-
né et conformé de maniére a pouvoir étre im-
planté al'intérieur du corps d’un étre humain ou
d’'un animal, le boitier implantable comprenant
un matériau conducteur et contenant au moins
une partie du circuit de télémétrie implantable,
dans lequel le matériau conducteur est connec-
té électriquement au circuit de télémétrie
implantable ;

la fourniture d’un premier compartiment diélec-
trique implantable dimensionné et conformé de
maniére a pouvoir étre implanté a l'intérieur du
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corps d’un étre humain ou d’'un animal, dans le-
quel le premier compartiment diélectrique im-
plantable est couplé au boitier ;

la fourniture d’'un second compartiment diélec-
trique implantable dimensionné et conformé de
maniére a pouvoir étre implanté a l'intérieur du
corps d’un étre humain ou d’'un animal, dans le-
quel le second compartiment diélectrique im-
plantable est couplé au boitier ;

le transfert sans fil d’'une information électroma-
gnétiquement a une premiere plage de fréquen-
ces de fonctionnement spécifiée eta une secon-
de plage de fréquences de fonctionnement spé-
cifiée différente en utilisant un circuit de télémé-
trie implantable inclus dans un boitier implanta-
ble, le circuit de télémétrie implantable étant
couplé aune antenne implantable, 'antenne im-
plantable étant contenue a l'intérieur d’'un com-
partiment diélectrique implantable dimensionné
et conformé de maniéere a pouvoir étre implanté
a l'intérieur du corps d’'un étre humain ou d’un
animal et étant couplée au boitier implantable,
'antenne implantable comprenant:

un premier segment de non bobine ;

un premier segment de bobine fixé au pre-
mier segment de non bobine ; et

un second segment de non bobine fixé au
premier segment de bobine, dans lequel
la premiére plage de fréquences de fonc-
tionnement spécifiée et la seconde plage
de fréquences de fonctionnement spécifiée
sont spécifiée au moins en partie par un
agencement physique du premier segment
de bobine par rapport au premier segment
de non bobine ; dans lequel

la premiére plage de fréquences de fonc-
tionnement spécifiée est établie par une
premiére fréquence de résonance et la se-
conde plage de fréquences de fonctionne-
ment spécifiée différente est établie par une
seconde fréquence de résonance
différente ; dans lequel

le premier compartiment diélectrique im-
plantable contient au moins une partie du
premier segment de non bobine de I'anten-
ne implantable ; et dans lequel

le second compartiment diélectrique im-
plantable contient le second segment de
non bobine de I'antenne implantable de ma-
niére a garder une distance spécifiée entre
le second segment de non bobine et le boi-
tier; et dans lequel

le premier segment de bobine est configuré
de maniére a suivre un contour extérieur du
boitier implantable et est placé a I'extérieur
du premier boitier diélectrique implantable.

10

15

20

25

30

35

40

45

50

55

19

EP 2 263 283 B1

10.

1.

12.

13.

14.

15.

36

Procédé selon la revendication 9, dans lequel le
transfert sans fil d’'une information électromagnéti-
quement en utilisant I'antenne implantable inclut
I'utilisation du second segment de non bobine et
danslequellapremiére plage de fréquences de fonc-
tionnement spécifiée etla seconde plage de fréquen-
ces de fonctionnement spécifiée sont spécifiées au
moins en partie par un agencement physique du se-
cond segment de non bobine par rapport au premier
segment de bobine et au premier segment de non
bobine.

Procédé selon la revendication 10, dans lequel I'an-
tenne implantable comprend un second segment de
bobine fixé au second segment de non bobine, dans
lequel le second segment de non bobine est situé
entre le second segment de bobine et le premier
segment de bobine, dans lequel le transfert sans fil
d’'une information électromagnétiquement en utili-
sant 'antenne implantable inclut I'utilisation du se-
cond segment de bobine et dans lequel la premiére
plage de fréquences de fonctionnement spécifiée et
la seconde plage de fréquences de fonctionnement
spécifiée sont spécifiées au moins en partie par un
agencement physique du second segment de bobi-
ne par rapport au premier segment de bobine, au
premier segment de non bobine et au second seg-
ment de non bobine.

Procédé selon 'une quelconque des revendications
9 a 11, dans lequel le transfert sans fil d’'une infor-
mation électromagnétiquement inclut I'utilisation de
la premiere plage de fréquences de fonctionnement
spécifiée présentant une premiére fréquence de
bande intermédiaire et de la seconde plage de fré-
quences de fonctionnement spécifiée présentant
une seconde fréquence de bande intermédiaire et
dans lequel la premiére fréquence de bande inter-
médiaire est décalée par rapport a la seconde fré-
quence de bande intermédiaire d’au moins un octa-
ve.

Procédé selon 'une quelconque des revendications
9 a 12, comprenant I'adaptation substantielle d’'une
impédance conjuguée de l'antenne implantable
dans un milieu biologique en utilisant le circuit de
télémétrie implantable.

Procédé selon la revendication 13, dans lequel
I’'adaptation substantielle inclutle chargementinduc-
tif du circuit de télémétrie implantable en utilisant le
segment de bobine.

Procédé selon 'une quelconque des revendications
9 a 14, comprenant:

le pilotage de I'antenne implantable en utilisant
le circuit de télémétrie implantable; et dans le-
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quel le transfert sans fil d’'une information élec-
tromagnétiquement Inclut le transfert sans fil
d’une information électromagnétiquement entre
'antenne implantable et une antenne de module
de télémétrie externe en utilisant au moins l'une
des premiére et seconde plages de fréquences
de fonctionnement spécifiées.
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