Office de la Propriete Canadian CA 2542584 A1 2005/05/12

Intellectuelle Intellectual Property

du Canada Office (21) 2 542 584
Un organisme An agency of

d'Industrie Canada Industry Canada 12 DEMANDE DE BREVET CANADIEN

CANADIAN PATENT APPLICATION
(13) A1

(86) Date de
(87) Date pu

(85) Entree phase nationale/National Entry: 2006/04/12
(86) N° demande PCT/PCT Application No.: US 2004/032688 | (/%) Inventeurs/Inventors:

(87) N° pubili
(30) Priorité/

depot PCT/PCT Filing Date: 2004/10/05 (51) Clint./Int.Cl. H071Q 7/08 (2006.01)

blication PCT/PCT Publication Date: 2005/05/12 | (71) Demandeur/Applicant:
MEDTRONIC MINIMED, INC., US

MORGAN, WAYNE A., US;
cation PCT/PCT Publication No.: 2005/0436/9 HESS PHILIP B. US

Priority: 2003/10/24 (US10/692,541) (74) Agent: OYEN WIGGS GREEN & MUTALA LLP

(54) Titre : S

YSTEME ET PROCEDE POUR ANTENNES MULTIPLES SUR UN SEUL NOYAU

54) Title: SYSTEM AND METHOD FOR MULTIPLE ANTENNAS HAVING A SINGLE CORE

40

~

(57) Abréegée/Abstract:

A system an

about the first core for transmitting/receiving electromagnetic signals, and a second winding (44) for transmitting/recelving

d method for multiple antennas on a single core. The system may include a first core (49), a first winding (42) wound

electromagn

etic sighals wound about the first core and the first winding. The first winding and the second winding may be wound

such that a direction of a first magnetic field generated by the first winding Is different than a direction of a second magnetic field
generated by the second winding. The system may also include activation circuitry connected to the first winding and the second
winding. The activation circuitry may activate the first winding separately from the second winding. The system may be expanded to
three or more colls/antennas disposed on a single core.

C an a dg http:vopic.ge.ca - Ottawa-Hull K1A 0C9 - atp.//cipo.ge.ca OPIC

SEaoReE /[ [ ]
T N
N [ /[ 4
Ry
N

OPIC - CIPO 191




/043679 A1 0LV AT TN 000 AP R0 0

e

CA 02542584 2006-04-12

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property
Organization

International Bureau

(43) International Publication Date

12 May 2005 (12.05.2005)

(51) International Patent Classification’: H01Q 7/08

(21) International Application Number:
PCT/US2004/032688

(22) International Filing Date: 5 October 2004 (05.10.2004)
(25) Filing Language: English
(26) Publication Language: English

(30) Priority Data:
10/692,541 24 October 2003 (24.10.2003) US

(71) Applicant (for all designated States except US):
MEDTRONIC MINIMED, INC. [US/US]; 18000
Devonshire Street, Northridge, 5 91325 (US).

(72) Inventors; and

(75) Inventors/Applicants (for US only): MORGAN, Wayne,
A. [US/US]; 17524 Prairie Street, Northridge, California
91325 (US). HESS, Philip, B. [US/US]; 3927 Paige Street,
Los Angeles, California 90031 (US).

(74) Agent: RITTMASTER, Ted, R.; FOLEY & LARDNER,
35th Floor, 2029 Century Park East, Los Angeles, 5 90067 -
3021 (US).

(81)

(84)

(10) International Publication Number

WO 2005/043679 Al

Designated States (unless otherwise indicated, for every

kind of national protection available): AE, AG, AL, AM,
AT, AU, AZ, BA, BB, BG, BR, BW, BY, BZ, CA, CH, CN,
CO, CR, CU, CZ, DE, DK, DM, DZ, EC, EE, EG, ES, FI,
GB, GD, GE, GH, GM, HR, HU, ID, IL, IN, IS, JP, KE,
KG, KP, KR, K7, L.C, LK, LR, LS, LT, LU, L.V, MA, MD,
MG, MK, MN, MW, MX, MZ, NA, NI, NO, NZ, OM, PG,
PH, PL, PT, RO, RU, SC, SD, SE, SG, SK, SL., SY, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, YU, ZA, ZM.,
ZW.

Designated States (unless otherwise indicated, for every

kind of regional protection available): ARIPO (BW, GH,
GM, KE, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG, ZM,
/W), Burasian (AM, AZ, BY, KG, KZ, MD, RU, TJ, TM),
European (AT, BE, BG, CH, CY, CZ, DE, DK, ELE, ES, F1,
FR, GB, GR, HU, IE, IT, LU, MC, NL, PL, PT, RO, SE, SI,
SK, TR), OAPI (BEF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Published:

with international search report

[ Continued on next page]

(54) Title: SYSTEM AND METHOD FOR MULTIPLE ANTENNAS HAVING A SINGLE CORE

—

46

40

(57) Abstract: A system and method for multiple antennas on a single core. The system may include a first core (49), a first winding

& (42) wound about the first core for transmitting/receiving electromagnetic signals, and a second winding (44) for transmitting/receiv-
& ing electromagnetic signals wound about the first core and the first winding. The first winding and the second winding may be wound

N guch that a direction of a first magnetic field generated by the first winding is different than a direction of a second magnetic field
g g y g g

generated by the second winding. The system may also include activation circuitry connected to the first winding and the second

winding. The activation circuitry may activate the first winding separately from the second winding. The system may be expanded

to three or more coils/antennas disposed on a single core.



CA 02542584 2006-04-12

WO 2005/043679 A1 | IHIHHVA!H AR IO 11 0 T AR A

—  before the expiration of the time limit for amending the For two-letter codes and other abbreviations, refer to the "Guid-
claims and to be republished in the event of receipt of ance Notes on Codes and Abbreviations” appearing at the begin-
amendments ning of each regular issue of the PCT Gagzette.



CA 02542584 2006-04-12
WO 2005/043679 PCT/US2004/032688

PATENT APPLICATION IN THE U.S. PATENT AND TRADEMARK OFFICE
for

SYSTEM AND METHOD FOR MULTIPLE ANTENNAS HAVING A SINGLE CORE
by

Phalip B. Hess
Wayne A. Morgan

BACKGROUND
1. Field of the Invention

[0001] The present invention relates to systems and methods for providing a
plurality of antennas using a single core and, 1n particular embodiments, to systems and
methods for providing an implantable device having multiple antennas and a single core

that 1s inductively coupled to an external unat.

2. Description of Related Art

[0002] The ability to inductively couple radio signals between two or more coils
has greatly facilitated the use of implantable devices in patients who require mternal
monitoring, sensing or regulation of various physical parameters or who require mternal
delivery of a drug or medication. RF communication between an implant unit and an
external device has allowed many such patients to receive effective medical treatment
and/or analysis while maintaining mobility realizing the mobility and other benefits of an
implanted device.

[0003] For example, for patients requiring automatic pacing of the heart,
implantable pacing devices can record electrical activity in the heart and the response of
the heart to pacing signals. The recorded information can then be transmitted via
inductive coupling of RF signals to a receiving unit external to the patient and be
analyzed and evaluated by an attending physician. The ability to inductively couple data
via RF transmission eliminates the need for costly and burdensome mvasive surgery to

recover recorded data in the implant unit.
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[0004] In a similar manner, many diabetic patients utilize implantable pumps and
insulin delivery systems for the regulated delivery of insulin to their bodies. These
patients can also transmit recorded data relating to the delivery of insulin and the
corresponding response by the body to an external unit where the data can be analyzed.
In response to the analysis, the parameters of the insulin delivery system may be adjusted
by inductive coupling of an RF signal from an external unit to the implant unit. No
invasive surgery to reach the implant unit 1s necessary.

[0005] Inductively coupled implant units to date, however, have not given
patients complete freedom from external monitoring or control devices. The quasi-static
magnetic filed produced by a coil 1is highly directional in nature and the link between a
coil in an implant unit and a coil 1n an external unit depends on the relative orientation
between transmitter and receiver coil antennas. To ensure a reliable link independent of
transmitter and receiver orientation, the ability to generate or receive a modulated
magnetic field in more than one direction is required, which, in turn, requires the use of
multiple antenna coils.

[0006] In past designs having multi-directional magnetic field performance,
separate antennas, each having its own air or ferrite core, have been used for multi-
directional magnetic field transmission and reception. A design of this type may be seen
in Figure 1. In Figure 1, an implantable circuit 10 includes having integrated circuits 18
includes three separate antennas 12, 14 and 16, one for each axis in three-dimensional
space and each antenna having its own core. For effective multi-directional operation, at
least one of the antennas 12, 14 and 16 must be oriented in a plane perpendicular to two
of the antennas, as shown in Figure 1. This type of configuration greatly increases the
space required to house the systerm. Since space in an implantable unit 1s critical and
always at a premium, the space required by this type of three-antenna system 1is relatively
large and, thus, is a drawback for patients who are outfitted with an 1mplant unit utilizing
this type of system.

[0007] Because of the space issues associated with a design of the type shown in
Figure 1, other past designs have incorporated only a single antenna for data
transmission/reception. Single antenna designs generate a highly directional magnetic

field. For operation, a patient having a single antenna implant device has had to position
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an external unit directly adjacent to the implant device and 1n align the antenna of the
external device with the antenna of the implant unit to effect transmission or reception.
Systems of this type have mobility limitations, rendering the patient stationary while
trying to transmit or receive data. In addition, because of the directional nature of the a
single antenna device, and the inability of the patient to ascertain the exact orientation of

the implanted antenna, maximum data transfer rates and accuracy may be diminished m a

single antenna system.

SUMMARY

[0008] It is therefore an object of embodiments of the present invention to
provide systems and methods for multiple antennas that utilize a single core. Itisa
further object of embodiments of the present invention to provide an iductively coupled
system that can transmit and receive signals 1n three dimensions. It is yet a further object
of embodiments of the present invention to provide a method of making and using a
multiple antenna system that utilizes a single core.

[0009] An antenna system according to an embodiment of the present invention
- may include a first core; a first winding disposed about the first core for
transmitting/receiving electromagnetic signals; a second winding for
transmitting/receiving electromagnetic signals disposed about the first core and the first
winding; and activation circuitry connected to the first winding and the second winding.
The first winding and the second winding may be wound such that a direction of a first
magnetic field generated by the first winding may be different than a direction of a
second magnetic field generated by the second winding. The activation circuitry may
activate the first winding separately from the second winding.

[0010] The first core may be air or a ferrite. The first winding may be wound as a
helical solenoid or a rectangular solenoid around the first core. The second winding may
also be wound as a helical solenoid a rectangular solenoid around the first core.

[0011] Embodiments of the present invention may also include a third winding
disposed about the first core, the first winding and the second winding. The third
winding may be wound such that a direction of a third magnetic field generated by the

third winding may be different than the direction of the first magnetic field and the
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second magnetic field. The third winding may be wound as a helical solenoid or a
rectangular solenoid around the first core.

[0012] The activation circuitry may mclude a multiplexer for facilitating separate
activation of the first winding, the second winding or the third winding. The first
winding, the second winding and the third winding may transmit or receive a radio
frequency signal. The direction of the first magnetic field may be orthogonal to the
direction of the second magnetic field and the direction of the third magnetic field may be
orthogonal to the direction of the first magnetic field and the second magnetic field.

[0013] Embodiments of the present mvention may also include a second core; a
fourth winding disposed about the second core for transmitting/receiving electromagnetic
signals; and a fifth winding for transmitting/receiving electromagnetic signals disposed
about the second core and the fourth winding. The fifth winding may be serially
connected to the second winding.

[0014] According to an embodiment of the present invention, an inductively
coupled system may include a first core disposed on an implantable unit; a local first
winding disposed about the first core for transmitting/receiving RF signals; at least one
local second winding for transmitting/receiving electromagnetic signals disposed about
the first core and the local first winding; a second core disposed on a remote unit; a
remote first winding disposed about the second core for transmitting/receiving RF
signals; and at least one remote second winding for transmitting/receiving
electromagnetic signals disposed about the second core and the remote first winding.
Magnetic fields may be coupled between the local first winding and the at least one local
second winding on the first core; and the remote first winding and the at least one remote
second winding on the second core.

[0015] The at least one local second winding may include one winding or two
windings. The at least one remote second winding may include one winding or two
windings. The implantable unit may be disposed internally in a body. Thee remote unit
may be disposed iternally to a body or externally to a body.

[0016] A method for implementing an antenna system may include providing a
core; winding a first coil for transmitting/receiving electromagnetic signals about the

core; winding a second coil for transmitting/receiving electromagnetic signals about the
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first core and the first winding; and activating the first coil separately from the second
coil. The core provided may be an air core or a ferrite core.

[0017] The first coil and the second coil may be wound as a helical solenoid or a
rectangular solenoid around the core. The system may also include a third coil for
transmitting/receiving electromagnetic signals about the core, the first winding and the
second winding. The third coil may be wound as a helical solenoid or a rectangular
solenoid around the core. The first coil, the second coil and the third coil may be wound

orthogonal to each other.

BRIEF DESCRIPTION OF THE DRAWINGS

[0018] Figure 1 shows a conventional three-antenna system according to the prior

[0019] Figure 2 is a generalized block diagram of a system having multiple
antennas utilizing a single core according to an embodiment of the present invention.

[0020] Figure 3 is a perspective view of a generalized scheme for winding two
antennas on a single core according to an embodiment of the present invention.

[0021] Figure 4 is a perspective view of a generalized scheme for winding three
antennas on a single core according to an embodiment of the present invention.

[0022] Figure 5 is a perspective view of a generalized scheme for connecting
antennas in series according to an embodiment of the present invention.

[0023] Figure 6 is a flow chart of a generalized method for implementing an
antenna system according to an embodiment of the present invention.

[0024] Figure 7 is a flow chart of a generalized method for optimizing an antenna

system according to an embodiment of the present invention.

DETAILED DESCRIPTION

[0025] In the following description of preferred embodiments, reference 1s made
to the accompanying drawings which form a part hereof, and in which are shown by way
of illustration specific embodiments in which the invention may be practiced. It 1s to be
understood that other embodiments may be utilized and structural changes may be made

without departing from the scope of the preferred embodiments of the present invention.
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[0026] Although the following description is directed primarily toward methods
and systems for inductively coupling an implant unit to an external device via multiple
antennas having a single core, embodiments of the present invention may be used in a
variety of capacities and applications. For example, embodiments of the present
invention may be used to couple one external device to another external device or to
couple one internal device to another internal device. Generally, embodiments of the
present invention may be adapted for use in any type of system where RF communication
between two or more units 1s desired.

[0027] In addition, embodiments of the present invention may be used 1n a variety
of applications. For example, embodiments of the present invention may be used with
implantable pumps that deliver insulin to diabetics and external control units used in
connection with the implantable pumps. Also, embodiments of the present invention may
be used in pacemaker and defibrillator systems and external control units or analysis units
used in connection therewith.

[0028] A generalized block diagram of a multiple antenna system 20 utilizing a
single core according to an embodiment of the present invention 1s shown in Fig. 2. The
multiple antenna system 20 includes, without limitation, a first antenna 22, a second
antenna 24, a third antenna 26, a multiplexer 28, control circuitry 32 and RF signal
send/receive circuitry 30. According to embodiments of the present invention, two of the
three antennas 22, 24 and 26 or all three of the antennas 22, 24 and 26 may be disposed
about a single core, as will be described 1n greater detail below.

[0029] According to an embodiment of the present invention, the multiplexer 28
may be controlled by the control circuitry 32 to connect the RF signal send/receive
circuitry 30 to only one of the first antenna 22, second antenna 24 and third antenna 26 at
a time. In other words, the first antenna 22, second antenna 24 and third antenna 26 may
be time-multiplexed so that only one antenna 1s active to send or receive RF signals or
other magnetic or electromagnetic signals to a remote unit by activating only one antenna
at a time, interference from another antenna 1n the system is eliminated.. The multiplexer
28 itself may be implemented with a commercially available multiplexer integrated

circuit, or may be implemented with discrete components, or may be part of an
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application specific integrated circuit (ASIC), Other implementations common in the art
may also be used.

[0030] The control circuitry 32 may be used to configure a channel on the
multiplexer 28. The control circuitry 32 may also be implemented in a variety of ways.
The control circuitry 32 may be a discrete microprocessor or may be discrete components
in a state machine. According to another embodiment of the present invention, the control
circuitry 32 may be part of the same A SIC that includes the multiplexer 28, if such a
configuration 1s used.

[0031] According to the embodiment of the invention shown 1n Fig. 2, the RF
signal send/receive circuitry 30 may be routed via the multiplexer 28 to the first antenna
22, the second antenna 24 or the third antenna 26 depending on the channel of the
multiplexer 28 selected by the control circuitry 32. The RF signals may be generated and
the RF signal send/receive circuiiry 30 may be implemented according to standard
techniques common 1n the art.

[0032] Also, multiple send/receive circuits may be used. According to an
embodiment of the present invention, two, three or more send/receive circuits may be
incorporated into the multiple antenna system 20. For example, if three send/receive
circuits were to be incorporated into thie multiple antenna system 20, each of the three
send/receive circuits could be logic controlled. Accordingly, there could also be three
transmitters/receivers which could be operating simultaneously. Thus, signals could be
received on each of the three receivers and processed separately. The strongest or
otherwise most desirable signal could then be chosen from the three. According to
embodiments of the present mmvention, schemes of this type may be advantageous 1n that
a transmitting device may need to send a signal only once, as opposed to multiple times,
to ensure adequate receipt of the signal. Also, sitmultaneous signal transmission would be
possible.

[0033] A generalized scheme immplementing a two antenna system 40 on a single
core according to an embodiment of thie present invention 1s shown in Fig. 3. The
embodiment shown 1n Fig. 3 includes, without limitation, a core 49, a first coil 42, and a

second coil 44. The core 49 may be a ferrite rod or block or other material having high
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magnetic permeability. According to another embodiment of the present invention, the
core 49 may be an air core.

[0034] The core 49 may be of a standard cylindrical or rectangular shape as is
common in the art. According to an embodiment of the present invention, a rectangular
core may have dimensions of approximately 5 mm x 20 mm. However, the dimensions
of the core 49, whether oval, rectangular or some other geometry, may vary according to
the application and the space constraints of application for which embodiments of the
present ivention 1s desired.

[0035] The first coil 42 may be cylindrically or helically wrapped around the core
49 and forms a first antenna. The second coil 44 may be wound transversely around the
ends of the core 49, in the shape of a rectangle or an oval, for example, and forms a
second antenna. Thus, both the first coil 42 and the second coil 44 may be wound around
the same core 49. Each coil, therefore, utilizes a single core and the additional space
requirements of a separate core for each antenna are eliminated. If the first coil 42 and
the second coil 44 are fabricated such that the windings of each coil are orthogonal to
each other, magnetic fields generated in each coil will also be orthogonal to each other.
In such a scheme, transmission/reception may be effected completely in two dimensions.

[0036] The core 49, the first coil 42 and the second coil 44 may sit on a generic
housing 48. The second coil 44, which, according to the embodiment of the invention
shown in Fig. 3 1s wound transversely around the end of the core 49, may be self-
supporting. However, the housing 48 may be designed such that the second coil 44 need
not be self-supporting. The embodiment of the invention shown 1n Fig. 3 may also
include connection pads 46 (two for each coil in the embodiment shown) for providing
connection points to the coils.

[0037] A generalized scheme implementing a three antenna system 50 on a single
core according to an embodiment of the present invention 1s shown in Fig. 4. The
embodiment of the invention shown 1n Fig. 4 1s stmilar to that shown i Fig. 3, having a
core 58, a first coil 52 cylindrically wrapped about the core 58, and a second coil 54
wrapped transversely about the ends of the core 58. In addition, the embodiment of the
invention shown in Fig. 4 includes, without limitation, a third coil 56 wrapped

transversely to the first coil 52 and the second coil 54. The first coil 52, second coil 54
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and third coil 56 may all be wound orthogonal to each other such that magnetic fields
generated in each coil are also orthogonal to each other. Thus, the antenna system 50
shown in Fig. 4 provides transmission/reception in three dimensions.

[0038] In operation, the embodiment of the inventions shown 1n Fig. 3 and Fig. 4
may transmit or receive RF signals or other magnetic or electromagnetic signals in two
dimensions and three dimensions, respectively. Embodiments of the invention may be
expanded such that a plurality of more than three coils are wound about a single core.
While some of the coils may be wound orthogonal to one another, other coils may be
wound at various angles with respect to the core axes to provide enhanced transmission
or reception in each dimension.

[0039] A generalized scheme showing a serial connection of a first antenna
system 60 with a second antenna system 62 according to an embodiment of the present
ivention 1s shown in Fig. 5. The first antenna system 60 and the second antenna system
62 are each similar to the antenna system 40 shown in Fig. 3. The first antenna system 60
includes, without limitation, a core 72, a first coil 64, and a second coil 68. Likewise,
the second antenna system 62 includes, withoout Iimitation, a core 74, a first coil 66, and a

second coil 70.

[0040] Each of the cores 72 and 74 may be a ferrite rod or block or other material
having high magnetic permeability. According to another embodiment of the present
invention, each of the cores 72 and 74 may be an air core. Each of the cores 72 and 74
may be formed 1nto a variety of geometries, such as a cylinder or a rectangle, for
example.

[0041] Each of the first coils 64 and 66 may be cylindrically or helically wrapped
around the cores 72 and 74, respectively, to form antennas. Each of the second coils 68
and 70 may be wound transversely around the ends of cores 72 and 74, respectively, in
the shape of a rectangle or an oval, for example, also forming antennas.

[0042] According to the embodiment of the invention shown 1n Fig. 5, the first
antenna system 60 may be positioned at a right angle to the second antenna system 62.
Thus, 1f the windings of the first coils 64 and 66 are in the same direction, because the
first coils 64 and 66 are at right angles to one another, each of the first coils 64 and 66

form an orthogonal antenna system, permitting the transmission and/or reception of
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magnetic fields or other RF fields in two dimensions. However, if the second coils 68
and 70 are wound 1n the sarﬁe direction, the positioning of the first antenna system 60 to
the second antenna system 62 dictates that the second coils 68 and 70 will generate
magnetic fields in the same direction. Thus, the magnetic fields of each of the second
coils 68 and 70 may be enhanced by a seri1al connection 76, thereby increasing the
effective area of the second coils 68 and 70 and producing a larger magnetic field since
the strength of the magnetic filed produced or received is proportional to the antenna
aperture area.

[0043] Moreover, because of the right angle positioning of the first antenna
system 60 and the second antenna system 62, the second coils 68 and 70 will generate
magnetic fields 1n a direction orthogonal to the magnetic fields generated by the first coils
64 and 66. Accordingly, the embodiment of the invention shown in Fig. 5 forms a three-
dimensional transmission/reception systerm. The embodiment of the invention shown in
Fig. 5 may be desirable for three-dimensional transmission/reception applications in
which the winding of a third antenna around a single core 1s not feasible or 1s impractical
but space 1s available for a second core.

[0044] A generalized method for 1mplementing an antenna system according to
an embodiment of the present invention 1s shown 1n Fig. 6. At step 80, a core is
provided. The core may be an air core or a ferrite core and may be cylindrical or
rectangular in shape.

[0045] At step 82, a first coil 1s wound about the core, forming a first antenna.
The first coil may be wound 1n a cylindrical or helical fashion. At step 84, a second coil
1s wound about the core and the first co1l, forming a second antenna. The second coil
may be wound in a rectangular or oval fashion.

[0046] At step 86, the first coil and the second coil are activated for transmission
or reception separately from one another. Thus, only the first coil or the second coil will
be active for transmitting or receiving signals. The first coil and the second coil may be
activated by multiplexer circuitry or other switching circuitry.

[0047] The method shown 1n Fig. 6 may be expanded to more than two coils. For
example, 1f an embodiment of the invention of the type shown in Fig. 4 were

implemented 1n application, 1.e., an antenna system having three coils on a single core,

10
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the method shown in Fig. 6 could be expanded to a three coil/antenna system. Thus, for
example, the method could include, without limitation, providing a single core; winding a
first coil about the core; winding a second coil about the core and the first coil; winding a
third coil about the core, the first coil and the second coil; and activating the first, second
and third coils separately during the transmission and reception of RF signals with a
remote unt.

[0048] A generalized scheme for optimizing antenna parameters is shown in Fig.
7. It 1s possible and may be desirable to optimize certain parameters for two or more
antennas. For example, for embodiments of the invention having one or more inner
cylindrical coils and one or more outer rectangular coils, it may be desirable to optimize
the dimensions of the inner antenna (or antennas) for a very high effective permeability
of the inner core (Winner core) and, thus, the effective area of the inner antenna or antennas.
At the same time, 1t may be desirable to optimize the dimensions of the outer antenna (or
antennas) to increase the effective area of the outer antenna or antennas. However, such
parameters are not necessarily mutually exclusive and, thus, a balancing between
optimizations may be desired. Although the scheme in Fig. 7 shows consecutively
progressing steps, the steps may be performed in any order or may be performed
simultaneously with one another.

[0049] At step 90, the effective area of the inner antenna may be optimized. The

effective area of the coil is equal to the effective permeability of the core times its area,

1.€.,

[0050] Area o = Ueir X Area [1]

[0051] The effective area of the inner antenna may be optimized according to the

following equation:

10052] Winner core &€ 16118Th inner core / dlameter inner core [2]

11
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[0053] According to equation [2], the larger the length/diameter of the inner core,
rod or block, the greater the effective permeability of the inner core and, thus, the greater
the effective area of the inner antenna.

[0054] At step 92, the effective area of the outer antenna may be optimized. The

effective area of the outer antenna may be optimized according to the following equation:

10055] Hrectangle & helght rectangle / (length rectangle & Wldth) rectangle [3]

[0056] According to equation [3], the larger the height/(length x width) of the
outer rectangle, the greater the effective permaeability of the outer core and, thus, the
greater the effective area of the outer antenna.

[0057] At step 94, the area of the inner antenna 1s optimized, taking into account
that the larger the diameter of the inner antenma, the larger the area of the inner antenna.
At step 96, the area of the outer antenna 1s optimized, taking into account that the larger
the product of the length and the width of the outer antenna, the larger the area of the
outer antenna.

[0058] It 1s tmportant to consider optimizing both the actual area and the effective
area of the inner and outer antennas because the larger the area, the larger the transmitted
or received field strength while the larger the effective area, the larger the transmitted or
received voltage. However, as can be seen by comparing equations [2] and [3],
increasing the length of the inner coil and, accordingly, the effective area of the inner
antenna, the effective permeability of the outer rectangle 1s sitmultaneously reduced.
Thus, although some of the parameters assoc1ated with the inner and outer antennas may
be opposed, they may still be individually or concurrently optimized for the
characteristics of a desired application.

[0059] In addition, according to embodiments of the present imnvention, the
antennas may be shielded. For example, the antennas may be shielded by surrounding
the antennas with a grounded metal. Any of a variety of metals may be used, such as
copper or aluminum, for example. In addition, the metal used may be a solid piece of
metal or may be a metal mesh. The actual geometry of the shield by vary and may be

determined by any number of techniques that are common in the art. The optimum
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geometry of the shield may depend on a variety of factors, including, without limitation,
the number of coils and the position of each of the coils with respect to each other. In
some circumstances, the geometry of the shield may be determined simply by trial and
eITor

[0060] Also, the coils, instead of or in addition to being shielded, may also be
electrically balanced. Both balancing and shielding reduces the effect of electrostatic
noise in a transmitted or received signal, thereby increasing the overall reliability of the
system.

[0061] Embodiments of the present invention may be used in a variety of
applications. For example, embodiments of the present invention may be used in
connection with implantable insulin pumping mechanisms with associated external
controller/communication units. Mechanisms of this type may be used by diabetics in
lieu of routine glucose level testing and insulin injection. When operating embodiments
of the imnvention for this particular application, a diabetic patient may require that data
relating to glucose monitoring and imsulin delivery be transmitted to a remote
controller/communication unit. Thus, if the patient were outfitted with an embodiment of
the present invention having three coils/antennas, thereby permitting transmission in
three dimensions, the patient need simply to position herself within the operating range of
system in order to transmit data. Because the implant unit is capable of transmitting data
in three dimensions, there is no need for the patient to align herself with the remote
controller/communication unit. Data will be transmitted along all three coordinate axes
and received by the remote controller/communication unit. This offers a tremendous
advantage 1n ease of use for the patient.

[0062] Likewise, once data is received by the remote controller/communication
unitt, the remote controller/communication unit may determine that adjustments to the
implant unit are necessary, such as, for example, an increase/decrease in the frequency of
glucose sample points, an increase/decrease in the amount of insulin delivered to the
patient, and the like. Thus, data must be transmitted from the remote
controller/communication unit and received by the implant unit.

[0063] Reception of the data by the implant unit from the remote

controller/communication unit is accomplished in a manner similar to the transmission of
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data from the implant unit to the remote controller/ communication unit. If the three
coil/antenna system has been implemented, the patient need only position herself within
the operating range of the system. Because the three coils of the implant unit receive data
1in three dimensions, data transmitted by the remote controller/communication unit will be
detected by the implant unit regardless of the orientation of the implant unit with respect

to the remote controller/communication unit.

[0064] Embodiments of the present invention may transmit and/or receive signals
at a variety of frequencies and power levels. The frequencies and power levels
implemented in embodiments of the present invention will depend on the application, the
needs of the system, and the needs of the user. According to an embodiment of the
present invention, RF signal transmission/reception may occur at 30 MHz or less. Other

embodiments of the present invention may trannsmit/receive at frequencies greater than 30

MHz.

[0065] Also, according to embodiments of the present invention, signal
transmission/reception may be effective up to approximately 3 feet. Power levels that
transmit/recerve at distances greater than 3 feet may be implemented depending on the
needs dictated by the system and the patient.

[0066] While particular embodiments of the present mvention have been shown
and described, 1t will be obvious to those skilled in the art that the invention is not limited
to the particular embodiments shown and described and that changes and modifications

may be made without departing from the spirit and scope of the appended claims.
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CLAIMS

What 1s claimed 1s:

1. An antenna system comprising:

a first core;

a first winding disposed about the first core for transmitting/receiving
electromagnetic signals;

a second winding for transmitting/receiving electromagnetic signals disposed
about the first core and the first winding; and

activation circuitry connected to the first winding and the second winding,

wherein the first winding and the second winding are wound such that a direction
of a first magnetic field generated by the first winding 1s different than a direction of a
second magnetic field generated by the second winding, and

wherein the activation circuitry activates the first winding separately from the

second winding.

2. The system of Claim 1, wherein the first core 1s air.

3. The system of Claim 1, wherein the first core 1s a ferrite.

4, The system of Claim 1, wherein the first winding 1s wound as a helical solenoid

around the first core.

5. The system of Claim 1, wherein the first winding 1s wound as a rectangular

solenoid around the first core.

6. The system of Claim 1, wherein the second winding 1s wound as a helical

solenoid around the first core.

7. The system of Claim 1, wherein the second winding 1s wound as a rectangular

solenoid around the first core.
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8. The system of Claim 1, further comprising a third winding, wherein the third

winding 1s disposed about the first core, the first winding ar‘1d the second winding, and
wherein the third winding is wound such that a direction of a third magnetic field

generated by the third winding is different than the direction of the first magnetic field

and the second magnetic field.

9. The system of Claim 1, wherein the third winding 1s wound as a helical solenoid

around the first core.

10.  The system of Claim 1, wherein the third winding 1s wound as a rectangular

solenoid around the first core.

11.  The system of Claim 1, wherein the activation circuitry comprises a multiplexer

for facilitating separate activation of the first winding and the second winding.

12.  The system of Claim 8, wherein the activation circuitry comprises a multiplexer

for facilitating separate activation of the third winding.

13.  The system of Claim 1, wherein the first winding and the second winding transmit

a radio frequency signal.

14.  The system of Claim 1, wherein the first winding and the second winding receive

a radio frequency signal.

15. The system of Claim §, wherein the third winding transmits a radio frequency

signal.

16.  The system of Claim 1, wherein the third winding receives a radio frequency

signal.

17.  The system of Claim 1, wherein the direction of the first magnetic field is

orthogonal to the direction of the second magnetic field.
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18.  The system of Claim 8, wherein the direction of the third magnetic field is
orthogonal to the direction of the first magnetic field and the second magnetic field.

19.  The system of Claim 1, further comprising:
a second core;

a fourth winding disposed about the second core for transmitting/receiving

clectromagnetic signals; and

a fifth winding for transmitting/receiving electromagnetic signals disposed about
the second core and the fourth winding,

wherein the fifth winding is serially connected to the second winding.

20.  The system of Claim 1, wherein the first winding 1s optimized for high

permeability.

21.  The system of Claim 1, wherein the second winding 1s optimized for high

permeability.

22.  The system of Claim &, wherein the third winding is optimized for high

permeability.

23.  The system of Claim 19, wherein at least one of the fourth winding and the fifth

winding 1s optimized for high permeability.

24.  The system of Claim 1,; wherein at least one of the first winding and the second

winding 1s shielded.
25.  The system of Claim 8, wherein the third winding is shielded.

26.  The system of Claim 1, wherein the first winding and the second winding are

balanced.
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27.  Aninductively coupled system comprising:

a first core disposed on an implantable unit;

a local first winding disposed about the first core for transmitting/receiving RF
signals;

at least one local second winding for transmitting/receiving electromagnetic
signals disposed about the first core and the local first winding;

a second core disposed on a remote unit;

a remote first winding disposed about the second core for transmitting/receiving
RF signals; and

at least one remote second winding for transmitting/receiving electromagnetic
signals disposed about the second core and the remote first winding,

wherein magnetic fields are coupled between the local first winding and the at
least one local second winding on the first core and the remote first winding and the at

least one remote second winding on the second core.

28.  The system of Claim 27, wherein the at least one local second winding comprises

one winding.

29.  The system of Claim 27, wherein the at least one local second winding comprises

two windings.

30.  The system of Claim 27, wherein the at least one remote second winding

comprises one winding.

31.  The system of Claim 27, wherein the at least one remote second winding

comprises two windings.

32.  The system of Claim 27, wherein the implantable unit is disposed internally in a
body.

33.  The system of Claim 27, wherein the remote unit is disposed externally to a body:.
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34.  The system of Claim 27, wherein the remote unit is disposed internally to a body.

35. A method for implementing an antenna system comprising:

providing a core;

winding a first coil for transmitting/receiving electromagnetic signals about the
Core;

winding a second coil for transmitting/receiving electromagnetic signals about the

first core and the first winding; and

activating the first coil separately from the second coil.

306.  The method of Claim 35, wherein the core provided is an air core.
37.  The method of Claim 35, wherein the core provided is a ferrite core.
38. The method of Claim 35, wherein the first coil is wound as a helical solenoid

around the core.

39.  The method of Claim. 35, wherein the first coil is wound as a rectangular solenoid

around the core.

40.  The method of Claim. 35, wherein the second coil 1s wound as a helical solenoid

around the core.

41.  The method of Claim 35, wherein the second coil is wound as a rectangular

solenoid around the core.

42.  The method of Claim 35, further comprising winding a third coil for
transmitting/receiving electromagnetic signals about the core, the first winding and the

second winding.

43. The method of Claim 35, wherein the third coil is wound as a helical solenoid

around the core.
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44.  The method of Claim 35, wherein the third coil 1s wound as a rectangular solenoid

around the core.

45. The method of Claim 35, wherein the first coil and the second coil are wound

orthogonal to each other.

46. The method of Claim 42, wherein the first coil, the second coil and the third coil

are wound orthogonal to each other.
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