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(57) Abstract: A low magnetic mterference battery 1s provided, the battery insertable into a mobile communication device, the
mobile communication device comprising a radio imnterconnected with a microphone and a receiver. The battery comprises a bat-
tery portion enabled to provide electrical power to the radio, the battery portion emitting a magnetic field when in operation. The
battery further comprises a sealing portion for sealing the battery portion therein such that the battery portion 1s protected from
moisture, the sealing portion comprising a magnetic shield portion arranged relative to the battery portion such that magnetic flux
from the battery portion 1s routed away from the receiver when the battery 1s in operation i the mobile communication device.
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LOW MAGNETIC INTERFERENCE BATTERY

Related Applications

[0001] This patent application claims the benefit of U.S. Provisional Application No.
61/225,364, filed July 14, 2009.

Technical Field

[0002] The present disclosure relates generally to batteries and more particularly to a battery

characterized by low magnetic interterence.

Background

[0003] Mobile communication devices are popular for business and personal use. Such devices
include Personal Digital Assistants (PDAs), cellular phones and smart phones. These devices
provide wireless two-way voice and data communication over wireless networks such as
GSM/GPRS, CDPD, TDMA, iDEN Mobitex, DataTAC, EDGE or UMTS networks, and
broadband networks like Bluetooth and variants of 802.11.

[0004] It is desirable that the electromagnetic fields generated by such devices be minimized for
health reasons and in order to reduce interference with other nearby electronic devices. For
example, international standards on Hearing Aid Compatibility (HAC) establish a minimum
signal-to-noise (SNR) ratio at the T-coil of a hearing aid (for example, see section 7.3.4 *“Signal
Quality” of ANSI C63.19-2007) for effective magnetic wireless coupling to the hearing aid
(including hearing aids, cochlear implants, and assistive listening devices) while minimizing
magnetic interference. The hearing aid compatibility requirements are generally evaluated with
the hearing aid coil in close proximity to the receiver in the mobile communication device.
Traditional approaches to meeting the required signal-to-noise ratio in the presence of magnetic
fields generated by mobile communication devices include increasing current in the mobile
communication device receiver, installing a separate T-coil within the mobile communication

device, and altering current loops and circuit board traces within the mobile communication

device to minimize magnetic interference.
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Brief Description of the Drawings

[0005] FIG. 1 is a block diagram illustrating a wireless mobile communication device 1n

accordance with the present disclosure;

[0006] FIG. 2 is a perspective view of a conventional battery for powering the wireless mobile

communication device of FIG. 1;

[0007] FIG. 3A is a schematic representation of positive and negative electrodes of a prior art

battery such as that shown in FIG. 2, in an un-rolled configuration;

[0008] FIG. 3B is a schematic representation of positive and negative electrodes of a prior art

battery such as that shown in FIG. 2, in a rolled-up configuration;

[0009] FIG. 4 is a schematic representation of positive and negative contact pads of a prior art

battery such as that shown in FIG. 2;

[0010] FIG. 5 is a schematic representation of a cross section of a side view of a prior art battery

emitting magnetic flux in operation

[0011] FIG. 6 is a schematic representation of a cross section of a prior art wireless mobile

communication device powered by a prior art battery therein, and further depicting magnetic flux

emitted from the battery;

[0012] FIG. 7a is a schematic representation of a cross section of a battery incorporating a

battery portion and a magnetic shield portion;

[0013] FIG 7b is a schematic representation of a perspective view of a battery incorporating a

battery portion and a magnetic shield portion;

[0014] FIG. 8 is a schematic representation of a cross section of a wireless mobile

communication devices powered by the battery of FIGS 7a and b, and further depicting magnetic

flux emitted from the battery;

[0015] FIG. 9 comprises FIGS. 9a and 9b and is a schematic representation of a cross section of

a wireless mobile communication devices incorporating a magnetic shield portion;
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[0016] FIG. 10 is a schematic representation of a side view of a battery incorporating a battery

portion and a magnetic shield portion, the magnetic shield portion encompassing the battery

portion;

[0017] FIGS. 1l1a and 11b are schematic representations of a model of a current loop

representative of a battery in a mobile communication device;

[0018] FIGS. 12a and 12b are schematic representations of a model of a current loop

representative of a battery in a mobile communication device with magnetic shield in place;

[0019] FIG. 13 is a schematic representation of a cross section of a prior art battery incorporating

structural elements;

[0020] FIG. 14 is a schematic representation of a cross section of a battery incorporating a
magnetic shield portion and a structural element, the magnetic shield portion also providing

structural support;

[0021] FIG. 15 is a schematic representation of a cross section of a battery incorporating two

magnetic shield portions, each magnetic shield portion also providing structural support;

[0022] FIG. 16 comprises a schematic representation of a cross section of a prior art battery, a

battery portion of the battery sealed inside a sealing portion;

[0023] FIG. 17 comprises a schematic representation of a cross-section of a battery, wherein a

sealing portion comprises a magnetic shield portion;

10024] FIG. 18 comprises a schematic representation of a cross-section of a battery, wherein a

sealing portion comprises a magnetic shield portion;

10025] FIG. 19 comprises a schematic representation of a cross section of a prior art battery, a

battery portion of the battery sealed inside a soft sealing case;

[0026] FIG. 20 comprises a schematic representation of a cross-section of a prior art sott sealing

case;
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[0027] FIG. 21 comprises a schematic representation of a cross-section of a battery, a battery

portion of the battery sealed inside a soft sealing case incorporating a magnetic shield portion;

[0028] FIG. 22 comprises a schematic representation of a cross section of the soft sealing case of

FIG. 21, according to non-limiting embodiments; and

[0029] FIG. 23 comprises a schematic representation of a cross section of the soft sealing case of

FIG. 21, according to non-limiting embodiments.

Detailed Description

[0030] Magnetic noise may be generated by a battery of a mobile communication device due to
current draw associated with GSM radio transmission. Accordingly, it is desirable to minimize
magnetic interference from mobile communication devices in general and to minimize magnetic

interference from mobile communication device batteries due to current draw on the battery.

[0031] An aspect of the specification provides a battery, insertable into a mobile communication
device, the mobile communication device comprising a radio interconnected with a microphone
and a receiver. The battery comprises a battery portion enabled to provide electrical power to the
radio, the battery portion emitting a magnetic field when in operation. The battery further
comprises a sealing portion for sealing the battery portion therein such that the battery portion is
protected from moisture, the sealing portion comprising a magnetic shield portion arranged
relative to the battery portion such that magnetic flux from the battery portion is routed away

from the receiver when the battery is in operation 1n the mobile communication device.

[0032] The sealing portion can comprise a rigid sealing can, providing structural stability to the
battery. At least a portion of the sealing can comprise a high magnetic permeability material such
that the magnetic shield portion is structurally incorporated into the sealing can. The sealing can
can comprise a can portion, for containing the battery portion therein, and a plate portion,

attached to the can portion, for sealing the battery portion in the sealing can.

10033] The magnetic shield portion can comprise a coating on the sealing portion.
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[0034] The sealing portion can comprise a soft sealing case. The soft sealing case can comprise
at least one flexible layer of insulating material and at least one flexible layer of high magnetic
permeability material, such that the magnetic shield portion is integrated into the soft sealing
case via the at least one flexible layer of high magnetic permeability material, the soft sealing
case further comprising a layer of the insulating material on a battery portion side ot the soft

sealing case. The soft sealing case further can comprises at least one flexible layer of metal foil.
[0035] The magnetic shield portion can comprise Mu Metal.

[0036] The battery can further comprise connectors to the battery portion through the sealing

portion.

[0037] A discussion of the prior art and exemplary embodiments follow hereafter with reterence

to the drawings.

[0038] FIG. 1 is a block diagram illustrating some of the components of a wireless mobile
communication device 130. In the embodiment depicted in FIG. 1, wireless mobile
communication device 130 includes a communication subsystem 200 for wireless two-way data
and voice communication with the wireless network 120. Communication subsystem 200 may
include one or more receivers, transmitters, antennas, signal processors and other components
associated with wireless communications including but not limited to a radio 201. The particular
design of the communication subsystem 200 can depend on the network in which the wireless
mobile communication device 130 1s intended to operate. The concepts herein may be

applicable to a variety of wireless mobile communication devices, such as two-way pagers,

cellular telephones, etc.

[0039] In the embodiment shown in FIG. 1, network access 1s associated with a subscriber or
user of the wireless mobile communication device 130 via a memory module 202, which may be
a Subscriber Identity Module (SIM) card for use in a GSM network or a Universal Subscriber
Identity Module (USIM) card for use in a Universal Mobile Telecommunication System
(UMTS). The SIM card is inserted 1n or connected to an interface 204 of the wireless mobile

communication device 130 to operate 1n conjunction with the wireless network 120.
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Alternatively, the wireless mobile communication device 130 may have an integrated 1dentity

module for use with systems such as Code Division Multiple Access (CDMA) systems.

[0040] The wireless mobile communication device 130 also includes a battery interface 206 for
receiving at least one rechargeable battery 208. The battery 208 provides electrical power to at
least some of the electrical circuitry in the wireless mobile communication device 130, and the
battery interface 206 provides a mechanical and electrical connection for the battery 208. As
discussed above and in greater detail below, it has been discovered that when the mobile
communication device 130 is held in close proximity to a hearing aid device (as 1s the case
during normal cell phone usage, for example when a receiver 224 us held close to a hearing aid
device) the time waveform (and frequency spectrum) of the Radio Frequency (RF) amplifier
current within communication subsystem 200 is largely the same as that of the measured
magnetic noise at the hearing aid coil. This indicates that interference problems with the hearing
aid result from magnetic noise generated by currents within the communication system
associated with GSM radio transmission. Through subsequent measurements and analysis, it
was found that a large portion of this magnetic noise was generated by the battery, though

magnetic noise can be generated by other components of the communication device 130.

[0041] The communication device 130 also generally includes radio 201 (e.g. within the
communication subsystem 200), a microphone 226 and the receiver 224. The receiver 228 can

include, but is not limited to, a voice coll, a hearing aid coi1l and a separate T-coil.

[0042] The wireless mobile communication device 130 may include one or more circuit boards
(not shown) that implement the components described above. This disclosure 1s not limited to

any particular electronic component or software module or any combination thereof.

10043 ] FIG. 2 shows a conventional battery 208 for powering a mobile communication device
130. The battery 1s assembled inside a case 240 and includes a positive contact pad 250, a
negative contact pad 260, and may include a temperature contact pad 270 and a cryptography
contact pad 280 for testing manufacturer’s authenticity of the battery 208. Although not shown,
the battery may include an internal microprocessor and a switch in series with the contact pads
250 and 260 which is opened by the internal microprocessor if the battery discharges below a

predetermined level, i order to avoid damage to the battery. Likewise, if the battery temperature
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elevates beyond a predetermined level, as indicated on the temperature contact pad 270, the

microprocessor may cause the switch to open.

[0044] A sandwich electrode assembly is located within the case 240, comprising coated
metallic films that according to the most common configurations are either stacked, folded back
and forth like an accordion (referred to as a Z-type electrode assembly), or rolled up and
flattened (referred to as a “jellyroll” electrode assembly). Reference will be made hereinatter to
the construction and design of “jellyroll” electrode assemblies, although a person of skill in the
art will appreciate that the principles set forth herein apply equally to other designs and

configurations of electrode assemblies.

[0045] One such “jellyroll” electrode assembly 300 is schematically represented in FIG. 3A 1n
its un-rolled state and in FIG. 3B in its final rolled-up state. The exemplary prior art electrode
assembly 300 comprises a positive electrode sheet 310 (cathode) and a negative electrode sheet
320 (anode) sandwiched together with a separator sheet 330 between them, and a further outer
separator sheet 340 that may curl around the end of the positive electrode sheet 310 at the
innermost section of the jellyroll so as to completely isolate the positive and negative electrodes.
The separator sheet 330 contains an electrolyte, such as lithium salts, such as LiPF6, LiBF4, or
Li1ClO4, in an organic solvent, such as ether. The electrolyte may also be acid such as 1n a lead-
acid battery, alkaline electrolyte usually potassium hydroxide in a nickel metal hydride or nickel
cadmium. The positive electrode sheet 310 may comprise a thin sheet of aluminum (e.g. 15um)
that 1s coated on both sides (€.g. 60-70um per side) with Lithium cobalt oxide (L1CoQO2), or other

suitable material, while the negative electrode sheet 320 may comprise a thin sheet of copper foil
(e.g. 10um) that 1s coated on both sides with graphite (e.g. 60-70um per side), such that electrical
current flows from the cathode to the anode. The separator sheet 330 (e.g. 20 um ) has openings
in 1t that allow the electrolyte liquid to permeate between the positive and negative electrode
sheets 310 and 320. The separator sheet 330 thus physically separates the two electrode sheets

while allowing 1ons to flow between them. Additional details of the construction of a

conventional jellyroll electrode assembly may found in the prior art, as exemplified by US Patent
7,488,553 (Tsukamoto et al)
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[0046] Electrical connection between the negative electrode sheet 320 and battery contact pad
260 may be made via a conducting tab 362 that extends to an insulated feed-through (tor
example, as discussed below and shown schematically in FIG. 6) which connects to a conductive
strip 360 that is insulated from the case by an insulator 370 and which extends from the feed-
through to the battery contact pad 260, as shown in FIG. 4. Electrical connection between the
positive electrode sheet 310 and battery contact pad 250 may be made either by leaving the
aluminum electrode uncoated in its last roll of the jellyroll structure so as to expose the bare
aluminum electrode and spot-welding, or crimping the last roll of the electrode 310 to the
conductive case 240, or by spot-welding or crimping a conducting tab 352 to the case 240,
thereby forming an external connection to the positive electrode through the case. A further
conductive strip 350 may be spot-welded to an opposite side of the case from the spot-welded tab
352, or last roll of positive electrode sheet, which extends from the spot-weld on the case 240 to
the battery contact pad 250, as shown in FIG. 4. In such an arrangement, the positive connection
to outside of the case 240 is made on the opposite side of the battery case to the negative
connection, as shown in FIG. 3B. However, it is also known in the art for the positive and

negative connections to outside of the case 240 to be on the same side.

[0047] Power is typically provided from the battery 208 to a device, such as communication
device 130, via conducting pads (260, 250), as discussed above. As shown in FIG. 4, a strip of
conductor 350 carries the current from the conductive case 240 to the positive pad 250. The
connection from the negative feed-through to conductive strip 360 is made on the opposite side
of the battery from the positive connection. The conductive strip 360 carries the current from the

feed-through to the negative pad 260. It will be appreciated that the arrangement of FI1G. 4 results

in large currents flowing externally of the battery case 240.

[0048] As shown in FIGS. 3A and 3B, if the connections 352 and 362 to the electrodes are made
at opposite ends of the electrode assembly 300, i.e., one connection is made on the center of the
jellyroll and the other on the outside of the jellyroll, current flow within the positive and negative
electrode sheets 310 and 320 is in the same direction. Moreover, the magnitude of the electrode
current increases from zero at the end opposite the connection to maximum at the end with the

connection. Therefore, the magnitude of the current in the two electrodes as a function of

position 1s significantly difterent.
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[0049] Sources of magnetic noise in the prior art battery design of FIGS. 3 and 4 include noise
from the electric currents flowing in the jellyroll electrode assembly 300 and ion current in the
electrolyte liquid, the connections from the electrodes 310, 320 to the feed-throughs, currents

flowing in the battery case 240 and the external conductive strips 350, 360.

[0050] FIG. 5 depicts a cross-section of a battery 508, similar to battery 208, comprising a case
540 containing a battery portion 509, which in some embodiments is similar to the “jellyroll”
described above with reference to FIG. 3b. FIG. 5 further depicts the magnetic flux 510 emitted
from the battery 508 when it is in operation (for example when inserted into the battery interface
206 of communication device 130, as depicted in FIG. 6). It is understood that the battery portion
509 is the source of the magnetic flux 510. Indeed, FIG. 6 depicts the battery 508 inserted into
the batter interface 206, with magnetic flux 510 passing through, and in the general area of, the
receiver 224, such that when the receiver 224 is held adjacent to a hearing aid, the magnetic flux
510 will interfere with the operation of the hearing aid by decreasing the SNR of the hearing aid

(e.g. noise will increase).

[0051] It i1s furthermore understood that depictions of magnetic flux in FIG. 5, as well as in
FIGS. 6, 7a, 8, 10, 13, 14, 15, 16, 17, 18, 19 and 21 are approximations. Modeling of magnetic
flux from a battery 1s provided in FIGS. 11a and 11b, described below. Modeling of magnetic
field from a battery with magnetic shield in place i1s provided in FIGS. 12a and 12b, described

below.

[0052] As described in detail below, magnetic noise may be significantly reduced (e.g. >10 dB
reduction over the prior art) by providing a magnetic shield to direct the magnetic tlux 510 away
from the region of the receiver 224. In some embodiments, as depicted in a schematic cross-
section 1n FIG. 7a, a battery 708 1s provided which comprises a battery portion 710, similar to
battery 508 with like elements having like numbers, though starting with “7” rather than “2” (e.g.
case 740 1s similar to case 540), and a magnetic shield portion 712. The magnetic shield portion
712 generally comprises a high magnetic permeability material, including but not limited to Mu
Metal, however other materials of suitable magnetic permeability are within the scope of present

embodiments. Furthermore, the magnetic shield portion 712 is arranged relative to battery

portion 710 so that the magnetic flux 510’ is generally routed through the magnetic shield
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portion 712 such that when the battery 708 is inserted into the battery interface 206 of the
communication device 130, and the battery 708 is in operation, the magnetic flux 510 is
generally routed away from the receiver 224. Hence, in general, at least some portion of
magnetic shield portion 712 is oriented such that a normal 713 of the magnetic shield portion 712
is generally aligned in the direction of the receiver 224 when the battery 708 1s inserted into the

battery interface 206.

[0053] It is understood that while in FIG. 7 the magnetic shield portion 712 is external to outside
to the case 740, in other embodiments the magnetic shield portion 712 can be internal to the case
740 (e.g. located between the battery portion 710 and the case 740), for example see FIGS. 14
and 13.

[0054] The thickness and geometry of the magnetic shield portion 712 can be dependent on the
geometry of the magnetic flux 510°, and the position of the receiver 224 relative to the battery
708 when inserted into the battery interface 206. Indeed, the thickness and geometry of the

magnetic shield portion 712 can be optimized using the equations of magnetostatics:.

gl —t

V-B=0and Vx H =fl—7£j where B=#1 (Equation Set 1)
C
whereby B is magnetic flux density, H is magnetic field intensity, ¢ is the speed of light, j is

current density and p is magnetic permeability, Equation Set 1 1s then generally solved with the

boundary conditions:

— —rrrhe

B, -i=B, i and B, x i = ~'u—21§1 X 7 (Equation Set 2)
H

whereby B; and B, are the magnetic flux density in, respectively, a first medium 1 and an
adjacent second medium 2 (e¢.g. medium 1 comprises the medium outside the magnetic shield
portion 712 and medium 2 comprises the material of the magnetic shield portion 712, such as Mu
metal ); n 1s the normal of the interface between medium 1 and medium 2; and p; and p; are the
magnetic permeabilities of medium 1 and medium 2, respectively. These equations can be solved

using any suitable software, including commercially available software.

10
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(00557 FIG. 7b depicts a perspective view of block diagram battery 708, including the battery
portion 710 and the magnetic shield portion 712. For clarity, the case 740 is not depicted in FIG.
7b, though it is understood that magnetic shield portion 712 can be either internal or external to
the case 740. While in FIGS. 7a and 7b, the magnetic shield portion 712 1s depicted as having
the same general area of the battery portion 710, it is understood that the magnetic shield portion
712 can be smaller or larger than the area of the battery portion 710, as desired, as long as there
is an overall reduction in magnetic flux in the area of the receiver 224 when the battery 708 1s 1n
operation in the communications device 130 (see FIG. 8 below). Furthermore, while in FIGS. 7a
and 7b, magnetic shield portion 712 is depicted as being incorporated on a face of the battery
portion 710 and/or the case 740, this is not to be considered particularly limiting; indeed, as

described above, the magnetic shield portion 712 can be located internal or external to the case

740.

[0056] Turning now to FIG. 8, when battery 708 is inserted in battery interface 206 of
communication device 130, the magnetic flux 510’ is directed away from the general area of the
receiver 224, hence reducing interference with a hearing aid adjacent to receiver. Hence, 1t 1s
understood that magnetic shield portion 712 is arranged on a side of the battery portion 710

which, when inserted into communication device 130, is generally facing the receiver.

[0057] In alternative non-limiting embodiments, as depicted in FIG. 9a, a magnetic shield
portion 912, similar to magnetic shield portion 712, is incorporated into communication device
130. The magnetic shield portion 912 is generally located between the battery intertace 206 and
the receiver such that at least one normal of the magnetic shield portion 912 1s pointing in a
direction of a magnetic field emitted from a battery (not depicted) inserted into battery interface
206 when the battery is in operation in the communication device 130. Hence, magnetic flux will

be conducted away from the receiver 224 when the battery 1s 1n operation, as in FI1G. 7.

[0058] While in FIG. 9 the magnetic shield portion 912 1s depicted as having the same general
arca of battery interface 206, it is understood that the area of the magnetic shield portion 912 can
be smaller or larger than the area of the battery interface 206, as desired, as long as there 1s an
overall reduction 1n magnetic flux in the area of the receiver 224. Furthermore, while in FIG. 9,

magnetic shield portion 912 is depicted as being incorporated into battery interface 206, this is

11
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not to be considered particularly limiting; indeed, the magnetic shield portion 912 can be located
in any suitable part of communication device 130, between the battery interface 206 and
receiver. For example, as depicted in FIG. 9b, a magnetic shield portion 912’ can be incorporated

into the body of the communication device 130.

[0059] 1t is further understood that embodiments such as that depicted in FIG. 9b shield the area
of the receiver 224 not only from magnetic flux emitted from a battery inserted into the battery

interface 206, but from other sources of magnetic interference within the communication device

130.

[0060] Attention is now directed to FIG. 10, which depicts alternative non-limiting embodiments
of a battery 1008, similar to battery 708, with like elements having like numbers, however
starting with “10” rather than “7”. However, in these embodiments, the magnetic shield portion
1012 comprises a plurality of interconnected planes 1090a, 1090b, 1090c, 1090d, each having a
respective normal 1013a, 1013b, 1013c, 1013d, such that the battery portion 1010 is generally
encompassed by the magnetic shield portion 1012. While only four of the interconnected planes
are depicted in FIG. 10, it is understood that each side of the battery portion 1010 is associated
with a respective plane of the magnetic shield portion 1012. In other words, if the battery portion
1010 is generally a rectangular box, then the magnetic shield portion 1012 is also a generally
rectangular box of proportions similar to the battery portion 1010, however with apertures there
through for electrodes 1050, 1060, 1070 and 1080. Hence, magnetic flux 510° emitted from the

battery portion 1010 when in operation, is now largely contained within the magnetic shield

portion 1012.

[0061] Attention 1s now directed to FIGS. 11a and 11b, which depict magnetic field lines of a
model of a current loop 1110 of radius 0.05, according to non-limiting embodiments. FIG. 11b 1s
similar to FIG. 11a, but depicts only the right hand side of FIG. 11a. It 1s understood that each ot
FIGS. 11a and 11b have been modeled with arbitrary units. It 1s furthermore understood that the
current loop depicted in FIGS. 11a and 11b can be used to model the battery 508.

[0062] Attention 1s now directed to FIGS. 12a and 12b, which are similar to FIGS. 11a and 11b,
respectively, however each of the models depicted in FIGS. 12a and 12b include a magnetic

shield portion 1212a and 1212b, respectively, each similar to magnetic shield portions 712, 712,
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912, described above. Furthermore, the magnetic permeability of the magnetic shield portion
1212b being greater than the magnetic permeability of the magnetic shield portion 1212a. In any
event, from a comparison of FIGS. 11a and 11b, it is understood that there is a reduction 1n
magnetic flux to the right of the magnetic shield portion 1212a. FIGS. 1la and 12a are
understood to represent a communication device, with the current loop 1110 representative of a
battery in the communication device, and the magnetic shield portion 1212a representative of a
magnetic shield portion in the communication device. FIG. 11a represents the communication
device without a magnetic shield portion and FIG. 12a represents the communication device with
a magnetic shield portion. Hence, from a comparison of FIGS. 11a and 12a, 1t 1s understood that
a receiver of the communication device located to the right of the magnetic shield portion 1212a
would experience a reduction in magnetic flux with the magnetic shield portion when compared
to a communication device without the magnetic shield portion 1212a. Similarly, it is understood
that a similar reduction in magnetic flux is present between FIGS. 11b and 12b; furthermore,
from a comparison of FIGS. 12a and 12b, it is understood that by increasing magnetic
permeability of a magnetic shield portion, the magnetic flux can be further reduced (i.e. the
magnetic flux to the right of the magnetic shield portion 1212b is less than the magnetic flux to

the right of the magnetic shield portion 1212a).

[0063] Attention is now directed to FIG. 13, which depicts a battery 1308, similar to the battery
508 depicted in FIG. 5, with like elements having like numbers, however preceded by a “13”
rather than a “5”. For example, the battery 1308 comprises a case 1340 similar to the case 540.

However, the battery 1308 further comprises structural elements 1350a and 1350b. For example,
in some embodiments, the case 1340 can be comprised primarily of plastic. Hence to give the
battery 1308 structural stability, for example to meet ruggedness testing, the structural elements
1350a, 1350b can comprise plates made from any suitable metal, such as stainless steel and
aluminum, and are of a suitable thickness to provide structural stability to the battery 1308. In
general, each structural element 1350a and 1350b can be the same or different thicknesses, as
desired. It 1s understood that the structural elements 1350a, 1350b generally sandwich the battery
portion 1309 1nside the case 1340. FIG. 13 further depicts magnetic flux 1310, similar to the
magnetic tlux 510, emitted from the battery portion 1409, when the battery 1408 is 1n operation.
Similar to the description of the battery 508 described above, the magnetic flux 1310 from the
battery 1308 can interfere with operation of a hearing aid, by decreasing the SNR of the hearing
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aid (e.g. noise will increase), when the battery 1408 is in operation in the mobile communication

device 130, and the receiver 224 1s held adjacent to the hearing aid.

[0064] Attention is now directed to FIG. 14, which depicts a battery 1408, similar to the battery
1308, with like elements having like numbers, however preceded by a “14” rather than a 13",
For example, the battery 1408 comprises a case 1440 similar to the case 1340. However the
battery 1408 includes a first structural element 1450, similar to the structural element 1350a, and
a magnetic shield portion 1412. Magnetic shield portion 1412 is similar to structural element
1350b, however magnetic shield portion 1412 generally comprises a high magnetic permeability
material, similar to the magnetic shield portion 712. The high magnetic permeability material can
include, but 1s not limited to, Mu Metal, and it is understood that other matenals of suitable
magnetic permeability are within the scope of present embodiments. Furthermore, the magnetic
shield portion 1412 is on a side of the battery portion 1409 such that the magnetic flux 1410 1s
generally routed through the magnetic shield portion 1412 such that when the battery 1408 1s
inserted into the battery interface 206 of the communication device 130. In other words, when
the battery 1408 is in operation, the magnetic flux 1410 is generally routed away from the

receiver 224, similar to the battery 708.

[0065] Furthermore, the magnetic shield portion 1412 provides structural stability to the battery
1408, similar to the structural element 1350b, and hence the magnetic shield portion 1412 can
comprise a plate made from any suitable high magnetic permeability metal, such as Mu Metal,
and 1s of a suitable thickness to provide structural stability to the battery 1408. It is hence
understood that the structural element 1450 and the magnetic shield portion 1412, generally
sandwich the battery portion 1409 inside the case 1440. Hence, in general, structural element
1450 and the magnetic shield portion 1412 provide similar structural functionality to the battery
1408 as the structural element 1350a and 1350b in the battery 1308, however the magnetic shield
portion 1412 further routes the magnetic flux away from the receiver 224 when the battery 1408
1S 1n operation 1n the mobile communication device 130. In general, 1t is further understood that

each of the magnetic shield portion 1412 and structural element 1450 can be the same or

different thicknesses, as desired.
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[0066] Attention is now directed to FIG. 15, which depicts a battery 1508, similar to the battery
1508, with like elements having like numbers, however preceded by a “15” rather than a 15",
For example, the battery 1508 comprises a case 1540 similar to the case 1540. However the
battery 1508 includes a first magnetic shield portion 1512a, similar to the magnetic shield
portion 1412, and a second magnetic shield portion 1512b, similar to magnetic shield portion
1512. Magnetic shield portions 1512a and 1512b are similar to structural elements 1450a and
1450b, respectively, each of magnetic shield portions 1512a and 1512b generally comprises a
high magnetic permeability material, similar to the magnetic shield portion 712. The high
magnetic permeability material can include, but is not limited to, Mu Metal, and it 1s understood
that other materials of suitable magnetic permeability are within the scope of present
embodiments. Furthermore, the magnetic shield portions 1512a is on a side of the battery portion
1509 such that the magnetic flux 1510 is generally routed through the magnetic shield portion
1512a such that when the battery 1508 is inserted into the battery interface 206 ot the
communication device 140. In other words, when the battery 1508 is in operation, the magnetic
flux 1510 is generally routed away from the recetver 224, similar to the battery 708. However, as
the magnetic shield portion 1512b also comprises a high magnetic permeability maternial, the
magnetic flux 1510 is also routed through the magnetic shield portion 1512b. In general, as
magnetic shield portions 1512a and 1512b sandwich the battery portion 1509, a significant
portion of the magnetic flux 1510 1s generally contained within the battery 1508.

[0067] Furthermore, each of the magnetic shield portions 1512a and 1512b provides structural
stability to the battery 1508, similar to the structural elements 1350a and 1350b, and hence each
of the magnetic shield portions 1512a and 1512b can comprise a plate made from any suitable
high magnetic permeability metal, such as Mu Metal, and are each of a suitable thickness to
provide structural stability to the battery 1508. In general, it is further understood that each of the
magnetic shield portions 1512a and 1512b can be the same or different thicknesses, as desired.
As 1t 1s further understood that the magnetic shield portions 1512a and 1512b generally sandwich
the battery portion 1509 inside the case 1540, the magnetic shield portions 1512a and 1512b
provide similar structural functionality to the battery 1508 as the structural element 1350a and
1350b 1n the battery 1308, however the magnetic shield portions 1512a and 1512b further route

the magnetic flux away from the receiver 224 when the battery 1508 is in operation in the mobile

communication device 140.
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[0068] Attention is now directed to FIG. 16, which depicts a cross-section of a battery 1608,
similar to battery 508 of FIG. 5, with like elements having like numbers, however preceded by
“16” rather than “5”. For example, the battery 1608 comprises a case 1640 similar to case 540. In
general, the case 1640 contains a battery portion 1609, which in some embodiments is similar to
the “jellyroll” described above with reference to FIG. 3b. Further, the battery portion 1609 is
sealed inside a sealing can 1645. The sealing can 1645 comprises a can portion 1646 and a
sealing plate portion 1647, the sealing plate portion 1647 sealed to the can portion 1646 such that
the battery cell 1611 is sealed inside the sealing can 1645 within case 1640. The sealing plate
portion 1647 can be sealed to the can portion 1646 using any suitable method, including but not
limited to welding and glue. Furthermore, the at least one of the can portion 1646 and the plate
portion 1647 can comprise apertures and/or electrical connectors for making electrical
connection to the battery portion 1609. The sealing can 1645 can comprise any suitable metal,
including but not limited to aluminum, and further can be of any suitable thickness. The sealing
can 1645 can further comprise suitable apertures (not depicted) for tabs of the battery portion
1609, similar to tabs 352, 362 of FIG. 3B, such that electrical contact can be made to the battery
portion 1609. It is understood that the sealing can 1645 protects the battery cell 1611 against

moisture, and can further provide structural support for the battery 1608.

[0069] FIG. 16 further depicts the magnetic flux 1610 emitted from the battery 1608 when 1t 1s
in operation (for example when inserted into the battery interface 206 of communication device
130, similar to the battery 508 and communication device 130 as depicted in FIG. 6). It is
understood that the battery portion 1609 1s the source of the magnetic flux 1610. As in FIG. 6
when the battery 1608 is inserted into the battery interface 206, the magnetic flux 1610 passes
through, and in the general area of, the receiver 224, such that when the receiver 224 1s held
adjacent to a hearing aid, the magnetic flux 1610 will interfere with the operation of the hearing

aid by decreasing the SNR of the hearing aid (e.g. noise will increase).

[0070] Attention is now directed to FIG. 17, which depicts a schematic cross-section of a battery
1708, similar to battery 1608 of FIG. 16, with like elements having like numbers, however
preceded by “17” rather than “16”. For example, the battery 1708 comprises a sealing can 1740
similar to sealing can 1740, however sealing can 1740 comprises a magnetic shield portion 1712,

which has a similar functionality to the magnetic shield portion 712, in that the magnetic tlux
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1710 from the battery portion 1709 is routed through the magnetic shield portion 1712 in order to
route the magnetic flux away 1710 from the receiver 224 when the battery 1708 1s in operation in
communications device 130. In the depicted embodiment, the magnetic shield portion 1s located
on a face of the sealing can 1745 which faces a receiver side of the communications device 130

when the battery 1708 is inserted into communications device 130.

[0071] In some embodiments, the magnetic shield portion 1712 can comprise a plate of a
suitable high magnetic permeability material, including but not limited to Mu Metal, attached to
a face of the sealing can 1745. In other embodiments, the magnetic shield portion 1712 can
comprise a coating of a suitable high magnetic permeability material, using any suitable coating
technique, including but not limited to plating techniques, spray coating methods, heating
adhesion coating methods, chemical deposition methods, and the like. In some embodiments,
other portions of the sealing can 1745 can be coated with high magnetic permeability material, ,
including both the can portion 1746 and the sealing plate portion 1747. In some embodiments,
the entire sealing can 1745 can be substantially coated with a high magnetic permeability

material, such that magnetic flux is largely contained within the battery 1708, for example see

FIG. 18.

[0072] Attention is now directed to FIG. 18, which depicts a schematic cross-section of a battery
1808, similar to battery 1708 of FIG. 17, with like elements having like numbers, however
preceded by “18” rather than “17”. For example, the battery 1808 comprises a sealing can 1840
similar to sealing can 1840, however the sealing can 1840 comprises a high magnetic

permeability material, including but not limited to Mu Metal. In other words, the sealing can
1840 is manufactured from Mu Metal (and the like), rather than aluminum or stainless steel.
Hence, in addition to sealing the battery portion 1809, and providing structural stability tfor the
battery 1809, the sealing can 1845 also functions as a magnetic shield, similar to magnetic shield
1012 depicted in FIG. 10, however, located inside case 1804 and further providing structural

support and battery portion sealing functionality.

[0073] While in the embodiment depicted in FIG. 18, both the can portion 1846 and the sealing
plate portion 1847 comprise a high magnetic permeability material, 1n yet further embodiments,

one of the can portion 1846 and the sealing plate portion 1847 can comprise a high magnetic
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permeability material, while the other of the can portion 1846 and the sealing plate portion 1847
comprises another material, such as aluminum, stainless steel, and the like. In each of these
embodiments, the element (i.e. one of the can portion 1846 and the sealing plate portion 1847)
that comprises the high magnetic permeability material routes the magnetic flux away 1810 from

the receiver 224 when the battery 1808 is in operation in communication device 130.

{0074] Attention 1s now directed to FIG. 19, which depicts a schematic cross-section of a battery
1908, similar to battery 1608 of FIG. 16, with like elements having like numbers, however
preceded by “19” rather than “16”. For example, the battery 1908 comprises a soft sealing case
1945, the battery portion 1909 sealed inside the soft sealing case 1945. FIG. 20 depicts a
schematic cross-section of the soft sealing case 1945: the soft sealing case 1945 can comprise
layers of flexible insulating material 2010 and flexible foil 2020. The insulating material 2010
can comprise any suitable insulating material, including but not limited to polymers, of any
suitable thickness; the foil 2020 can be of any suitable metal, including but not limited to
aluminum, of any suitable thickness. Furthermore, the soft sealing case 1945 can comprise any
suitable number of layers of insulating material 2010 and foil 2020, in any suitable order, such
that the soft sealing case 1945 protects the battery portion 1909 from moisture. For example,
while 1 FIG. 20, the soft sealing case 1945 is depicted as having 7 layers, in other embodiments,
the soft sealing case 1945 can comprise three layers: a layer of foil 2020 sandwiched between
two insulating layers 2010. In any event, it is understood that an insulating layer 2010 is on a
battery portion side of the soft sealing case 1945 (1.e. inside) such that electrical properties of the
soft sealing case 1945 do not interfere with the battery portion 1909.

0075} In some embodiments, the soft sealing case 1945 comprises a flexible pouch, with at least
one side deformed to provide space for the battery portion 1909. The flexible pouch can
comprise two sheets of suitable material, which are heat sealed together with the battery portion
1909 therein. Furthermore, it is understood that tabs of the battery portion 1909, similar to tabs
352 and 362 depicted in FIG. 3B, can extend through the soft sealing case 1945 such that

electrical connection can be made with the battery portion 1909.

[0076] Attention is now directed to FIG. 21, which depicts a schematic cross-section of a battery

2108, simular to battery 1908 of FIG. 19, with like elements having like numbers, however

18



P g pey P S gl gy, el

b B b FLER R R R e L L AL L L Sl

CA 02768209 2013-04-19

preceded by “21” rather than “19”, For example, the battery 2108 comprises a soft sealing case
2145 similar to soft sealing case 1945, however the soft sealing case 2145 comprises a high
magnetic permeability material, including but not limited to Mu Metal. For example, in some
embodiments, the soft sealing case 2145 can be coated with the high magnetic permeability
material using any suitable coating technique, including but not limited to spray coating
methods, heat adhesion coating methods, chemical deposition methods, and the like. In some of
the embodiments, the individual sheets of the soft sealing case 2145 can be coated with the high

magnetic permeability material prior to being heat sealed together and/or deformed.

[0077] In other embodiments, the high magnetic permeability material can be incorporated into
the soft sealing case 2145 by replacing the aluminum foil (and the like) with foil comprising the
high magnetic permeability material. For example, FIG. 22 depicts a schematic cross-section of a
non-limiting embodiment of the soft sealing case 2145 comprising a flexible layer 2220 of a high
magnetic permeability material, including but not limited to Mu Metal foil, sandwiched between
two flexible layers 2210 of an insulating material, including but not limited to a polymer

material. In these embodiments, the thickness of the layer 2220 can be optimized to balance

strength, magnetic shield and flexibility. Furthermore, it is understood that the soft sealing case
2145 can comprise any suitable number of layers of foil 2220 and any suitable number of layers
2210 of insulating material, in any suitable order, though generally the battery portion side of the

soft sealing case 2145 comprises a layer 2210 of the insulating material, as described above.

[0078] In some embodiments, as depicted in schematic cross-section in FIG. 23, the soft sealing
case 2145 can comprise at least one layer 2320 of flexible metal foil, including but not limited to
aluminum foil, in addition to at least one layer 2220 of high magnetic permeability material and
at least one layer 2210 of insulating material. Incorporation of the at least one layer 2320 of

metal foil can improve certain physical properties of the soft sealing case 2145, such as strength.

[0079] Persons skilled in the art will appreciate that there are yet more alternative
implementations and modifications possible for implementing the embodiments, and that the

above implementations and examples are only illustrations of one or more embodiments. The

scope, therefore, is only to be limited by the claims appended hereto.
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CLAIMS:
What is claimed 1s:

1. A battery, insertable into a mobile communication device, said mobile communication device

comprising a radio interconnected with a microphone and a receiver, satd battery comprising:

" a battery portion enabled to provide electrical power to said radio, said batiery portion

emitting a magnetic field when in operation; and

a sealing portion for sealing said battery portion therein such that said battery portion 1s
protected from moisture, said sealing portion comprising a magnetic shield portion
arranged relative to said battery portion such that magnetic flux from said battery portion
1s routed away from said receiver when said battery is in operation in said mobile

communication device.

2. The battery of claim 1, wherein said sealing portion comprises a rigid sealing can, providing

structural stability to said battery.

The battery of claim 2, wherein at least a portion of said sealing can comprises a high

o

magnetic permeability material such that said magnetic shield portion is structurally

incorporated into said sealing can.

4. The battery of claim 2, wherein said sealing can comprises a can portion, for containing said
battery portion therein, and a plate portion, attached to said can portion, for sealing said

battery portion in said sealing can.

5. The battery of claim 1, wherein said magnetic shield portion comprises a coating on said

sealing portion,

6. The battery of claim 1, wherein said sealing portion comprises a soft sealing case.

7. The battery of claim 6, wherein said soft sealing case comprises: at least one flexible layer of
insulating material on at least a battery portion side of said soft sealing case; and. at least one

flexible layer of high magnetic permeability material, such that said magnetic shield portion
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is integrated into said soft sealing case via said at least one flexible layer of high magnetic

permeability material.

8. The battery of claim 6, wherein said soft sealing case further comprises at least one tlexible

fayer of metal foil.
9. The battery of claim 1, wherein said magnetic shield portion comprises Mu Metal.

10. The battery of claim 1, further comprising connectors to said battery portion through said

scaling portion.

21



CA 02768209 2012-01-11
WO 2011/006233 PCT/CA2010/000508

MEMORY BATTERY

MODULE INTERFACE INTERFACE BATTERY

( ( ( (

202 204 206 I 208
AUXILIARY /O

212
N  DisPLAY REYPAD ez
RECEIVER
220 1 SERIAL PORT
FLASH
MEMORY [ — 214
226 ~~ MICROPHONE MICRO-
PROCESSOR RAM

OTHER
¢30~~| SUBSYSTEMS

SHORT-RANGE
COMMUNICATIONS
228

COMMUNICATION
SUBSYSTEM

130

FIG. 1

1/16



CA 02768209 2012-01-11
WO 2011/006233 PCT/CA2010/000508

FIG. 2 (PRIOR ART)

300

—»  Current Flow

— Current Flow

FIG. 3A (PRIOR ART)

2/16




CA 02768209 2012-01-11
WO 2011/006233 PCT/CA2010/000508

392

310

362

240

350

290

FIG. 4 (PRIOR ART)

3/16



CA 02768209 2012-01-11
WO 2011/006233 PCT/CA2010/000508

510

008

FIG. 5 (PRIOR ART)

510

206

FIG. 6 (PRIOR ART)

4/16



CA 02768209 2012-01-11
WO 2011/006233 PCT/CA2010/000508

510’

o a o a Anbdnad Ao AR A edd Al AR AR ARS AL A na s anan Al a T
Amdmarbambed A A B Ay - Avdud b,
o A AR Yiywiy v
Mded d 4 o bl 4 - ey vwywy Y v L aad v VEVPVTYY b o e Ak o 4 bbb 4 4 W Al e o 4o o g LAl Ah Ba on 4l v v
rav------.av.-o-a-.oo-ov-Ov-vv-Ov--oooooovoouovrvororoovovrrosovuooono.rootuonoronovvrvvo“ovvuovrvn!vo-vuouou-!ov-uv-“---u-vuvov-u-v-----vuv-u-vvv---v-’v-‘-vﬂ-0!m--v-q"vvv-'vvv-v--}-O-Nl--l"-‘l“"0"03.0.000.00010.0“1"1"l"
¢ A Sy A A & A A - - - wursdbd A mdrbalt e w4 v & b = drh &4 bl it bt B EEAS AAA P ARP AL A A AS Y o e - anan
r.d
VARG  § P Y PPN TEVTY VY Gy WYY v vy v VYV vy v vy ¥ ey - Y v vy e Y A "o g W T Y S r
B P TP N Y I T T Y Yy Y N Y Y Yy ey Ve Y Y Y e Y Y Yy vy ey y Sy e I r Y T Ve Ty r vy wr Vv ey Are ey T v WPy Ladddalan al as bl
S Y I B g S L A A A Ay e §  ph mhd hAD n AAA MM RaR A At AL A ARRALAARAR L AREAL AR ARAR RAAR TP IT I PRSP E PP SRR AP P RAT PP RN EP TR LITTEL AT A 'r-|"¢rv."v-vv!’7'--1--vnqln-‘nlc--c-lc..(hlbol'}
el & ik ik itk et & G $ b & A Ak A ddi s Al A A A B AL LA G - -y —h — — b wreer » - v v bubrw fvh b - . 4
—— T
Rt MV 'y v v'u ¥ vord P v v v v Wiy Vil v viv § vV vy TR v IS v PP YV YTTERANY LW 7% - v § Yy v Yy TP YT Y YRRy — VY v bl 4 ey v Y Y rYwy ' 4 P———T w iy s d g YrrrWv =l e Ay ey VR PPV - Yy Y E
e T T T L L L L L Ll Ll AL L d L R T L L e L L L L T T L e e e Y e T L e e e E e L L L L R R R R R T L L L L T L R L R R R LIl L L e L R L AL ) tevyyreyy
1 - FVY L L P e e o T L T e Atk by & - am—aypam — Anmaaana »na s e L] Tewmyrhusse swn=ré=rhd==riv¥
4 rend
Ry W ey = Y P S Y S Y T Y Y Y Y N Y Y Y Y T W Y Y P Y e e A PN YT Y N Y YN WY W VR Y Y W w vt vy v v h v e vy r R v v vy vy v v v v w R = AP v PRI § - sV v S PR T L S P PP PRSP PTRRTY P} SR PPN IR YT R PR PR R S Y YR P S A VYD S P VWY Sy r ey ey ey e e p ey s e v gy ol
bvv.vvv-v.t---v-)v‘-.c-vv'11-4000010‘00"0"Cdv'Otv')CO)’QO:OO‘-OQDOODODDI’O‘DDOQOIO'D'D)009'DOQC'.!!OOIOIOCOC‘IOCO-OO’O!l""‘)""!l."l'0""!l"l’!!.l!'l"!'l'.'l'!l!..".'..'.'--"-‘!"!"0'""l"l"l"'!"""""'7..““"""""'"""""!"".""“""""“"“'d

\ A\

FIG. 7b

5/16



CA 02768209 2012-01-11
WO 2011/006233 PCT/CA2010/000508

510

708 206

- 712

FIG. 8

6/16



CA 02768209 2012-01-11
WO 2011/006233 PCT/CA2010/000508

224

FIG. 9a

FIG. 9b

7/16



CA 02768209 2012-01-11

WO 2011/006233 PCT/CA2010/000508
1070 1050 1008
1013b
1090b

8/16



WO 2011/006233

.04

GU3

DO2F

001

MM

N

CA 02768209 2012-01-11

PCT/CA2010/000508

t’.

FIG. 11a

001 002 003

",
",

T AR R R AT T X T EEEREI RS,

Dé..ﬁd MD.&S

T

R
4

e .

J

........ [ Wmhwmuui

{ L1
B Bogs gt

N T
QU1 002 Q02 003 O

FIG. 11b

9/16

0%

004 0045 005



CA 02768209 2012-01-11
WO 2011/006233 PCT/CA2010/000508

4 >
.......................................... ® coo oo cm e uis s oo e e oo e o eop oos R IR RO

“gjjgi s T TS . S . ) | y
005 084 003 U2 -QU {J 0017 Q2 003 04 005

FIG. 12a

SN S T |

00005 oD 05 002 0025 003 0035 004 0045 005

FIG. 12b

10/16



CA 02768209 2012-01-11
WO 2011/006233

PCT/CA2010/000508

1308

LA d

,--Q--ccuu-u--"-u-l.J

- s v chvnndvadddaRiRAtAn AV RNSESPRANY Y Es e st Rm R s A AR PRt s R AR AT A A ASARA NS AAL S IR TR ESLPRAPARBANAANALSEARNI IS AL EN I
A J— —t
.y b e 1 Y vy vy . 4 . 4 . 4 e T T T T T T T I T T T I T I T T T YT Y Yy Yy YY vy wrew hd v . . . LA e b aad o s ha e o sk oo ad b d han a4 - hanh 4 b g Bk ks v v
yov v ———— - v—v v vv PV TP TV YN W VY YV SN P T YUY VY R Y Y Yy vy v § VY v W VW Y S VY SR Ea Y Y VYWYV YYYYY -y Lanad v v ' 4 baaa o s dd oo dd o o ndane bad ot o b ad bold
Rahakaad Rl e e L e e e R I L e S EL A AL L RR Sl Dl RS ARl AL Al e PPN PR NN PP UT I TN NP PP AP A r v Pt b v v vy v ut t 4t A r At r A PP A PPN P PP PP PAP P PR P PR RN TP RN o pe s rpapuNpasssnarpyesssnrgesdsmrrrrdravrrrrrdddniipdvel
1 PARPAAAEEARE S AA bk i b A ey Ak Ak G A & 8 Ak B Al At B S S A AL BA S A T Y AN Y PR NN A N A AR A A A AL PR AL AA AR A IR AR A A AR AR G AR Ak Ap AT ALt A S S AL R AR S & ALS LA s T T T e e e L L B 1
1] - .
E R vav Wy VRS =Ny = Wy e Wy = = § ¢ SPVIPE S YAAY S T T YT YT Y e vrrevvwrireh v VWU TV Y TV O Y e e T Yy ey vy v vy vy
1 (YR VYE TV 7T CVVEY YOO WE VIV Yy vy wyywrweyrvwys 3 vy 4 W vl viyts T v VN f w T o F ST ST SYVE TTTTTE YV S ST I TP TTT T TT T T TYTET T Y SR OV YV YOOY S TTVE VYV TV VWYY &9 STV FYwre 7T e 7 » v v Vi v v rr WY WTWYARAAT FS Sva e
A LA AAS AN SAE 44 EE 0844444 AMIARN G0E MASES e m bbbt andos tbaddetdand P4 APV P IV IV RIT P P P I P AV IR PP PR PP PR P NPT RA TR - vratttassarae
! A s st v b s oy s b e a4 P & el Al P — s S, e -
e w Vit v Y P v SV AR g 47T S T Y ey, -y v v rry v ' v A aaad Aol bl st o d ot b dh B addhddddod b d b dun s d dednk 4 d -y
1 geSssApEsEsEEpEgEERRRREpEY e sssssspusssssstanaveny SRRRANENPRITQUINSY SEssssssssEgEeErrary vhymuvrdppis ARFALRAGISSIIIPRIAARNI RIS
. N
¥ s sbvwivdrrived v AL S e e e SRR L L h ol g Y— Ty vy - v v tansddaldasl o TAZd S ol b okl anh ol bl ol ol Dlad s v vy
P ISTILIS LIyl NETsssgsspusqugesnayey dpdqesdaliitaioannnnanns TAEPPRRENEEBINRERIENPORRREEY

FIG. 13 (PRIOR ART)

11/16



CA 02768209 2012-01-11

WO 2011/006233

1450

PCT/CA2010/000508

1408

Dl Sl B B B Bl B BB B B B AA A Ahandakd ALAAAAAnAALAARARBBALAARARRBANAALAANARARRARAS = SLLSLSLSLIMAY L L S P PA—— P —-1
o A P —— A e A Ambhh —
v ke’ vk e 4 — -’ v e 4 vy Wp———— Ny ey ey ey e iy iyl bty W
v " d a4 o WPy P — o ——— TN YYYY rvw RV VY Y Y v M deh o b d o dd b o 40 bl o ) o b 4 MAAA AL AL A4 s dd dd g W v L4
y v hdubpuy v - Aubunnrsbdbrarrgbdrbrindtrrbe bari b a bd IR IR B R4 I R R R4 d I R I R4 4 I I I I I I I I I L VN PN PP P P PPN N P PN P NN N g P P PPN N PR T P PP PP PPN R T P RER T PPN EN R TR E TS S N s VIR s sy s s s vas s rhunrranntdugunsssvntndidss dudanndae
St el AR B A8 44 ABRARS 4+ ARAS 4 -
Mhded 4 Ad bl 44 4 4 g v ey vy Y v e WPV Y —— Y —— W — — nd e v
Y Y ey » ey v Ld L g Llad Lda o d o o d g revirveeyvr LA LA LA A B A d d ol Bk & o d bd ek o Ay YT YT bk ek 4
e oy &b Sd Bk SADANIE I Sl i Sl A Sl B Bl Bl baaa bl bl Ll ELl bl - PrANQUEnPIRARYYsYsvh ry YT N p L
| PPV i el
SEEEPReDIPER PeRPIBPEIPYS PP ITISYIsgug v infdw Pronddypedtds EEREL b o ol o R TRE 14 22233443
ey Wy v Y g v v Laad W ————— NP ——T - Y— vy v
buamuqan muvSSSRNPY PRAIPPPPYRYY e et rvtverrbs P r P 14 FEE I s P FO S MO R S O R 0 0 PPFRPRERPPFER “yuvavvengey

1412

1510

1512b
1540

1

409

1508

———

v v Wb iy iy
aaahd Ao b b o by 4 14 ad baded b dh A b Bh A d Ah A d dd A A dh A4 d Bk 4 At 44 4 g VT T T Y T Y Y P T T T T e T T T T T T R Y Y T T R Y Y T Y T R T T T Y Y T Y Ld oy LA 44 g dd o dddddddd o d g Y L
r@"“'.."‘""...‘.."""‘I"0“......'0!.'..'...'0."C......‘....'..".‘..'...""l.‘l.l..'...".."'."l‘l".l.l'.""l.'.'D."I.'.I..I'I.Ill'..'M...'.”....I..Il..‘lll.l.“llll-.I.I.lll.‘l.llﬁ‘.‘l.“l“‘lh..ﬂl.-l.ﬂi0.-'.-I-ﬁ-‘..-ﬁ-.-.----l-.ﬁ.‘@q
PR PR P a— R oy A A P Pt il
v v VYTV YYYY W o o o e o T Y Y Y Y VP VT VY Iey Y vew Saa o lo o o ad. o g 4 v v vy v v o'y v
ERARWPIERTAFANINP rmmy YN LR AL LLLL L. L)) AAAA AL L L L L L) PRRAARRARRL AT 11 wissdPpongury 1
b . A Sedrid oy P T O R P P T P U TP T PP U U S S O Sy (R S S 1 Sy Yy G— gy P AdA ]
r W Y Y Y wvirey v v ey b 4 S ——— Y v Rl 4 Y Y Y PV YV r——
v TV LA ABA . Aas B A 4 e 4 B e d 8 . Lk A 4 YV TV T T T T T Yy Y Y Y TTT TP T e T YT Y Y WY -y v oy v s aaal
— — v v v — VYV —Y M ded o d A bl 4 o g W Y Y e P Y YT v
l Ak b B A Ad BAA LA Al Aa Aad bl bl B Al Ad ) o) TTTY YTy v vy TETTTTTY YRy Ladl o a Al A ) v ey v ad v YTy ey v W PN PV A P PVl e vevrrrryivivey MMM A A AL A A d A d L L e . e
SEVSENTNIVESV ATV IV FUSASYRTEE e N N N A P N P PN N P P P AN S PP P P P A AT I AT A A A TN AT AT NN NN AN PATNIV AN IR ANV ITNACAVAIITINAARINNACAAR A AIRAAITRA P A ARAR A A A S AR r 4 AR AAw A AR A At vdsndbvddvdvibdsssssdstb s b rdwvir e * - - "'I--I‘.“‘l‘.l"l.l'l.l.llJ

1512a

12/16

1509



WO 2011/006233

1647

1747 I

CA 02768209 2012-01-11

1610

PCT/CA2010/000508

1608

VY —— ——y

YV T WYY —— —

W o - Lol L]

W — T —

TN ST T T T T T Y T YT T Y Y

A S TS TR T
pgaar ARRAL AR R AR A RS LA R L LA 0])

haa BAd LB A8 A8 BA LA As vy

TrdaigdinIaINSIaIN

b ad LAA L A R AL L A o o d Aied . o bl 4 o Al 4 Bt 4
grevsgeugraprragrias ddnngbdpguhgnddndhda ) vddaN st dda ST PR R R PR P AR P PRRYERTINAY HMYINNAIVAINAMAANIIANRIT P Y

BPSPPARAP TR RPAP VAP P

v yywy v v Yy

WY T T Ty

HEFRFIFIRI ISP

TPy vy v Yy vy L4

sywrssgpruwpspusrvrrrs Pavrbrrddd P adrbdabhdd b dd B an A ddddialdd4eaNEaMaaaas s A O R P PP R P PRV PR AP PRATIVPITIITIPIVNNNYIYIVAINE M YA Py 'j
—y - R

T T Py Yy Y Y

¢ b v Prwire v by
Aa A Al Al Ll ddl ) .

Mranratrunnd whbbpbnbdnbebbatistas

wrgryriysnl

v

ST YT TN T PTLTTTTTTTTE wwpududnw

A s b e i, i k.

CnAntbb dARAA S 40 & drrddeirdd A R4 + S S 4 4 WA W

T Y N T T P P T VPP VT T v v e s vy #vve e e W e R T Ty

o mhd g gy i A w phnnnnhh bbb ndbd AR A AR AT Ak LA A AR A A UL SIS B LN L Y

FIG. 16 (PRIOR ART)

1710

1740

1708

f swebébvrivetaviavavvis sébrsvvévansvwssbavabanrw

na— VT T TR A T VW TR A A A www

SussssswqEssyvEsETTFEE g sEmregssssragprenny L] v wromyy v

PAAAR LA naddd b anad b b nbagmd andg b bnbhe andnad php ahyhedy Ay nbla pm agn gy s mampa 4ond- +-

-

VO Ly v = VYV v v ¥ AP A et YT PR e rvh rvey evts v s et
Sadasddandandddad, Lo L] Ty v ¥ + haad LARAS | YTy

L4 LA MRS S Al an s g

i,

%

ey Ak 4 ey

(2244 2 ST AT AT IR R R T AT TR TR Y 24 144

ladbaalbasanannd Ak ba s bbb s ot b andad ah bbb ubh b o bl bl an s d o alesd o b b ol )

T nI ToooooooLoo T

R TIRT FTT YT ET T FRM AY LA TR R YR PP A b r Y YRR b SR S h eV e b v A“hm.m"”“h""w“*"ﬁ”’}

yuypy R P T N T T T P e T T P T T

-

shtustddvrnbddnvntbvimal

ARBARAGAAR KON AL AL LLLAAR QALY AN =N W b e verr b i d A A v A Aa A ew

A A S A S

PUTS TP PP - VT e VTR r VY 4 T v v S b v VS b 4 e ety v el e e $ e Y e e v
ramby AR A LA L LA Ll Ll LRl A

e ———

CL LI LR I LR R Y]

Y v L v v v
R4St Evataee ARL AP NIRNIPRIN SRR IYARNYy

bt

PP S Y W Y S W——y -

PAF NV ALLGYRARIRSVATINS T OSSR NSNS NAAA T ERE T TAF M

A A—

PRy o

FIG.

13/16

17

1712



WO 2011/006233

1847

1840

CA 02768209 2012-01-11

1810

PCT/CA2010/000508

1803

P T T T T Y T T I Y ey WP

W Y Y Y Y T Y Y oYYy Y vy v

Aunvesvveuvy PPN IP PRI PP RN T TP PRI IR YRR TR TR huguyp ey shyd e 4 Ld g ddd il bad

pYVRnyuypnynygupnypnynyyrinnnpyrinnnvindpnpuividbifodiddvanis

At e b b A & bbb A, - - PO—— — Adre (Y Ty ——_—pa

Ll “‘1

1 4 - e W e 2w s viee® S b v vy S8 v THRTTRE T TN T T T T T IR Y Y TY YT Y v rr Ak Al 4 h g L4 - vy - Ladaa ddddubd dld o s dudd yTTTYTT RTTTRRW W YYTYTYYTY v Y
T T T T Y VT AP AT S ah a A dass ot > ver e aad TTTYTreey TV VR r e v e v v v W e P T P TR R PR Y YR T SRR T T P PR T TY TR YrvrerTYYY l
Pa—— Aldde nhhd il b,

> (PP wp— Al o bl ipn BA ¥

B A DAL RRAMARAALALMULLMUMMLMLSS 454 AYRAFAFA LA RAFERE R RN TP RSy

— s wread hade sanles wlr s b b o i b & - -t » ha o ok o ol s k. -n han L1} Avubdunuirnd vie - Fosr At S ¢ PAVAA S v 4 HAAA AL VA S

-

Ty Vrwwy L ad

T ' ) tanbad o o ol o s d o oA ad A A A A dd LA Sl Ad Al e B -y — v L4 L4

e LALAL AR AR AR RN RRYL)

AyPvssssssnssnsngdnnqeqenres T L

bl L b A L2 23 o

“passspaaaaLs ..

proavessnsrradrrgurarasratursd pred b b IMA SR b NN AR R RERNE NI AR R4 44404444 PAI IS " PRI TNN IR RIPIN I g P Y OY

PARBE A A=t P R AARQAP AR AR PR R QARAPAPALMALP AL LLL & LAl BB APAGs CAAACGABCAPLAARAALAAP NN IT ARSI IRARIA“ LRSS SIS ARRARTART~BYRYIRaAYYatrararhdti~a

v v v VR e ® MY

w e B B8 b A ARl e At A AR AR Pk PR LA

- wtmmwvawhibtvithbs

VNPV AT v o VA T W WYY Arery—ry w—y Yy v v e aRianabads
. TeIspPILITSITYY ¢ yevsssvesquaqrrnsrdavandPardrd BB N tRRiabd L R L R N L R L R R L PR AL E RN (L]

Vo W NN W iy TP YA vy SRS < § VEPTY YW TV GRS L W " W e Y N Y e Ty Y Y TT Y Y Y Y
slsssssssvavavadasaprgrtrrivivrivrnbvripre-tsttrird

R

!

L—ﬁmwmm.nmmspmnm.mmmm - e L * e e — IMQPAARIAEAIPAF I AR AT M P SA MNP

"

FIG. 18

1910

1908

rEREPARRRES shasbbalossndbonwaddddde rérvawvetrivatrrrrrén ssshesspesspqesrasrrivranrranapany

~Y W WY PR PR CE W YT YT P YT Y VWYY € ey Y S § @ S SRS ST W e L F 2 Y S T eTe——e. £ .
e yvy v v - ryvyr L all Ladaasaal oa s EEEL ol I8 o e e aa SO dd Ll e LT E R Rl e as ol o bl o bl ol e e a d Dl o Tl SO oo Do o1l o Sdd e st L

.y wassyey

A A A S A A ~—_

-

T

b and 4 Lk 4 Vi v v

BEASNNRAREE BRI vaady Tedticviwer vyvésdvévyetvyrururuarbanrasbassnnnns
IR S LR RN PR LR S Y L TR [ R ET TRRY 22 3 +4R4PRtvavriavinddunbastrpidnnsdunnnns sérssyisvssdvranyuryayps

TrsvIvIvrvargays

Wbyl v v
wpuyew - vews m"._v.m-v—-mw mwmmwvwnﬂmmnw]

RN FIEIII Y PRI Y YT PR YR

sssssyymsweveprery v-.,---,-’]

bovmmas ava s A BA SRS SRS ApALALAS AL L A B B A B A A A Ak A AR AR EAR AL AL by b o Sy AR R AR R e b bimdnd bt bt ud bt sacab s by my e ybe mmmynmgmrtdrantnd b nrydmy =

Chm e s sk s b R AR e e i 0 11 P b N S e R R L T S S TR R A TR E T T EA R A S N RS R A S Y R A Ay AN SN A GARARE S RARE S AR BLAELE I LSS RS PRI AN AARARARS S AR LARSRARARR LA AR ...u.l

v L AR A el & Al 4 Ak Ald 44 TR Y Y b aaa s saath s o d ot d ol assnda s o b bl B E EEE L Bt B

Pt raw - - T v - -

s s & s S - P AgmL gy bt Bl BEL L Db Db L R o b TV L L R o o T o d o - - - r—

PV Y & g ey g ey wY S PEETY FYY VY VS VR § Y L VY S e S PWETY U R g g g g o T S P Sy vy S5 = vy PR P vy rr v Fr v v v v vy vy v
Fe e g e s e P P R PRI P S RN PR RN ORI RN S AN R NP RN SRR AP AR NN RN P ARt I BRI +RR IR IR IR I darandarrwdbr bt tvidr i vivrrrryugdd e uunutdda an o gusessasssqrryrers rApnpary g s smpapesp eeguageqersqeqesysrypry “ray p——

P Prrr V- vyrrrrrér M vvirrr=vv vy

N~ —

FIG. 19 (PRIOR ART)

14/16



WO 2011/006233

2010

P 4
1945

CA 02768209 2012-01-11

S SN SN S KK S K S KIS
1000000000 %0 %0 %0 %0 %070 00 20 %0 20 % e % % 10 %0 00 %% $e%% %% %!

£y )

P AN W W W W W WA W W WAL W WV W P W W WA W AN YL AW N W WAV AV
’:‘:‘:’4’0‘0’0‘0‘0‘:’:‘:’:’:’:‘0‘0‘4‘0’:’:’0 00020 %0 %0 %0 ettt b vt et s

SRRRIREEREREIRHRRESAREEK KKK

R e R sy

0. 0,0.0.0.0.00.00.009.9.9.90.9.9.0.00.00.0.9.9.9.9.9.9.9,.0.9.9.5959%%"%

FIG. 20 (PRIOR ART)

2110

PCT/CA2010/000508

2020

2109

FIG. 21

15/16



WO 2011/006233

2210

2210

CA 02768209 2012-01-11

P 4
2145

FIG. 22

@
U

’7 o, T‘?’T‘Y’?‘T‘?’V‘? 7‘7“7 N V‘V"V‘!’,’Y‘V‘V_‘!""V_‘_"’V‘V’V*V’V‘T‘V‘V¢T’V‘V’T“T“=
RLEELHRLRRHLRLRLLIRLRLRIRRLLELRR LR RRLIRR

2145

FIG. 23

16/16

PCT/CA2010/000508

2220

2320
2220



1740

1747 I

1710

N T e T T T T T T I T T T T I Y T T T Y Y Y Y T Y T T Y T T - T T T T T Y - YT r T T T Y Y s Y Y I T T rr iy e A YT Y YT T T T Y Y Y Y

TV T ITY T Yy

1708

f\-..v-l-'#lrbnv-rtbn0.-1‘0‘.v-l'.h¥"br0--v---r‘tﬁv-r-b----r'l-.--v-'t-r-‘--n---t.--t---n--‘t---‘l----‘l------l---------t-l-n---ﬂ--thlnt--ti--tw-wn---n---t---.q--nr‘ct--'t-,l-------------,,'-,-,.’-w-w,-,---,,------nn‘r-'-ct--n',-nst'-- v L yre=ypy v

TSy v= v v VYAV w ¥ w PP PP e bas o d

PrApAREpLasbibinnnps dnqhnfmd mafp e e p e gl pat pht migdaty fhoppepio posgelpgmpnsage gyl gass *Wmmmmnnmlmn MM MMM Ml M Al ol b el MMM S AL § TR L7 T IR L7 M T ?

Bl e Sl Rl A5 Sk B B I Al B Al e B a - Py PO PP R N Py a o Q 2 ™ o

Y=y —— v ad W bl b o ] Im‘ﬂ'““w""w—-‘m'ﬂm"“m""I-"‘m"mm"‘_“iwi“.W.'-’b~b~0“ﬂ'b~'.‘v\.vbUV‘\%A“h%.MrMHH"'-WW*"ﬁJ

(d d D2l 2 d 2 TA T TARIREAd R AT TR 4 2 4244 ssdwravsnvsssdembmsmenendd s R NN E N EF N TR I IR IR IR IR I N AT AN N P I IR I RN IR I IR I I ST SR S S TR NN I TR IR RS PSS TR e

we ymyppw LR N e L e T T T T

-

EARAREEAS TASEAARANANARAEERERERAEAE AL AL ARG RS RS R AR R by B SR S B B S e S Bl B B B0 SR SR S Rl B e S Sl Bl B B 5 Bl Bl © e Qe Sl Bl Bl B 0 Bl il hibaiide b M0 AR PAR AL ARSI AV A A A M AL AR 4t 4 et k=i e phmgpn baegeempptiividtdrirdahvssunss st st addnsntfsim e

L L T TRV JRT THRRT S RSy SEUR NI BT ¥ YIRS WSS SRR YN T SIS U SIS SpS—" T "y 4 Fa— 2 4

W —

w e vy oYY MR A d & Aad

P oy e gy g ST M W TP M S MTE TR R T AR B b T AT S B SRS B AR Y B A Bieh A kA bh AR A RARARE R il b b

-y

B T P P T T R T T R P T e T T P e Tttt AT MIICHITCEYERIYCCAICEPP NNV VINENEVINYRYRARN NN l‘\ ] '1 (121] ] llllll”\'?\??”if? YAt 1A M AR IR NI NI R AR RO Y Ill ] lllt.f’.l’lrlﬁir d a4 1d dddd d N1 d 1]

et £t bk AR AR AR AR d miahbanhhd § bbb b bl dk e 4 Agndyas ks n sk -
bl St e .

apbmntnhadmbnmiaiolmdnibmmi ‘v e A Y A (W Y N o el W e ™o w Wl "l Y el ey el el
by yhmay Y

1712




	Page 1 - abstract
	Page 2 - abstract
	Page 3 - abstract
	Page 4 - description
	Page 5 - description
	Page 6 - description
	Page 7 - description
	Page 8 - description
	Page 9 - description
	Page 10 - description
	Page 11 - description
	Page 12 - description
	Page 13 - description
	Page 14 - description
	Page 15 - description
	Page 16 - description
	Page 17 - description
	Page 18 - description
	Page 19 - description
	Page 20 - description
	Page 21 - description
	Page 22 - description
	Page 23 - claims
	Page 24 - claims
	Page 25 - drawings
	Page 26 - drawings
	Page 27 - drawings
	Page 28 - drawings
	Page 29 - drawings
	Page 30 - drawings
	Page 31 - drawings
	Page 32 - drawings
	Page 33 - drawings
	Page 34 - drawings
	Page 35 - drawings
	Page 36 - drawings
	Page 37 - drawings
	Page 38 - drawings
	Page 39 - drawings
	Page 40 - drawings
	Page 41 - abstract drawing

