wo 2017/087785 A1 [N I 00000 OO0 O

(43) International Publication Date

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

(19) World Intellectual Property Ny
Organization é
International Bureau -,

=

\

(10) International Publication Number

WO 2017/0877835 Al

26 May 2017 (26.05.2017) WIPO I PCT
(51) International Patent Classification: (74) Agents: MCMASTER, Mark et al.; Kilpatrick Townsend
A6IM 1/12 (2006.01) GOIR 31/36 (2006.01) and Stockton LLP, Mailstop: IP Docketing - 22, 1100
A6IM 1/10(2006.01) Peachtree Street, Suite 2800, Atlanta, Georgia 30309 (US).
(21) International Application Number: (81) Designated States (uniess otherwise indicated, for every
PCT/US2016/062740 kind of national protection available). AE, AG, AL, AM,
. . AO, AT, AU, AZ, BA, BB, BG, BH, BN, BR, BW, BY,
(22) International Filing Date: BZ, CA, CH, CL, CN, CO, CR, CU, CZ, DE, DJ, DK, DM,
18 November 2016 (18.11.2016) DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT.
(25) Filing Language: English HN, HR, HU, ID, IL, IN, IR, IS, JP, KE, KG, KN, KP, KR,
KW, KZ, LA, LC, LK, LR, LS, LU, LY, MA, MD, ME,
(26) Publication Language: English MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI, NO, NZ,
(30) Priority Data: OM, PA, PE, PG, PH, PL, PT, QA, RO, RS, RU, RW, SA,
62/257,894 20 November 2015 (20.11.2015) Us SC, 8D, SE, 8G, 8K, SL, SM, ST, 8V, SY, TH, TJ, TM,
TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM,
(71) Applicant: TC1 LLC [US/US]; One St. Jude Medical ZW.
Drive, St. Paul, Minnesota 55117 (US).
(84) Designated States (uniess otherwise indicated, for every
(72) Inventors: KIMBALL, Brian; 72 Walsh Street, Medford, kind of regional protection available): ARIPO (BW, GH,
Massachusetts 02155 (US). STARK, III, Joseph C.; 315 GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
Oakes Boulevard, San Leandro, California 94577 (US). TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, RU,
THATCHER, Peter; 740 Kearney Street, Benicia, Cali- TJ, TM), European (AL, AT, BE, BG, CH, CY, CZ, DE,
fornia 94510 (US). HANSEN, John Freddy; 35 Castle- DK, EE, ES, FL FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
down Road, Pleasanton, California 94566 (US). ANDRI- LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SF, SI, SK,
OLA, Peter; 5300 Ironhouse Parkway, Number 448, Dub- SM, TR), OAPI (BF, BI, CF, CG, CIL, CM, GA, GN, GQ,
lin, California 94568 (US). HOARAU, Carine; 940 GW, KM, ML, MR, NE, SN, TD, TG).
Hough Avenue, A, Lafayette, California 94549 (US). Published:

ROMERQ, Jaime Arturo; 884 Broadmoor Boulevard,
San Leandro, California 94577 (US). GAGE, Jesse; 12200
Old Snakey Road, Los Altos Hills, California 94022 (US).

with international search report (Art. 21(3))

(54) Title: ENERGY MANAGEMENT OF BLOOD PUMP CONTROLLERS

FIG. 1 18

f 18 Wearable energy

28, 30 {optional)
Wall power
or other Cable & Conneglor || CTRL
{optional) =

6 Battery cell(s)
2

28
Cable &
comnector

SGJ

10
/ 16

30

b 7

Base
Module 14

Wearable energy 30

Connegtor

Conneglor,

{optional) 28
CTRL Cable &
u connector

Battery cell(s) 36.
2

Medical
Device
12

(57) Abstract: Systems and related methods for supplying power to a medical device employ self-charging serially-connectable port-
able batteries. A system includes a base module and external battery modules. The base module is operatively coupled with the med -
ical device and includes a base module input connector. Each of the external battery modules includes one or more battery cells, an
output connector, an input connector, and a controller. The output connector is configured to output electrical power from the ex -
ternal battery module. The input connector is configured to receive electrical power from another of the plurality of external battery
modules. The controller is operatively coupled with the one or more battery cells, the output connector, and the input connector. The
controller is configured to control distribution of electrical power received via the input connector to charge the one or more battery
cells and/or to be output via the output connector.
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ENERGY MANAGEMENT OF BLOOD PUMP CONTROLLERS

CROSS-REFERENCE TO RELATED APPLICATION

[0001] This claims the benefit of the priority U.S. Provisional Application No. 62/257,894,
filed November 20, 2015, the disclosure of which is incorporated herein by reference in its

entirety for all purposes.

BACKGROUND

[0002] Ventricular assist devices, known as VADs, often include an implantable blood
pump and are used for both short-term (i.e., days, months) and long-term applications (i.e.,
years or a lifetime) when a patient's heart is incapable of providing adequate circulation,
commonly referred to as heart failure or congestive heart failure. According to the American
Heart Association, more than five million Americans are living with heart failure, with about
670,000 new cases diagnosed every year. People with heart failure often have shortness of
breath and fatigue. Years of living with blocked arteries and/or high blood pressure can leave
a heart too weak to pump enough blood to the body. As symptoms worsen, advanced heart
failure develops.

[0003] A patient suffering from heart failure may use a VAD while awaiting a heart
transplant or as a long term destination therapy. A patient may also use a VAD while
recovering from heart surgery. Thus, a VAD can supplement a weak heart (i.e., partial
support) or can effectively replace the natural heart's function.

[0004] All ventricular assist systems (VAS) require several watts of power to provide
cardiac support. Thus, patients using a ventricular assist system and their supporting
caregivers or providers (hereinafter “users”) can use non-implanted replenishable and/or
replaceable power supplies to maintain mobility. Such non-implanted power supplies
typically include battery packs and AC wall power converters. The power from these sources
may be conveyed to the VAD via a VAS controller using cables.

[0005] Existing products, however, use several power cables or a single large enclosure
containing both a power source and a VAS controller. The use of several power cables

requires users to manage multiple cables. A single large enclosure is cumbersome to wear on
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the body owing to the relatively large size of batteries and other energy storage devices
realizable using present-day technology.

[0006] Additionally, while using existing portable, wearable energy sources, users have
limited options for expanding the amount of wearable energy storage with present
commercial products. Instead, many existing products employ a single energy storage
configuration, typically a battery of fixed capacity. Some existing devices allow for optional
larger capacity battery packs to be used in lieu of a standard battery pack.

[0007] Finally, for all existing products, depleted energy sources must be disconnected
before new energy sources can be connected. If a failure occurs with an energy storage
system, rendering it inoperable, a user must disconnect the failed energy source before
connecting another one. During this time, the medical device may not have been functional
or functioning at a reduced capacity. Accordingly, improved portable energy supply systems
and related methods that do not have at least some of the above-discussed disadvantages

would provide benefits to users of wearable or implanted medical devices.
BRIEF SUMMARY

[0008] The following presents a simplified summary of some embodiments of the
invention in order to provide a basic understanding of the invention. This summary is not an
extensive overview of the invention. It is not intended to identify key/critical elements of the
invention or to delineate the scope of the invention. Its sole purpose is to present some
embodiments of the invention in a simplified form as a prelude to the more detailed
description that is presented later.

[0009] Embodiments of the invention described herein include energy supply systems for
wearable or implantable medical devices, and related methods, that provide increase
flexibility with regard to carried battery capacity and recharging of the carried battery
capacity without having to disconnect batteries for recharging. In many embodiments, each
of a plurality of external battery modules includes an input connector to receive electrical
power and an output connector from which to output electrical power. The wearable or
implantable medical device or a controller for the medical device can include an input
connector that is connectable with the output connector of a first of the external battery
modules. In many embodiments, the output connector of a second of the external battery
modules is connectable with the input connector of the first of the external battery modules.

The input connector of the second of the external battery modules can be connected with the
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output connector of a third of the external battery modules, and so on in a similar fashion so
as to serially connect any desired suitable number of the external battery modules. In some
embodiments, the number of the external battery modules that can be serially connected may
be limited by software algorithms in the wearable or implantable medical device or the
control unit of the medical device. At least where the wearable or implantable medical
device or the controller of the medical device includes internal energy storage, the minimum
number of connected external battery modules can be zero. In many embodiments, each of
the external battery modules includes an integrated charger configured to recharge battery
cell(s) of the external battery module. Each of the external battery modules can include a
controller configured to monitor and communicate state of charge of the external battery
module and/or to control recharging of the external battery module. Each of the external
battery modules can communicate with the wearable or implantable medical device or a
controller of the medical device so as to receive parameters used to control charging and
discharging of the external battery module. Accordingly, users can add and remove external
carried battery capacity in a flexible manner and the battery modules can be recharged
without having to disconnect the battery modules.

[0010] Thus, in one aspect, a system is provided for supplying power to a medical device
worn by a user or implanted in the user. The system includes a base module and a plurality
of external battery modules. The base module is configured to be operatively coupled with
the medical device to supply electrical power to the medical device. The base module
includes a base module input connector. Each of the external battery modules includes one or
more battery cells, an output connector, an input connector, and a controller. The one or
more battery cells are configured to store electrical power. The output connector is
configured to output electrical power from the external battery module. The input connector
is configured to receive electrical power from another of the plurality of external battery
modules. The controller is configured to control distribution of electrical power received via
the input connector to charge the one or more battery cells and/or to be output via the output
connector.

[0011] In many embodiments of the system, the base module includes one or more base
module battery cells and base module controller. The base module battery cells are
configured to store electrical power. The base module controller can be configured to control

distribution of electrical power received via the base module input connector to charge the
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one or more base module battery cells and/or to be output to supply electrical power to the
medical device.

[0012] In many embodiments, the system is configured to detect the configuration of
connected external battery modules and control charging of the medical device, a controller
of the medical device, and/or the connected external battery modules in accordance with the
detected configuration of connected external battery modules. For example, each of: (1) the
base module input connector, (2) the output connector of each of the plurality of external
battery modules, and (3) the input connector of each of the plurality of external battery
modules can include a data connection for transferring a connection signal to the base module
controller and/or to the controller of another of the plurality of external battery modules
indicating connection of one or more of the plurality of external battery modules. The base
module controller can be configured to control the controller of each of the plurality of
external battery modules via the data connection to control the distribution of electrical power
received via the input connector of the external battery module to charge the one or more
battery cells of the external battery module and/or to be output via the output connector of the
external battery module. In many embodiments of the system, the plurality of external
battery modules can be connected to the base module in a connection sequence order. The
base module controller and the controller of each of the plurality of external battery modules
can be configured to implement a charging sequence in which the base module is charged
first and at least one of the plurality of external battery modules is charged in the connection
sequence order. In many embodiments of the system, the data connection includes a fiber
optic connector for connecting fiber optic data lines. A fiber optic data connection eliminates
many electromagnetic interference considerations present in existing system.

[0013] In many embodiments of the system, the state of charge of the system is monitored
and communicated. For example, the base module controller can be configured to monitor a
base module charge level of the one or more base module battery cells. The base module
controller can be configured to indicate the base module charge level to the user or a person
other than the user. The base module can include a wireless transmitter to wirelessly transmit
the base module charge level to an electronic device, such as a cellular/smart phone, tablet,
computer, watch, etc., for communication to the user or a person other than the user (e.g.,
physician, family member, etc.). The controller of each of the plurality of external battery
modules can be configured to monitor a charge level of the one or more battery cells of the

external battery module and communicate the charge level to the base module controller.
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The base module controller can be configured to communicate the charge level of at least one
of the plurality of external battery modules to the user or a person other than the user. The
base module can include a wireless transmitter to wirelessly transmit the base module charge
level and the charge level of each of at least one of the plurality of external battery modules
to an electronic device for communication to the user or a person other than the user. Each of
the plurality of external battery modules can include one or more indicators controlled by the
respective controller to indicate the charge level of the one or more battery cells of the
external battery module. In many embodiments of the system, the one or more indicators
include visual indicators, such as one or more light emitting diodes (LEDs), audio indicators,
or haptic indicators.

[0014] In many embodiments of the system, the input and the output connectors are
configured to prevent orientation based misconnection. For example, each of the input
connector and the output connector of each of the plurality of external battery modules and
the base module input connector can include two ground line connectors and two power line
connectors arranged in a linear array symmetrically on opposite sides of the data connection
to accommodate connection of the input and output connectors in opposite orientations.
[0015] Connection of an external battery module can be detected via a voltage potential
output from the external battery module. For example, each of the base module controller
and the controller of each of the plurality of external battery modules can be configured to
detect the connection of one or more of the plurality of external battery modules via a voltage
potential applied to the base module input connector or the input connector of the external
battery module, respectively.

[0016] In many embodiments, the system includes one or more electronic switches to
control charging of the base module and/or the external battery modules. For example, the
base module controller can include one or more electronic switches connected between the
base module input connector and the one or more base module battery cells to control
charging of the one or more base module battery cells via electrical power received via the
base module input connector. The controller of each of the plurality of external battery
modules can include one or more electronic switches connected between the input connector
and the one or more battery cells of the external battery module to control charging of the one
or more battery cells via electrical power received via the input connector.

[0017] In many embodiments, the system is configured to control charging rate(s) for

patient safety, such as to prevent charging induced temperature rises above a threshold level
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suitable for a patient. For example, the base module can include a base module temperature
sensor configured to output a base module temperature signal to the base module controller
indicative of a temperature of the base module. The base module controller can be
configured to control charging of the one or more base module battery cells based on the base
module temperature signal feedback. Each of the plurality of external battery modules can
include a temperature sensor configured to output a temperature signal to the controller of the
external battery module indicative of a temperature of the external battery module. The
controller of each of the plurality of battery modules can be configured to control charging of
the one or more battery cells of the external battery module based on the temperature signal
feedback. Charging can also be limited based on the amount of power available from the
external power source(s).

[0018] In another aspect, a method is provided for supplying power to a medical device
worn by a user or implanted in the user. The method includes supplying electrical power to
the medical device via a base module that includes a base module input connector. Electrical
power is supplied to the base module from a first external battery module via the base module
input connector. The first external battery module includes one or more first battery cells, a
first output connector, a first controller, and a first input connector. The one or more first
battery cells are configured to store electrical power. The first output connector is
operatively connected with the base module input connector to transfer electrical power to the
base module. Electrical power is supplied to the first external battery module from a second
external battery module via the first input connector. The second external battery module
includes one or more second battery cells, a second output connector, a second controller, and
a second input connector. The one or more second battery cells are configured to store
electrical power. The second output connector is operatively connected with the first input
connector to transfer electrical power to the first external battery module. Distribution of
electrical power received by the first input connector from the second output connector is
controlled, via the first controller, to charge the one or more first battery cells and/or to be
output from the first output connector to the base module.

[0019] In many embodiments of the method, the base module includes one or more base
module battery cells configured to store power and a base module controller. Distribution of
electrical power received by the base module input connector from the first output connector
can be controlled, via the base module controller, to charge the one or more base module

battery cells and/or to be output to the medical device.
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[0020] In many embodiments of the method, one or more signals are transferred to
communicate connection of one or more of the external battery modules. For example, the
method can include transferring a first signal from the second external battery module to the
first external battery module indicating connection of the second external battery module to
the first external battery module. The method can include transferring a second signal from
the first external battery module to the base module indicating connection of the first external
battery module to the base module and connection of the second external battery module to
the first external battery module. The method can include controlling, by the base module
controller, the distribution of electrical power received via the input connector of at least one
of the plurality of external battery modules to charge the one or more battery cells of the
respective external battery module and/or to be output via the output connector of the
respective external battery module. The method can include implementing a charging
sequence in which the base module is charged first and the first external battery module is
charged after the base module is charged.

[0021] In many embodiments of the method, charging is controlled for patient safety, such
as to prevent charging induced temperature rises above a threshold level suitable for a patient.
For example, the method can include generating a base module temperature signal indicative
of a temperature of the base module. Charging of the one or more base module battery cells
can be controlled, via the base module controller, based on the base module temperature
signal feedback to prevent a charging induced exceedance of a predetermined base module
temperature. The method can include generating a first external battery module temperature
signal indicative of a temperature of the first external battery module. Charging of the one or
more first battery cells can be controlled, via the first controller, based on the first external
battery temperature signal feedback to prevent a charging induced exceedance of a
predetermined first external battery module temperature.

[0022] In many embodiments of the method, charge level of the base module and/or the
external battery modules are monitored and communicated via the base module controller.
For example, the method can include monitoring a base module charge level of the one or
more base module battery cells. The base module charge level can be communicated to the
user or a person other than the user. The base module charge level can be communicated to
the user or a person other than the user by wirelessly transmitting the base module charge
level to an electronic device, such as a cellular phone, for communication to the user or the

person other than the user. The method can include monitoring, via the first controller, a first
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charge level of the one or more first battery cells. The first charge level can be
communicated to the base module controller. The method can include monitoring, via the
second controller, a second charge level of the one or more second battery cells. The second
charge level can be communicated to the base module controller. The first and second charge
levels can be communicated, via the base module controller, to the user or the person other
than the user. Communicating the first and second charge levels to the user or the person
other than the user can include wireless transmitting the first and second charge levels to an
electronic device for communication to the user or the person other than the user.

[0023] In many embodiments of the method, the charge level of each of the external battery
modules is monitored and communicated via the respective external battery module. For
example, the method can include monitoring, via the first controller, a charge level of the one
or more first battery cells. The charge level of the one or more first battery cells can be
indicated via an indicator included in the first external battery module. The method can
include monitoring, via the second controller, a charge level of the one or more second
battery cells. The charge level of the one or more second battery cells can be indicated via an
indicator included in the second external battery module.

[0024] The method can include supplying electrical power via one or more additional
external battery modules. For example, the method can include supplying electrical power to
the second external battery module from a third external battery module via the second input
connector. The third external battery module can include one or more third battery cells, a
third output connector, a third controller, and a third input connector. The one or more third
battery cells are configured to store electrical power. The third output connector can be
operatively connected with the second input connector to transfer electrical power to the
second external battery module. The method can include controlling, via the second
controller, distribution of electrical power received by the second input connector from the
third output connector to charge the one or more second battery cells and/or to be output from
the second output connector to the first external battery module.

[0025] The above presents a simplified summary of some embodiments of the invention in
order to provide a basic understanding of the invention. This summary is not an extensive
overview of the invention. It is not intended to identify key/critical elements of the invention
or to delineate the scope of the invention. Its sole purpose is to present some embodiments of
the invention in a simplified form as a prelude to the more detailed description that is

presented below.
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[0026] For a fuller understanding of the nature and advantages of the present invention,

reference should be made to the ensuing detailed description and accompanying drawings.
BRIEF DESCRIPTION OF THE DRAWINGS

[0027] FIG. 1 is a simplified schematic diagram illustrating a system, in accordance with
many embodiments, for supplying power to a medical device worn by a user or implanted in
the user.

[0028] FIG. 2 illustrates an embodiment of a connector that can be used in the system of
FIG. 1.

[0029] FIG. 3 illustrates an example medical device system that employs the system of
FIG. 1.

[0030] FIG. 4 is a simplified schematic diagram illustrating components of an embodiment
of the system of FIG. 1.

[0031] FIG. Sis a simplified block diagram of acts of a method, in accordance with many
embodiments, for supplying power to a medical device worn by a user or implanted in the
user.

[0032] FIG. 6 is a simplified schematic diagram of a charging sequence and a discharging
sequence that can be employed in a medical device system, in accordance with many
embodiments.

DETAILED DESCRIPTION

[0033] In the following description, various embodiments of the present invention will be
described. For purposes of explanation, specific configurations and details are set forth in
order to provide a thorough understanding of the embodiments. However, it will also be
apparent to one skilled in the art that the present invention may be practiced without the
specific details. Furthermore, well-known features may be omitted or simplified in order not
to obscure the embodiment being described.

[0034] Referring now to the drawings, in which like reference numerals represent like parts
throughout the several views, FIG. 1 shows a system 10, in accordance with many
embodiments, for supplying power to a medical device worn by a user or implanted in the
user. The system 10 includes a wearable or implantable medical device 12, a base module
14, a plurality of external battery modules 16, and a non-worn energy source 18. The
external battery modules 16 are configured for selective serial connection to enable the

connection of any suitable number of the external battery modules 16 to the base module 14
9
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to vary the total battery capacity worn by the user. The non-worn energy source 18 can be
any suitable energy source, for example, a wall power unit configured to convert utility
power (e.g., 110 volt AC power) to direct current having a voltage level compatible with the
external battery modules 16 and the base module 14. The non-worn energy source 18 can be
selectively and intermittently connected to the most distal external battery module 16 to
supply electrical power used to recharge the external battery modules 16, recharge the base
module 14, and/or be output to the medical device 12 via a connection line 20.

[0035] The base module 14 is configured to supply operating electrical power to the
medical device 12 via the connection line 20. The base module 14 includes one or more base
module battery cells 22, a base module controller 24, and a base module input connector 26.
The base module controller 24 is configured to supply power to the medical device 12 output
by the one or more base module battery cells 22 and/or received via the base module input
connector 26. In many embodiments, the base module controller 24 includes an integrated
charger for recharging the one or more base module battery cells 22 via electrical power
received via the base module input connector 26. In many embodiments, the base module
controller 24 is configured to detect when at least one external battery module 16 or the non-
worn energy source 18 is connected to the base module input connector 26. For example, the
base module input connector 26 can include a data connection to receive a signal when at
least one external battery module 16 or the non-worn energy source 18 is connected to the
base module input connector 26. Alternatively, the base module controller 24 can be
configured to detect when a suitable voltage potential is applied to the base module input
connector 26 indicative of at least one external battery module 16 or the non-worn energy
source 18 being connected to the base module input connector 26. When the connection of at
least one of the external battery modules 16 or the non-worn energy source 18 to the base
module input connector 26 is detected, the base module controller 24 can supply electrical
power to the medical device solely via electrical power received via the base module input
connector 26 and can simultaneously recharge the one or more base module battery cells 22
via electrical power received via the base module input connector 26 if the one or more base
module battery cells 22 are not already fully charged. When the base module controller 24
does not detect the connection of any power source to the base module input connector 24,
the base module controller 24 is configured to supply electrical power to the medical device

12 via electrical power from the one or more base module battery cells 22.

10
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[0036] In the illustrated embodiment, each of the external battery modules 16 includes an
output cable 28, an output connector 30, one or more external battery cells 32, an external
battery controller 34, and an input connector 36. The external battery controller 34 is
configured to supply power via the output connector 30 output by the one or more external
battery cells 32 and/or received via the input connector 36. In many embodiments, the
external battery controller 34 includes an integrated charger for recharging the one or more
external battery cells 32 via electrical power received via the input connector 36. In many
embodiments, the external battery controller 34 is configured to detect when at least one
external battery module 16 or the non-worn energy source 18 is connected to the input
connector 36. For example, the input connector 36 can include a data connection to receive a
signal when at least one external battery module 16 or the non-worn energy source 18 is
connected to the input connector 26. Alternatively, the external battery controller 34 can be
configured to detect when a suitable voltage potential is applied to the input connector 36
indicative of at least one external battery module 16 or the non-worn energy source 18 being
connected to the input connector 36. When the connection of at least one of the external
battery modules 16 or the non-worn energy source 18 to the input connector 36 is detected,
the external battery controller 34 can supply electrical power via the output connector 30 via
electrical power received via the input connector 36 and can simultaneously recharge the one
or more external battery cells 32 via electrical power received via the input connector 36 if
the one or more external battery cells 32 are not already fully charged. When the external
battery controller 34 does not detect the connection of any power source to the input
connector 34, the external battery controller 34 is configured to output electrical power via
the output connector 30 via electrical power from the one or more external battery cells 32.
[0037] Any suitable serial combination of the external battery modules 16 can be used. For
example, zero, one, two, three, four, or greater of the external battery modules 16 can be
serially connected to the base module 14 to supply power to the base module 14 for supply to
the medical device 12. Additionally, in many embodiments, the non-worn power source 18
can be connected directly to the base module 14 to supply electrical power that can be used
by the base module 14 to supply electrical power to the medical device 12 and to recharge the
one or more base module battery cells 22 if the one or more base module battery cells 22 are
not already fully charged. While the external battery modules 16 are configured to be serially
connected physically, the external battery modules 16 are configured so as to be connected in

parallel electrically so as to not vary the voltage supplied to the base module 14.
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[0038] FIG. 2 shows a connector arrangement 38 that can be used in the base module input
connector 26, the output connector 30, and the input connector 36. The connector
arrangement 38 includes two first power connectors 40, two second power connectors 42, and
a data connector 44. The first and the second connectors 40, 42 are used to transfer power.
For example, each of the first connectors 40 can be electrically connected to a power lead and
each of the second connectors 42 can be electrically connected to a ground lead, and vice-
versa. The data connector 44 is used to connect data lines to transmit data between the base
module controller 24 and the one or more external battery controllers 34 and/or between any
of the one or more external battery controllers 34. In optional embodiments, the data
connector 44 can be omitted, for example, in embodiments where connection of an external
battery module 16 to either the base module input connector 26 or to the input connector 36
of another external battery module 16 is detected via detection of voltage potential applied
via the first and second connectors 40, 42. The symmetrical arrangement of the connectors
40, 42, 44 accommodates connection of the connector arrangement 38 in opposite
orientations, thereby accommodating proper connection in either of the two possible
orientations between connectors.

[0039] The system 10 can be employed in any suitable medical system (e.g., a worn or at
least partially implanted medical system). For example, FIG. 3 illustrates a mechanical
circulatory support system 100 that employs the system 10. The mechanical circulatory
support system 100 includes an implantable blood pump assembly (i.e., medical device 12)
implanted in a patient 102, a ventricular cuff 104, an outflow cannula 106, and an external
system controller (base module 14). In the illustrated configuration, two of the external
battery modules 16 are shown serially connected to the external system controller 14. As
described herein, however, any suitable number of the external battery modules 16 and/or the
non-worn energy source 18 (e.g., that can be powered via being plugged into an outlet 107)
can be coupled with the external system controller 14 to supply power to the external system
controller 14 for supply to the blood pump assembly 12. The blood pump assembly 12 can
include a VAD that is attached to an apex of the left ventricle, as illustrated, or the right
ventricle, or both ventricles of the patient’s heart 108. The VAD can include a centrifugal
pump (as shown) that is capable of pumping the entire output delivered to the left ventricle
from the pulmonary circulation (i.e., up to 10 liters per minute). Related blood pumps
applicable to the present invention are described in greater detail below and in U.S. Patent

Nos. 5,695,471, 6,071,093, 6,116,862, 6,186,665, 6,234,772, 6,264,635, 6,688,861,
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7,699,586, 7,976,271, 7,997,854, 8,007,254, 8,152,493, 8,652,024, and 8,668,473 and U.S.
Patent Publication Nos. 2007/0078293, 2008/0021394, 2009/0203957, 2012/0046514,
2012/0095281, 2013/0096364, 2013/0170970, 2013/0121821, and 2013/0225909, all of
which are incorporated herein by reference for all purposes in their entirety. The blood pump
assembly 12 can be attached to the heart 108 via the ventricular cuff 104, which can be sewn
to the heart 108 and coupled to the blood pump 12. The other end of the blood pump 12
connects to the ascending aorta via the outflow cannula 106 so that the VAD effectively
diverts blood from the weakened ventricle and propels it to the aorta for circulation through
the rest of the patient’s vascular system.

[0040] FIG. 3 illustrates the mechanical circulatory support system 100 during battery
powered operation by the system 10 via the two connected external battery modules 16. A
driveline (connection line 20) that exits through the patient’s abdomen 110 connects the
implanted blood pump assembly 12 to the external system controller 14, which monitors
system 100 operation. Related controller systems applicable to the present invention are
described in greater detail below and in U.S. Patent Nos. 5,888,242, 6,991,595, 8,323,174,
8,449 444, 8 506,471, 8,597,350, and 8,657,733, EP 1812094, and U.S. Patent Publication
Nos. 2005/0071001 and 2013/0314047, all of which are incorporated herein by reference for
all purposes in their entirety. As described herein the power system 10 used to power the
system 100 can include any suitable combination (zero, one, two, three, four, or more) of the
external battery modules 16 and/or the non-worn power source 18.

[0041] FIG. 4 is a simplified schematic diagram illustrating components of an embodiment
of the system 10. In the illustrated configuration, the base module 14 is operatively coupled
with the medical device 12 and a combination of two external battery modules 16 and the
non-worn power source 18 are connected to the base module 14 to supply power to the base
module 14. Description of aspects of the system 10 already described above are not repeated
here. Additional aspects of the base module 14 and the external battery modules 16 are
described below.

[0042] In the embodiment shown in FIG. 4, the system 10 is configured to monitor and
display the charge level of the one or more base module battery cells 22 and/or the one or
more external battery cells 32 in each of the external battery modules 16. In the illustrated
embodiment, the base module 14 includes a display 112 and an input device 114 and each of
the external battery modules 16 include one or more indicator lights (e.g., LED(s) 116). The

base module controller 24 can be configured to monitor the charge level of the one or more
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base module battery cells 22 and output the charge level of the one or more base module
battery cells 22 via the display 112. Each of the battery controllers 34 can be configured to
monitor the charge level of the one or more external battery cells 32 and transmit the charge
level to the base module 14 and/or output an indication of the charge level via operation of
the LED(s) 116. For example, the external battery module 16 having the lowest state of
charge of the one or more external battery cells 32 (typically the most distal of the serially
connected chain of external battery modules 16) can operate the LED(s) 116 to indicate the
state of charge (e.g., flashing either red or green based on the charge level). One or more
indicators can be displayed on the display 112 suitable to communicate the charge state of the
one or more base module battery cells 22 an/or the charge state of the one or more external
battery cells 32 in each of the external battery modules 16. For example, a bell shaped
indicator can be displayed to output a lower priority notification regarding power level of the
batteries. One or more battery shaped indicators can be used to display the charge level of
the one or more base module battery cells 22 and/or the state of charge of any suitable
number of the connected external battery modules 16. For example, the display 112 can be
configured to display the charge level of the one or more base module battery cells 22 via a
first battery shaped indicator and display the lowest charge level of the connected external
battery modules 16 via a second battery shaped indicator. In the illustrated embodiment, the
base module 14 includes a wireless communication unit 119 configured to wirelessly transmit
the charge level of the base module 14 and/or the charge level of any suitable combination of
the external battery modules 16 to an electronic device, such as a cellular/smart phone, tablet,
computer, watch, etc., for communication to the user or a person other than the user (e.g.,
physician, family member, etc.).

[0043] Additionally, in the embodiment shown in FIG. 4, the system 10 is configured to
control charging to avoid charging induced excessive temperature of the base module 14 and
the external battery modules 16. The base module 14 includes a temperature sensor 118 that
outputs a temperature signal to the base module controller 24 indicative of a temperature of
the base module 14. The base module controller 24 is configured to control the rate at which
the one or more base module battery cells 22 are charged based on the temperature signal
from the temperature sensor 118 to prevent having the temperature sensed by the temperature
sensor 118 exceed a suitable limit with regard to patient contact with the base module 14.
Similarly, each of the external battery modules 16 includes a temperature sensor 120 that

outputs a temperature signal to the external battery module controller 34 indicative of a
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temperature of the external battery module 16. The external battery module controller 34 is
configured to control the rate at which the one or more external battery cells 32 are charged
based on the temperature signal from the temperature sensor 120 to prevent having the
temperature sensed by the temperature sensor 120 exceed a suitable limit with regard to
patient contact with the external battery module 16.

[0044] While the external battery modules 16 are serially-connected physically, the
external battery modules 16 are electrically coupled in parallel. In many embodiments, the
base module controller 24 and the external battery module controllers 34 include
electronically controlled switches (e.g., metal-oxide—semiconductor field-effect transistors
(MOSFETs)) that are used to control distribution of electrical power received via the
respective input connector to be output via the respective output connector and used to charge
the respective one or more battery cells if not already fully charged.

[0045] FIG. 5is a simplified block diagram of acts of a method 200, in accordance with
many embodiments, for supplying power to a medical device worn by a user or implanted in
the user. Any suitable external battery system can be used to practice the method 200,
including the systems described herein. The method 200 can include any suitable
combination of a set of subset of the following: (1) outputting electrical power from a first
external battery module to a medical device or a medical device controller of a medical
device (act 202); (2) outputting electrical power from a second external battery module to the
first external battery module (act 204); (3) outputting electrical power from an energy source
to the second external battery module (act 206); (4) Sequentially charging the medical device
or the medical device controller first, the first external battery module second, and then the
second external battery module third (act 208); (5) monitoring state of charge of the medical
device or the medical device controller, the first external battery module, and/or the second
external battery module (act 210); and (6) communicating the state of charge of the medical
device or the medical device controller, the first external battery module, and/or the second
external battery module (act 212).

[0046] FIG. 6 is a simplified schematic diagram of a charging sequence 214 and a
discharging sequence 216 that can be employed in the medical device system 10, in
accordance with many embodiments. In the illustrated configuration in which a charger 18 is
connected, the power supplied by the charger 18 can be used to charge the base module 14
first. When the base module 14 is fully charged, the power supplied by the charger 18 can be
used to charge the first external battery module 16. When the first external battery module 16
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is fully charged, the power supplied by the charger 18 can be used to charge the second
external battery module 16. And finally, when the second external battery module is fully
charged, the power supplied by the charger can be used to charge the third external battery
module 16. When the charger 18 is disconnected, the medical device 12 can be run first via
power supplied by the third external battery module 16, thereby discharging the third external
battery module 16 first. When the third external battery module 16 is effectively discharged,
the medical device can be run second via power supplied by the second battery module 16,
thereby discharging the second external battery module 16 second. When the second external
battery module 16 is effectively discharged, the medical device can be run third via power
supplied by the first battery module 16, thereby discharging the first external battery module
16 third. When the first external battery module 16 is effectively discharged, the medical
device can be run last via power supplied by the base module 14, thereby discharging the
base module 14 last.

[0047] A combination of the charging sequence 214 and the discharging sequence 216 can
be used at the same time when the charger 18 is not connected. For example, power supplied
by the third external battery module 16, in addition to being used to power the medical device
12, can first be used to charge the base module 14 when the base module 14 is not already
fully charged, and can then be used to charge the first external battery module 16 when the
first external battery module 16 is not already fully charged, and can then be used to charge
the second external battery module 16 when the second external battery module 16 is not
already fully charged. A similar combination of the charging sequence 214 and the
discharging sequence 216 can be used when only the first and second external battery
modules 16 are connected to the base module 14 and when only the first external battery
module 16 is connected to the base module 14.

[0048] The utility of the systems and methods disclosed herein can be understood through
example embodiments. Consider a VAS controller with only two daisy-chained external
battery modules connected. In one method of operation, the most distal external battery
module discharges first so that it can be removed when depleted without disconnecting the
other external battery module from the VAS controller. Once the most distal external battery
module is disconnected, the user is then carrying less weight and bulk. In another method of
operation, both of the external battery modules discharge evenly. In some embodiments, a
preferred method of discharge behavior can be selected and the selection stored as a

parameter in the VAS controller and passed to the connected battery modules. In some
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embodiments, a preferred method of charge behavior can be selected and the selection stored
as a parameter in the VAS controller and passed to the connected battery modules.

[0049] In addition to the approaches described above, any suitable method can be used for
charging the battery modules. For example, one method is for the external battery modules to
disable recharging unless an AC power source is connected at the distal end of the daisy-
chained battery modules. Another method is for the distal most battery module or modules to
recharge the innermost battery module in addition to providing power to the VAS. A
combination of these first two methods is to sequentially charge the innermost battery module
when AC power is present or allow some set of the battery modules in the daisy-chain to
charge simultaneously. As described herein, charging rate can be limited to avoid
temperature exceedance(s) with respect to regulatory requirements for the surface
temperature of devices in proximity to humans. Overall charging levels may also be limited
by the size of the power cables used. Charging rate can also be controlled to prevent
temperature exceedance(s) via logic embodied within each battery that knows a priori how
much heat is generated for a given charge current at a given state of charge. The logic can
further modulate the charge current based on temperature sensors placed near the surface of
the external battery module. The logic can communicate the charge current level to the VAS
controller. The VAS controller, knowing the charge level commanded by all daisy-chained
battery packs, can scale or otherwise change individual charge currents based on system level
considerations or user preferences.

[0050] To further illustrate, consider three external battery modules daisy-chained to a
VAS controller. Based on a user preference to keep the innermost battery module fully
charged at all times, the VAS controller can send a message to the innermost battery module
to begin charging. The VAS controller can also send messages to the outer battery modules
to not charge and for the outermost battery module to preferentially discharge first. The
outermost battery module then discharges fully. When the outermost battery module is
depleted of energy, the penultimate pack begins discharging — providing power to the medical
device and, if still necessary, to continue charging the innermost battery module. During this
time, if the temperature sensor(s) inside the innermost battery module measure a surface
temperature nearing its maximum allowable limit, the innermost battery module can reduce
the charge current per a local control feedback algorithm and communicates this condition to

the VAS controller.
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[0051] Other variations are within the spirit of the present invention. For example, the
medical device 12 and the base module 14 can be combined in a single unit such as, for
example, in the case of a wearable medical device. Thus, while the invention is susceptible
to various modifications and alternative constructions, certain illustrated embodiments
thereof are shown in the drawings and have been described above in detail. It should be
understood, however, that there is no intention to limit the invention to the specific form or
forms disclosed, but on the contrary, the intention is to cover all modifications, alternative
constructions, and equivalents falling within the spirit and scope of the invention, as defined
in the appended claims.

[0052] The use of the terms “a” and “an” and “the” and similar referents in the context of
describing the invention (especially in the context of the following claims) are to be
construed to cover both the singular and the plural, unless otherwise indicated herein or
clearly contradicted by context. The terms “comprising,” “having,” “including,” and
“containing” are to be construed as open-ended terms (i.e., meaning “including, but not
limited to,”) unless otherwise noted. The term “connected” is to be construed as partly or
wholly contained within, attached to, or joined together, even if there is something
intervening. Recitation of ranges of values herein are merely intended to serve as a shorthand
method of referring individually to each separate value falling within the range, unless
otherwise indicated herein, and each separate value is incorporated into the specification as if
it were individually recited herein. All methods described herein can be performed in any
suitable order unless otherwise indicated herein or otherwise clearly contradicted by context.
The use of any and all examples, or exemplary language (e.g., “such as”) provided herein, is
intended merely to better illuminate embodiments of the invention and does not pose a
limitation on the scope of the invention unless otherwise claimed. No language in the
specification should be construed as indicating any non-claimed element as essential to the
practice of the invention.

[0053] Preferred embodiments of this invention are described herein, including the best
mode known to the inventors for carrying out the invention. Variations of those preferred
embodiments may become apparent to those of ordinary skill in the art upon reading the
foregoing description. The inventors expect skilled artisans to employ such variations as
appropriate, and the inventors intend for the invention to be practiced otherwise than as
specifically described herein. Accordingly, this invention includes all modifications and

equivalents of the subject matter recited in the claims appended hereto as permitted by
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applicable law. Moreover, any combination of the above-described elements in all possible
variations thereof is encompassed by the invention unless otherwise indicated herein or
otherwise clearly contradicted by context.

[0054] All references, including publications, patent applications, and patents, cited herein
are hereby incorporated by reference to the same extent as if each reference were individually
and specifically indicated to be incorporated by reference and were set forth in its entirety

herein.
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WHAT IS CLAIMED IS:

1. A system for supplying power to a medical device worn by a user or
implanted in the user, the system comprising:

a base module configured to be operatively coupled with the medical device to
supply electrical power to the medical device, the base module including a base module input
connector; and

a plurality of external battery modules, each of the external battery modules
including:

one or more battery cells configured to store electrical power;

an output connector configured to output electrical power from the
external battery module;

an input connector configured to receive electrical power from another
of the plurality of external battery modules; and

a controller configured to control distribution of electrical power
received via the input connector to charge the one or more battery cells and/or to be output

via the output connector.

2. The system of claim 1, wherein the base module includes:

one or more base module battery cells configured to store electrical power;
and

a base module controller configured to control distribution of electrical power
received via the base module input connector to charge the one or more base module battery

cells and/or to be output to supply electrical power to the medical device.

3. The system of claim 2, wherein each of the base module input
connector, the output connector of each of the plurality of external battery modules, and the
input connector of each of the plurality of external battery modules comprises a data
connection for transferring a connection signal to the base module controller and/or to the
controller of another of the plurality of external battery modules indicating connection of one

or more of the plurality of external battery modules.

4. The system of claim 3, wherein:
the base module controller is configured to monitor a base module charge

level of the one or more base module battery cells; and
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the base module controller is configured to indicate the base module charge

level to the user or a person other than the user.

5. The system of claim 4, wherein the base module comprises a wireless
transmitter to wirelessly transmit the base module charge level to an electronic device for

communication to the user or a person other than the user.

6. The system of claim 4, wherein:

the controller of each of the plurality of external battery modules is configured
to monitor a charge level of the one or more battery cells of the external battery module and
communicate the charge level to the base module controller; and

the base module controller is configured to communicate the charge level of at
least one of the plurality of external battery modules to the user or a person other than the

user.

7. The system of claim 6, wherein the base module comprises a wireless
transmitter to wirelessly transmit the base module charge level and the charge level of each of
at least one of the plurality of external battery modules to an electronic device for

communication to the user or a person other than the user.

8. The system of any one of claims 3, 4, 5, 6, and 7, wherein the base
module controller is configured to control the controller of each of the plurality of external
battery modules via the data connection to control the distribution of electrical power
received via the input connector of the external battery module to charge the one or more
battery cells of the external battery module and/or to be output via the output connector of the

external battery module.
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9. The system of any one of claims 3, 4, 5, 6, and 7; wherein:

the plurality of external battery modules are connected to the base module in a
connection sequence order; and

the base module controller and the controller of each of the plurality of
external battery modules are configured to implement a charging sequence in which the base
module is charged first and at least one of the plurality of external battery modules is charged

in the connection sequence order.

10. The system of any one of claims 3, 4, 5, 6, and 7, wherein the data

connection comprises a fiber optic connector for connecting fiber optic data lines.

11. The system of any one of claims 3, 4, 5, 6, and 7; wherein each of the
input connector and the output connector of each of the plurality of external battery modules
and the base module input connector is configured to accommodate connection of the input

and output connectors in opposite orientations.

12. The system of any one of claims 3, 4, 5, 6, and 7; wherein each of the
base module controller and the controller of each of the plurality of external battery modules
is configured to detect the connection of one or more of the plurality of external battery
modules via a voltage potential applied to the base module input connector or the input

connector of the external battery module, respectively.

13. The system of any one of claims 3, 4, 5, 6, and 7; wherein the base
module controller comprises one or more electronic switches connected between the base
module input connector and the one or more base module battery cells to control charging of
the one or more base module battery cells via electrical power received via the base module

input connector.
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14. The system of any one of claims 2, 3, 4, 5, 6, and 7; wherein:

the base module comprises a base module temperature sensor configured to
output a base module temperature signal to the base module controller indicative of a
temperature of the base module; and

the base module controller is configured to control charging of the one or

more base module battery cells based on the base module temperature signal.

15. The system of any one of claims 1, 2, 3, 4, 5, 6, and 7; wherein each of
the output connector and the input connector of each of the plurality of external battery
modules comprises a data connection for transferring a connection signal to the controller of
another of the plurality of external battery modules indicating connection of one or more of

the plurality of external battery modules.

16. The system of any one of claims 1, 2, 3, 4, 5, 6, and 7; wherein the
controller of each of the plurality of external battery modules is configured to detect the
connection of one of the plurality of external battery modules via a voltage potential applied

to the input connector of the external battery module.

17. The system of any one of claims 1, 2, 3, 4, 5, 6, and 7; wherein the
controller of each of the plurality of external battery modules comprises one or more
electronic switches connected between the input connector and the one or more battery cells
of the external battery module to control charging of the one or more battery cells via

electrical power received via the input connector.

18. The system of any one of claims 1, 2, 3, 4, 5, 6, and 7; wherein:

each of the plurality of external battery modules comprises a temperature
sensor configured to output a temperature signal to the controller of the external battery
module indicative of a temperature of the external battery module; and

the controller of each of the plurality of external battery modules is configured
to control charging of the one or more battery cells of the external battery module based on

the temperature signal.
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19. The system of any one of claims 1, 2, 3, 4, 5, 6, and 7; wherein:

the controller of each of the plurality of external battery modules is configured
to monitor a charge level of the one or more battery cells of the external battery module and
communicate the charge level to the base module controller; and

each of the plurality of external battery modules includes one or more
indicators controlled by the respective controller to indicate the charge level of the one or

more battery cells of the external battery module.

20.  The system of claim 19, wherein the one or more indicators comprise

one or more light emitting diodes (LEDs).

21. The system of any one of claims 1, 2, 3, 4, 5, 6, and 7; wherein at least
one of the base module or at least one of the plurality of external battery modules comprises
an element configured to detect the connection of one or more of the plurality of external
battery modules to the base module input connector or the input connector of the external

battery module, respectively.

22. A method of supplying power to a medical device worn by a user or
implanted in the user, the method comprising:

supplying electrical power to the medical device via a base module that
includes a base module input connector;

supplying electrical power to the base module from a first external battery
module via the base module input connector; the first external battery module including one
or more first battery cells, a first output connector, a first controller, and a first input
connector; the one or more first battery cells being configured to store electrical power, the
first output connector being operatively connected with the base module input connector to
transfer electrical power to the base module; and

supplying electrical power to the first external battery module from a second
external battery module via the first input connector; the second external battery module
including one or more second battery cells, a second output connector, a second controller,
and a second input connector; the one or more second battery cells being configured to store
electrical power, the second output connector being operatively connected with the first input

connector to transfer electrical power to the first external battery module; and
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controlling, via the first controller, distribution of electrical power received by
the first input connector from the second output connector to charge the one or more first

battery cells and/or to be output from the first output connector to the base module.

23. The method of claim 22, wherein the base module includes one or
more base module battery cells configured to store power and a base module controller, the
method further comprising controlling, via the base module controller, distribution of
electrical power received by the base module input connector from the first output connector

to charge the one or more base module battery cells and/or to be output to the medical device.

24. The method of claim 23, further comprising transferring a first
connection signal from the second external battery module to the first external battery module
indicating connection of the second external battery module to the first external battery

module.

25. The method of claim 24, further comprising transferring a second
connection signal from the first external battery module to the base module indicating
connection of the first external battery module to the base module and connection of the

second external battery module to the first external battery module.

26. The method of any one of claims 23, 24, and 25, further comprising
controlling, by the base module controller, the distribution of electrical power received via
the input connector of at least one of the plurality of external battery modules to charge the
one or more battery cells of the respective external battery module and/or to be output via the

output connector of the respective external battery module.

27. The method of any one of claims 23, 24, and 25, further comprising
implementing a charging sequence in which the base module is charged first and the first

external battery module is charged after the base module is charged.
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28. The method of any one of claims 23, 24, and 25, further comprising:

generating a base module temperature signal indicative of a temperature of the
base module; and

controlling, via the base module controller, charging of the one or more base
module battery cells based on the base module temperature signal to prevent a charging

induced exceedance of a predetermined base module temperature.

29. The method of any one of claims 22, 23, 24, and 25; further

comprising:

monitoring a base module charge level of the one or more base module battery
cells; and

communicating the base module charge level to the user or a person other than
the user.

30. The method of claim 29, wherein communicating the base module
charge level to the user or a person other than the user comprises wirelessly transmitting the
base module charge level to an electronic device for communication to the user or the person

other than the user.

31. The method of any one of claims 23, 24, and 25, further comprising:

monitoring, via the first controller, a first charge level of the one or more first
battery cells;

communicating the first charge level to the base module controller;

monitoring, via the second controller, a second charge level of the one or more
second battery cells;

communicating the second charge level to the base module controller; and

communicating, via the base module controller, the first and second charge

levels to the user or the person other than the user.

32. The method of claim 31, wherein communicating the first and second
charge levels to the user or the person other than the user comprises wireless transmitting the
first and second charge levels to an electronic device for communication to the user or the

person other than the user.

26



O 0 N1 O D R W N = ~ N k= W N

[—
o

O 0 N1 O R W N =

p—
N o= O

WO 2017/087785 PCT/US2016/062740

33. The method of any one of claims 22, 23, 24, and 25; further
comprising:

generating a first external battery module temperature signal indicative of a
temperature of the first external battery module; and

controlling, via the first controller, charging of the one or more first battery
cells based on the first external battery temperature signal to prevent a charging induced

exceedance of a predetermined first external battery module temperature.

34. The method of any one of claims 22, 23, 24, and 25; further
comprising:

monitoring, via the first controller, a charge level of the one or more first
battery cells;

indicating, via an indicator included in the first external battery module, the
charge level of the one or more first battery cells;

monitoring, via the second controller, a charge level of the one or more second
battery cells; and

indicating, via an indicator included in the second external battery module, the

charge level of the one or more second battery cells.

35. The method of any one of claims 22, 23, 24, and 25; further
comprising:

supplying electrical power to the second external battery module from a third
external battery module via the second input connector; the third external battery module
including one or more third battery cells, a third output connector, a third controller, and a
third input connector; the one or more third battery cells being configured to store electrical
power, the third output connector being operatively connected with the second input
connector to transfer electrical power to the second external battery module; and

controlling, via the second controller, distribution of electrical power received
by the second input connector from the third output connector to charge the one or more
second battery cells and/or to be output from the second output connector to the first external

battery module.
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