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BATTERY PACK, TOOL BATTERY AND BATTERY OPERATED TOOL

Field of the Invention

The present invention relates to battery packs, and to tool batteries and battery operated tools. In
particular, the invention relates to a battery pack suitable for powering a hand held cordless

power tool.

Background to the invention

Power tools and in particular hand held power tools are increasingly relying on cordless
rechargeable battery packs as a powering energy source. Such battery packs are preferably
compact and lightweight, but must still deliver relatively high current and voltage for powering

the tool motor.

Summary of the Invention

The present invention provides a lithium-polymer based battery pack, a lithium-polymer based
tool battery and a lithium-polymer based battery operated tool as set forth in any one of the

appended claims.

In particular, in a first aspect of the invention there is provided a lithium-polymer based battery
pack for powering a hand held power tool or garden tool, the battery pack comprises a housing
selectively connectable to and supportable by a hand held power tool or a garden tool, at least one
battery cell located within the housing, the cell having an output voltage of at least 4 volts and
producing an average discharge current of greater than 10 amps, wherein the battery cell has a
lithium-polymer based chemistry and a nominal charged internal impedance of less than or equal
to approximately 10 milliohms. Preferably there is a plurality of battery cells located within the
housing, the plurality of cells being interconnected to have a combined output voltage of at least
4 volts and a combined average discharge current of greater than 10 amps, wherein each cell has
a lithium-polymer based chemistry and a nominal charged internal impedance of less than or
equal to approximately 10 milliohms.

In a second particular aspect of the invention there is provided a lithium-polymer based tool

battery comprising a battery housing selectively connectable to and supportable by a hand held
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power tool or a garden tool, a plurality of substantially flat battery cells stacked within the
housing such that each sell is layered with an adjacent cell, and a resiliently deformable substrate
located between the adjacent battery cells, wherein each battery cell has a lithium-polymer based
chemistry and a nominal charged internal impedance of less than or equal to approximately 10

millichms.

In a third particular aspect of the invention there 1s provided a lithium-polymer battery powered
tool comprising a tool housing, an electrical motor in the tool housing, a motor controller for
controlling power supplied to the motor from an electrical energy source, a battery housing
selectively connectable to and supportable by the tool housing, and a battery within the battery
housing for supplying power to the motor controller and motor when the battery housing is
connected with the power tool housing, the battery comprising one or more battery cells, the cell
or cells being having a combined output voltage of at least 4 volts and producing a combined
average motor supply current of at least 10 amps, wherein each battery cell has a lithium-polymer
based chemistry and a nominal charged internal impedance of less than or equal to approximately

10 milliohms.

Further aspects of the invention will become apparent from the following description which is

given by way of example only to illustrate the invention.

Description of the Drawings

Various embodiments of the invention will now be described, by way of example only, with

reference to the accompanying drawings in which:

Figure 1 illustrates a power tool battery,

Figure 2 illustrates a cordless power tool,

Figure 3 1llustrates a lithium-polymer based battery cell according to the invention,

Figure 4 1llustrates a cell pouch for a lithium-polymer based battery,
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Figure 5 illustrates a string of the five battery cells having terminals welded in series prior to

forming into a stack of Figure 4,

Figure 6 illustrates a stack of five interconnected lithium-polymer based battery cells forming a

tool battery according to the invention,

Figure 7 illustrates a battery cell according to the invention and a resiliently deformable cradle

for the battery cell,

Figure 8 illustrates a second view of the battery cell and cradle,

Figure 9 illustrates an explored view of a battery comprising a polarity of lithium-polymer battery

cells,

Figure 10 illustrates a first perspective view of a battery case for a lithium-polymer based battery

according to the invention,

Figure 11 illustrates a second perspective view of the battery case for a lithium-polymer based

battery according to the invention, and

Figure 12 illustrates different connection arrangements for a stack of lithium-polymer battery

cells.

Detailed Description of Preferred Embodiments of the Invention

The following description is given by way of example only to illustrate embodiments of the
invention. The terminology used is for illustrative purpose only and is not intended to limit the

scope or use of the invention, unless the text clearly and explicitly requires otherwise.

Figures 1 and 2 illustrate a typical tool battery 10 and a cordless (battery power) tool 20. The
tllustrated tool 20 1s a drill or driver having a tool housing 21 and a pistol type handle 24. A
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motor 23 (indicated by broken lines) is located within the housing for driving a tool output 22. A
battery 10 is connectable to a supported by the tool handle 24. A tool controller such as a trigger
25 1s located adjacent the junction between the housing 21 and handle 24 for coupling energy
from the battery 10 to the motor 23. This is, however, not intended to limit the scope of use of a
battery according to the invention. Such a battery could be used in other types of cordless tools
and in particular in hand-held cordless tools or in cordless lawn and garden equipment such as
lawn mowers, hedge trimmers and the like. Such a battery could also be used in floor care

products such as vacuum cleaners, hand-vacs and cordless sweepers.

A preferred embodiment of a battery for such types of cordless tools has a battery pack housing
11 have a mating face 12 for connecting to the tool. The battery housing 11 is selectively
receivable with and supportable by the tool housing via battery connection features, and may be
selectively separated from the tool for charging in a separate charger (not shown). One typical
embodiment of battery mating features is illustrated in Figures 1. In the illustrated embodiment
the battery connection features are a terminal post 13 and battery terminals 14, 15 on the post 13
for connecting the battery energy sources with the tool controller or trigger 25. In alternative
embodiments the battery connection features may be slide-type connection features or any other
type of battery connection features known in the art. The type of battery connection features in

not an essential feature of the invention.

Figures 3 to 11 show details of a battery 40 for location within the battery pack housing 11. The
battery 40 comprises a plurality of substantially flat lithium-polymer battery cells 30. Each
lithium-polymer cell 30 comprises a first electrode sheet 31 and a second electrode sheet 32
laminated to respective sides of a polymer based separator substrate 33. Connection tabs/tapes
34 and 35 are connected to the respective first and second electrodes sheets 31, 32. The first and
second electrode sheets 31, 32 may be any of the lithium-polymer cell anode and cathode
combinations known in the art. The polymer separator 33 may be a dry solid polymer electrolyte
or porous or micro-porous polymer substrate holding a lithium based electrolyte. The particular
anode, cathode and lithium-polymer separator chemistry of the cell is chosen to provide a
nominal charged internal cell impedance of less than or equal to approximately 10 milliohms.

Each cell 30 may have a typical nominal cell voltage of between 2 volts and 4.2 volt and a
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nominal amp-hour capacity of greater than 1.5 amp-hours. Each cell is preferably, although not
exclusively enclosed in a flexible and lightweight pouch 301. The pouch 301 is formed from, for
example, an Aluminum laminate film that is folded around the cell 30 and sealed along the three
adjoining sides 302, 303, 304. The connection tabs/tapes 34 and 35 protrude from the pouch

between the sealed edges of the film.

A substantially flat cell 30 according the invention has a cell length L, cell width W and cell
height or thickness H. In the preferred embodiment the cell thickness H is less than 10% of the
cell width W. This provides a substantially flat lithium-polymer cell which can be stacked in
interconnected groups, as illustrated in Figures 5 to 11 for example, to form a tool battery. For
use a tool battery a plurality of the stacked battery cells 30 should have a combined output
voltage of at least 4 volts and as high as 40 volts or more. Tool batteries are typically available
in stepped voltages of, for example, 4, 9, 12, 18, and as high as 40 volts for some lawn and
garden type tools such as lawn mowers. In order to provide sufficient torque in the tool motor
the combine average discharge current provide by the plurality of battery cells 30 should be
greater than 10 amps, but more preferably 20 amps, although different tools and tool motors will

produce different average battery discharge currents.

The tabs 34, 35 from respective ones of the stacked plurality of battery cells 30 are connect
together in series and/or parallel in order to provide the required average discharge current and
combine output voltage of the battery 40. The connection between the respectively terminal tabs
34, 35 of adjacent cells 30 must be of a lower resistance than the internal resistance of the cells
30 and preferably of a very low resistance so as to prevent heating in the interconnection joint
between the cells 30. It is typical in battery manufacturing to interconnect adjacent battery cells
by welding respective cell tabs at a weld joint 38. In the preferred embodiment of the invention
each battery cell 30 has its respectively pair of tabs 34, 35 on different edges of the cell 30 and
preferably on symmetrically opposite edges of the cell 30. This arrangement allows the plurality
of cells to be easily interconnected in a string of cells 30 by jointing respective tabs 34, 35 of
adjacent cells 30 with a weld joint 38. As the terminal tabs 34, 35 of the cells extend from

opposite ends of the cell 30 the weld joint can be quickly and easily formed by a weld between
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adjacent cells 30 without potential for bridging or shorting adjacent terminal tabs of the same cell

which in prior art battery designs may be along a same edge of the cell.

After electrical interconnection of the cell tabs 34, 35 the interconnected cells 30 are formed into
a vertical stack of cells 30 as shown in Figure 6, for example. In a vertical stack of cells each cell
30 1s lying over or under an adjacent one of the cells 30. Although in the illustrated embodiment
the cells are stacked vertically with reference to the horizontal plane this 1s for illustrative and

descriptive purposes only and the stack of individual cell 30 may be stacked with each cell lying

in a vertical, or any other, plane where each cell 30 1s layered with an adjacent one of the cells 30.

For the purpose of describing the invention, stacked means each cell lying in adjacent parallel
planes. During charge and discharges cycles of the battery the thickness H of each cell 30 may
very normally by up to 5% of the cell thickness H. In order to accommodate this variation in cell
thickness during charge and discharges cycles the cell stack includes a resiliently deformable
substrate 37 interposed between each adjacent battery cell 30. The thickness of the resiliently
deformable substrates 37, and thus the distance between adjacent cells, is preferably between 5%
and 10% of the normal cell thickness H in order to accommodate for variation in individual cell
thickness up to 5%. In some embodiments the resiliently deformable substrate 37 between cells
30 may be provided with a thermally conductive characteristic for conducting heat away from the
cells during charge and discharge cycles. For example, the substrate may be resiliently
deformable and thermally conductive, or the substrate may be porous, such as a spongy material,

and impregnated with a thermally conductive substance.

The cell interconnection tabs 34, 35 extended between adjacent stacked cells 30. To support and
protect the interconnection tabs 34, 35 from mechanical damage in some embodiments of the
invention a guide member 36 is provided at respective locations adjacent the edge of the stacked
cells 30 to abut the interconnected tabs 34, 35 between adjacent cells 30. The guide member 36
has a convex guiding surface that abuts the joined tabs 34, 35 extending between the adjacent

cells and supports the joined tabs about a smooth radius between the adjacent cells 30.

The interconnected stack of cells 30 forming battery 40 is located within a battery pack housing

such as housing 11 of the battery of Figure 1. It will be appreciated by a skilled person that the
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battery 40 constructed of pouch cells must be physically and mechanically supported within the
battery housing 11 against mechanical vibrations and shocks that might be experienced during
use of the tool to which a battery pack 10 is connected. Figures 6 to 10 show a cradle and shell
arrangement for mechanically supporting a stack of battery cells 30 within the battery housing 11
in some embodiments. Figure 7 shows an individual battery cradle 39 for supporting a
substantially flat lithium-polymer battery cell 30. The cradle 39 is a flat substrate of resiliently
deformable material such as EVA foam or the like and has a wide cell-channel extending through
one face of the substrate. An individual battery cell 30 locates within the cell-channel for support
by the cradle. The cradle 39 has side edges 40 to provide mechanical protection for the sides of
the battery cell 30 and integrally combines the resiliently deformable cell spacer substrate 37,
below the cell-channel, and cell tab guide 36 into a single protective cradle for an individual
battery cell 30. Figure 9 shows a stack of battery cells 30 each held within its own individual
resiliently deformable cradle 39. The cradled stack of battery cell 30 locates within a cradle
frame 43 and is fitted with a cover 42 in order to mechanically hold the stack of battery cells 30
together. A printed circuit board assembly (PCBA) 44 can optionally be attached to or
incorporated with the cover 42. The PCBA can contain battery pack electronics and protection
circuits. The cradle frame 43 supporting the battery 40 is located within a battery housing 11.
The cradles 39 and cradle frame 42, 43 are preferably a “friction fit” within the battery housing
11 such that the battery 40 is mechanically supported against and variations and shocks

experienced during use of the battery on a power tool.

In some embodiments further mechanical protection of the pouch cell battery is provided by
enclosing the stack of battery cells 30 within a shell or case 50 as shown in Figures 10 and 11.
The case 50 comprises a case enclosure 431 having a base and four surrounding side walls
defining a cavity into which the stacked battery cells 30 are located. A cover 421 is fixed to the
tops of the four surrounding side walls to enclose the cavity and stacked battery cells 30. An
opening 51, 52 is provided in each of the opposed end side walls of the case enclosure 431 to
allow space for and accommodate connection access to the interconnected terminal tabs 34, 35 of
adjacent cells 30. The free end terminal tabs 341 and 251 of the stack of cells 30 pass though
respective end openings 51, 52 and are folded through substantially 180-degrees to lie

substantially flat with respective upper and lower surfaces of the case 50. The first free terminal
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tab 351 of the stacked cells 30 is folded back against a first surface of the case 50 and electrically
connected with one end of a conductive lead strap 54. The second end of the first conductive
lead strap 54 has a first exposed connection terminal 53 of copper or other electrically conductive
terminal material. The conductive lead strap 54 is preferably a copper strap having an insulated
coating such as a polyurethane insulating varnish. The terminal end 53 of the strap is free of the
insulating varnish to allow for electrical connection to the strap. The second free terminal tab
341 of the stacked cells 30 is folded back against the second opposite surface of the case 50 and
electrically connected with one end of a second conductive lead strap 55. The second conductive
lead strap 55 extends flat with the case surface around the side of the case to the first surface of
the case 50 where it 1s provided with a second exposed connection terminal 56 of copper of other
electrically conductive terminal material. The second conductive lead strap 55 is preferably a
copper strap having an insulated coating such as a polyurethane insulating varnish. The terminal
end 56 of the strap is free of the insulating varnish to allow for electrical connection to the strap.
In some embodiments auxiliary conductive straps 57 of a type the same or similar to first and
second conductive straps 54, 55 are provided for providing addition signal connections to the
stack of cells 30. For example, auxiliary conductive straps 57 are preferably provided for each of
the interconnected terminal tabs 34, 35 between stacked cells for providing means for measuring
individual cell voltages. Each auxiliary conductive strap 57 has a connection terminal 58 at its
distal end. Auxiliary conductive straps 57 may also be provided to temperature and other sensors
associated with the stack of cells 30. A printed circuit board assembly (PCBA) can optionally be
attached to or incorporated with the enclosure cover 421 or within the case 50. The PCBA can

contain battery pack electronics and protection circuits.

Within some embodiment a small PCBA is attached to the tabs 34, 35 of the battery cells. Sucha
PCBA can comprises a sensor for transmitting a voltage dependent sensor signal to the battery
controller 44, or a battery charger controller for determining cell voltages for using in, for
example, cell balancing operations. In a further embodiment of the invention one or more sensor
elements can be located between adjacent cells for measuring temperature and other cell
characteristics. In one embodiment a pressure sensor is provided between adjacent cells for
detecting expansion in cell thickness during charge and discharge cycles. If pressure or

deformation of the substrate between adjacent cells exceeds a threshold this may indicate an
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abnormal and possibly dangerous cell condition. Signals from such sensors are transmitted to the

battery controller 44, or a battery charger controller.

Traditional lithium ion cells used in tool batteries are mechanically contained in a strong
cylindrical metal can. These cans are grouped together to form a battery and located in a battery
pack housing. The interior of the housing has a first housing volume and the grouped cell cans
defines a combined battery volume. The fill-factor of a cylindrical body in a substantially square
or rectangular housing is at best P1 divided by 4 (II/4) or 78%. The stacked flat cells of the
present invention provides a ratio of the combined battery volume to housing volume (fill ration)

of greater than 80%, allowing for a smaller more light weight battery.

In the various embodiments described above the battery comprises a plurality of interconnected
cells. In at least one alternative embodiment the battery may comprises just one lithium polymer
based chemistry cell. In other alternative embodiment the battery may comprises between 2 and
20 interconnected cells, or more preferably between 2 and 10 interconnected cells. In yet another
embodiment the battery may comprises between 3 and 5 cells interconnected in series. In the
various embodiments the cells may be interconnected in series, in parallel, or groups of series
cells may be interconnected in parallel in order to obtain a desired output voltage and combined

average discharge current.
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CLAIMS

1. A lithium-polymer based battery pack for powering a hand held power tool or a garden
tool, the battery pack comprising:

a housing selectively connectable to and supportable by a hand held power tool or a
garden tool,

a battery cell located within the housing, the cell having an output voltage of at least 4
volts and producing an average discharge current of greater than 10 amps, wherein the battery
cell has a lithium-polymer based chemistry and a nominal charged internal impedance of less

than or equal to approximately 10 milliohms.

2. The lithium-polymer based battery pack of claim 1 further comprising a plurality of the
battery cells located within the housing, the plurality of cells being interconnected to have a
combined output voltage of at least 4 volts and a combined average discharge current of greater
than 10 amps, wherein each cell has a lithium-polymer based chemistry and a nominal charged

internal impedance of less than or equal to approximately 10 milliohms.

3. The lithium-polymer based battery pack of claim 2 wherein the plurality of the battery

cells comprises between 2 and 20 cells interconnected in series.

4, The lithium-polymer based battery pack of claim 2 wherein the plurality of the battery

cells comprises between 2 and 10 cells interconnected in series.

5. The lithium-polymer based battery pack of claim 2 wherein the plurality of the battery

cells comprises between 3 and 5 cells interconnected in series.

6. The lithium-polymer based battery pack of any preceding claim wherein each of the

battery cells has a nominal amp-hour capacity of greater than 1.5 amp-hours.

7. The lithium-polymer based battery pack of any preceding claim wherein each of the

battery cells has a nominal cell voltage of between 2 volts and 4.2 volts.

10
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8. The lithium-polymer based battery pack of any preceding claim wherein the battery cells

have a combined output voltage of between 4 volts and 40 volts.

9. The lithium-polymer based battery pack of any preceding claim wherein each of the
battery cells comprises an anode electrode sheet, a cathode electrode sheet and a lithium-polymer

based substrate lamented between the anode and cathode electrode sheets.

10. The lithium-polymer based battery pack of any preceding claim wherein each of the
battery cells is generally flat and has a cell width and a cell thickness, the cell thickness being
less than 15% of the cell width.

11. The lithium-polymer based battery pack of any one of claims 2 to 10 wherein the plurality
of battery cells are layered within the housing such that each cell is lying adjacent another one of

the cells, and further including a resiliently deformable substrate between the adjacent cells.

12. The lithium-polymer based battery pack of claim 11 wherein a distance between the

adjacent cells in greater than 5% of the cell width.

13. The lithium-polymer based battery pack of claim 11 wherein the resiliently deformable

substrate is thermally conductive or contains a thermally conductive component.
14. The lithium-polymer based battery pack of claim 11 including at least one sensor element
located between at least two adjacent ones of the cells, said sensor element providing a sensor

signal to a battery controller.

15. The lithium-polymer based battery pack of claim 14 wherein the sensor element

comprises a temperature sensor.

16. The lithium-polymer based battery pack of claim 14 wherein the sensor element

comprises a temperature sensor, and wherein a second pressure sensing element is located

11
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between at least two adjacent ones of the cells and provides a pressure sensor signal to a battery

controller

17. The lithium-polymer based battery pack of any one of claims 2 to 16 wherein the housing
defines a housing volume and the plurality of cells provides a combined battery volume, and

wherein a ratio of the combined battery volume to the housing volume 1s greater than 80%.

18. The lithium-polymer based battery pack of any preceding claim wherein each of the
battery cells comprises a first connection lead connected with an anode sheet of the cell and a
second connection lead connected with a cathode sheet of the cell, the first connection lead
extending from a first edge of the cell and the second connection lead extending from a second

edge of the cell, the second edge being a different edge to the first edge of the cell.

19. The lithium-polymer based battery pack of claim 18 wherein the second edge is

symmetrically opposite the first edge.

20. The lithium-polymer based battery pack of claim 18 or 19 wherein the plurality of battery
cells is stacked within the housing such that each cell is lying adjacent another one of the cells, at

least one of the connection leads joined with a connection lead of an adjacent cell.
21 The lithium-polymer based battery pack of claim 20 further including a guide member
having a convex guiding surface abutting the joined connection leads extending between adjusted

cells.

22. The lithium-polymer based battery pack of claim 21 wherein the guide member supports

the joined connection leads about a smooth radius between the adjusted cells.

23. The lithium-polymer based battery pack of claim 21 or 22 further including a resiliently

deformable substrate between adjacent cells.

12
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24. The lithium-polymer based battery pack of claim 23 wherein the guide member and

resiliently deformable substrate between adjacent cells 1s a single integral member.

25. The lithium-polymer based battery pack of any preceding claim wherein the plurality of
battery cells 1s supported within the housing in a resiliently deformable cradle surrounding at

least a part of each cell.

26. The lithium-polymer based battery pack of claim 25 wherein the resiliently deformable
cradle comprises two or more resiliently deformable members each abutting at least one battery

cell.

27. A lithium-polymer tool battery comprising:

a housing selectively connectable to and supportable by a hand held power tool or a
garden tool,

a plurality of substantially flat battery cells stacked within the housing such that each sell
is layered over or under an adjacent cell and a resiliently deformable substrate located between
adjacent battery cells, wherein each battery cell has a lithium-polymer based chemistry and a

nominal charged internal impedance of less than or equal to approximately 10 milliochms.

28. The lithium-polymer tool battery of claim 27 further including the lithium-polymer

battery based pack features of any one of claims 3 to 26.

29. A lithium-polymer battery powered tool comprising:

a power tool housing

an electrical motor in the housing,

a motor control circuit for controlling power supplied to the motor from an electrical
energy source,

a battery housing selectively connectable to and supportable by the power tool housing,

a battery within the battery housing for supplying power to the motor control circuit and
motor when the battery housing is connected with the power tool housing,

the battery comprising at least one battery cell having an output voltage of at least 4 volts

13
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and producing a combined average motor supply current of at least 10 amps, wherein each
battery cell has a lithium-polymer based chemistry and a nominal charged internal impedance of

less than or equal to approximately 10 milliohms.

30. The lithium-polymer tool of claim 29, further including the lithium-polymer battery based

pack features of any one of claims 2 to 26.
31. The lithium-polymer tool of claim 29 or 30, wherein the tool is one of a hand held power

tool such as a drill or saw, a lawn or garden care tool such as a lawn mower or edge trimmer, or a

floor cleaner such as a vacuum cleaner.

14
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The multi-functional sampling end minor structure of group batlery

Abstract

The utility mods! belongs to the fechnical field of the baltery pack, in particular to the mulii-functional sampiling end minor
structurs of batlery pack, including the Insert in the slectrods manner piece insert soon linkage segment, parcel temperature
sensor probe the temperature sampling section and with the voltage sample seclion of voliage sample conduclor comprassion
jointing, the voltage sample section through the temperature sampling section with insert the linkage segment soon and be
connected. B is integrated structural to the one terminal with battery pack temperature sampling and voltage sample through
above-mentioned struclure, can only realize temperature sampling or vollage sampls as requirsd, also can realize sampling
simultansously, The utifity modsl disclosss when reafizing batiery voltage and temperature sampling, both simplified technology,

reducad manufacturing cost again, be suitable for bateh production,
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Intelligent smergent start power source with saif-aquipped voice prompt Runction

Abstract

The ulifity moded discloses an intelfigent emergent start power sourcs with a selfeequippsad voics prompt function. Ths intelligent
emergent start power source comprises a batlery pack, whersin the power supply end of the baltery pack is connectad with an
altsrnation switch which is connacted with an ouiput electric clip through a direct current (DO} contactor. The intelligent ameargent
start power sourge further comprises 8 central processing unit {CPUY main control circull, wherain an oulput end of the CPU
main control circuit is connecied with an audio broadeas! system. An input and of the CPU main conirad circult s connactad with
a sampling and driving control circull which is connecled with the altermnation swilch, the DO contaclor and the output slactric clip.
The batlery pack is connecied with a charge port through a power source control circuit, and the power source control circuit and
the charge port are connaciad with the CPU main coniral circuit. The output electric clip and the allernation switch are
raspactively conneciad with the power source control cireuit, The oulput end of the OFPU main control circuit alse Is connecied
with a display circull, and the sampiling and driving control circuil is connscled with a force started bulton. The emergent start
power source can timely and accurately send relative operation information 1o users under different erwironments,

https://worldwide.espacenet.com/patent/search/family/047551751/publication/CN202696190U?9=CN202696190
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The utility model discioses an intelligent emergent start power source with a self-equipped voice
prompt function. The intelligent emergent start power source comprises a batlery pack, wherain
the power supply end of the batiery pack is connected with an allernation switch which is
connected with an oulput glectric clip through a direct current {DC) contacior. The intelligent
emergent start power source further comprises a central processing unit {CRU) main control
circult, wherein an output end of the CPU main control circult is connscted with an audio
broadcast system. An input end of the CPU main control circuit is connectad with a sampling and
driving control circuil which is connected with the allernation switch, the DC contacior and the
autput electric clip. The battery pack is connecied with a charge port through a power source
control circull, and the power source control circuit and the charge port are connected with the
CPU main control circuit. The output electric clip and the alternation swiich are respeciively
conngcted with the power source conirol circull. The oulput end of the CRU main control cirguit
also Is connected with a display circult, and the sampling and driving controd circuit is connected
with a force started butlon. The emergent slart power source can timely and accurately send
relative operation information 1o users under different environments.
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Notice

This translation is machine-generated. It cannot be guaranteed that it is intelligible, accurate,
complete, reliable or fit for specific purposes. Critical decisions, such as commercially relevant or
financial decisions, should not be based on machine-translation output.

ABSTRACT JP3185027U

[l

13 PROBLEM TO BE SOLVED: To provide a booster cable for a portable auxiliary power feeding
device having a function as a jump starter, which is compact and lightweight and has excellent
portability, which can withstand relatively intense bending motion and does not cause
disconnection of a core wire. Provide booster cables. SOLUTION: A connector cover 240 is
attached to a two-pole connector 230 having a male-female structure for connecting two
connection cables 120A and 120B to a portable auxiliary power supply device, and two cables
are derived from the two-pole connector 230. The lead-out portion of the connection cable is
fixed by the connector cover 240. When the booster cable is grasped and the auxiliary power
supply device is lifted and moved as it is, a strong pulling force is applied and the lead-out
portion of the cable that is repeatedly bent is pinched and protected by the connector cover,
so that there is no risk of disconnection in the core wire. [Selection diagram] Fig. 6
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ELECTRODE CONNECTOR CONTAINING PLATE AND
BATTERY MODULE EMPLOYED WITH THE SAME

FIELD OF THE INVENTION

The present invention relates to an electrode connector for connecting
electrodes of cells with each other, and, more particularly, to an electrode connector
having plates, which are weldable to electrodes, mounted on a wire, thereby
accomplishing easy and convenient electrical connection between the electrodes while
minimizing damage to the cells and enabling inexpensive manufacture of the electrode
connector. Also, the present invention relates to a battery module manufactured with

such an electrode connector.

BACKGROUND OF THE INVENTION

As mobile devices have been increasingly developed, and the demand of such
mobile devices has increased, the demand of secondary batteries has also sharply
increased as a power source for the mobile devices. One of the secondary batteries is a
lithium secondary battery having high energy density and discharge voltage, into which

much research has been carried out and which is now commercially and widely used.

Based on kinds of external devices in which the secondary battery is used, the
secondary battery may be used in the form of a single unit cell or in the form of a

battery pack including a plurality of unit cells electrically connected with each other.

-1-
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For example, small-sized devices, such as a mobile phone, can be operated for a
predetermined period of time from the output and the capacity of a single unit cell. On
the other hand, large-sized devices, such as lap-top computers or electric vehicles,
require use of a medium- or large-sized battery pack because a high output and a large

capacity are necessary.

The battery pack is a battery structure including a plurality of unit cells
electrically connected in series and/or parallel with each other. A wire, a plate, and a
flexible printed circuit board (FPCB) are used in the battery pack so as to accomplish

the electrical connection between electrodes of the unit cells.

The wire is a linear conductive member. Generally, an insulating resin is
covered on the outer surface of the wire, and therefore, the wire has advantages in that
the linear conductive member is easily deformed, and the costs of the liner conductive
member are inexpensive. However, the wire has problems in that it is difficult to
accomplish the electrical connection between the electrodes of the cells by a welding
process, such as spot welding, ultrasonic welding, or laser welding, and a large amount
of heat is transferred to the cells during the welding process, which causes damage to

the cells.

The plate, which is a plate-shaped conductive member, has an advantage in that
the electrical connection between the electrodes of the cells can be easily accomplished
by the above-mentioned welding process. However, the plate has a problem in that it is
difficult to accomplish the electrical connection between the electrodes of the cells even

with only a slight-degree error.

The FPCB, which is widely used in recent years, has advantages in that the

electrical connection between the electrodes of the cells can be easily accomplished like

2-
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the plate, and it is suitable for the electrical connection in a complicated structure.
However, the FPCB has problems in that the FPCB is very expensive, the formability is

lowered, and the assembly operation is difficult.

Processes for constituting a battery module through the electrical connection
between electrodes of a plurality of cells using an FPCB are partially shown in FIGS. 1
and 2. FIG. 1 illustrates a normal assembly process of the battery module in which the
connection between the electrodes is normally accomplished, and FIG. 2 illustrates an
abnormal assembly process of the battery module in which the connection between the

electrodes is abnormally accomplished.

Referring to FIGS. 1 and 2, an FPCB 10 includes a flexible board 12, on
which a circuit 14 is formed. To the circuit 14 are connected electrodes 22 of cells 20.
When the connection circuit 14 of the FPCB 10 is properly arranged on the electrodes
22 of the cells 20, which are disposed regularly, as shown in FIG. 1, normal electrical
connection between the electrodes is accomplished. When an error occurs at the first
connection process as shown in FIG. 2, on the other hand, it is difficult to accomplish
subsequent electrical connections between the electrodes. Consequently, the assembly

operation is inaccurately carried out.

SUMMARY OF THE INVENTION

Accordingly, it is an object of the present invention to substantially obviate
the above-mentioned problems of the conventional arts as well as the technical

problems requested from the past.

The inventors have performed various experiments and research, and finally

have developed an electrode connector having advantages of both the wire and the

-3-
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plate. Specifically, the electrode connector includes a flexible wire and plates, which
can be easily welded to electrodes of cells, mounted on the wire. Consequently, the
electrode connector can be manufactured inexpensively, the assembly operation is
easily carried out due to the characteristics of the deformable wire, and the electrical
connection between the electrodes of the cells is accomplished by the plates, which

can be easily welded to the electrodes.

In accordance with one aspect of the present invention, the above and other
objects can be accomplished by the provision of an electrode connector comprising: a
conductive wire; and plates mounted on the wire such that the plates can be
electrically connected to electrodes of cells, wherein the plates are electrically

connected to the wire.

The conductive wire is a linear conductive member. Preferably, the
conductive wire is covered with an insulating resin such that a short circuit to a
peripheral device is prevented. The material for the wire is not particularly restricted
so long as the material is conductive. For example, conductive materials generally
used in electrical engineering applications, such as copper, iron, and lead, may be used
for the wire. Preferably, the wire is made of copper, which has excellent flexibility and

electrical conductivity.

The plates are plate-shaped conductive members, which are parts of the
electrode connector and which are electrically connected to the electrodes of the cells.
The material for the plates is not particularly restricted so long as the electrical
connection between the plates and the electrodes of the cells is accomplished. For
example, nickel, aluminum, copper, iron, and alloy thereof may be used for the plates.

Preferably, the plates are made of nickel or nickel alloy, which is excellent in terms of
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cost and electrical conductivity.

The electrical connection between the plates and the electrodes of the cells
may be accomplished in various manners. For example, the plates and the electrodes
of the cells may be electrically connected with each other by welding, mechanical
coupling, or adhesion. Preferably, the electrical connection between the plates and the
electrodes of the cells is accomplished by spot welding, ultrasonic welding, laser

welding, or soldering.

The present invention is characterized in that the electrical connection
between the electrode connector and the electrodes of the cells is accomplished by the
plates, and the interconnection of the plates is accomplished by the wire.
Consequently, the coupling between the electrodes and the plate is easy, and the
electrical connection of the plates is accomplished using the flexible wire irrespective

of the distance between the electrodes.

The electrode connector according to the present invention may be
constructed by separately manufacturing the wire and the plates and then coupling the
wire and the plates with each other. Alternatively, the wire and the plates are
integrally formed in a single body to construct the electrode connector. In a preferred
embodiment, the electrode connector is constructed by clamping a plurality of plates
to a single wire. According to circumstances, a plurality of unit members, each of
which is manufactured by coupling a single plate to a single wire, are connected with

each other to construct the electrode connector according to the present invention.

In accordance with another aspect of the present invention, there is provided a

battery module manufactured with the electrode connector as described above.
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The battery module includes two or more cells, which are electrically and
mechanically connected with each other to provide high-output, large-capacity
current, which cannot be obtained by a single cell. In the battery module is used a
connector for connecting the unit cells in series and/or parallel with each other. The
electrode connector serves to electrically connect a plurality of cells (unit cells), and
therefore, the electrode connector is useful to connect the electrodes of the unit cells
with each other and to connect the electrodes of the unit cells to a predetermined

external device when manufacturing a medium- or large-sized battery module.

The structure of the battery module manufactured with two or more unit cells
to provide high output and large capacity may be various. The structure of the battery
module is well known to those skilled in the art to which the present invention
pertains, and therefore, a detailed description thereof will not be given. It should be
noted, however, that the structure of the battery module using the electrode connector

according to the present invention falls into the scope of the present invention.

Preferably, the battery module according to the present invention is used in a
battery pack, which is a power source for small-sized devices, such as lap-top
computers, and large-sized devices, such as electric vehicles or hybrid electric

vehicles.

BRIEF DESCRIPTION OF THE DRAWINGS

The above and other objects, features and other advantages of the present
invention will be more clearly understood from the following detailed description

taken in conjunction with the accompanying drawings, in which:

FIGS. 1 and 2 are typical views respectively illustrating normal and abnormal

-6-
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assembly processes when electrodes of cells are connected with each other using a

flexible printed circuit board (FPCB) according to a conventional art;

FIG. 3 is a partial typical view illustrating an electrode connector according

to a preferred embodiment of the present invention;

FIG. 4 is a typical view illustrating an exemplary plate used in the electrode

connector according to the present invention; and
FIG. 5 is a sectional view taken along line A-A of FIG. 3.
<Description of Main Reference Numerals of the Drawings>

100: electrode connector
200: wire
300: plate

DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS

Now, a preferred embodiment of the present invention will be described in
detail with reference to the accompanying drawings. It should be noted, however, that

the scope of the present invention is not limited by the illustrated embodiment.

FIG. 3 is a partial typical view illustrating an electrode connector 100

according to a preferred embodiment of the present invention.

Referring to FIG. 3, the electrode connector 100 includes a wire 200 and a
plurality of plates 300 mounted on the wire 200. The wire 200 includes a conductive

core member 210 and an insulating sheath 220 for covering the conductive core

member 210.
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The structure of the plate 300 is shown in more detail in FIG. 4. As shown in
FIG. 4, the plate 300 has a side clamping part 320 formed at one side end of a plate-
shaped body 310 and a lower clamping part 330 formed at the lower end of the plate-
shaped body 310. The plate 300 is securely mounted on the wire core member 210
(chain double-dashed line) by the clamping parts 320 and 330, and therefore, the
electrical connection between the plate and the wire is accomplished. The side
clamping part 320 may be formed at the other side end of the plate-shaped body 310.
Each electrode of cells (not shown) is electrically connected to the plate-shaped body

310, preferably, by welding.

Referring back to FIG. 3, the conductive core member 210 is exposed at the
area of the wire 200 where the plate 300 is mounted. Consequently, the plate 300 is
connected to the wire 200 by the clamping parts 320 and 330 of the plate 300, and

therefore, the electrical connection between the plate and the wire is accomplished.

FIG. 5 is a sectional view taken along line A-A of FIG. 3. The insulating
sheath 220 (chain double-dashed line) is not present at the area of the wire where the
plate is connected to the wire. Consequently, the conductive core member 210 is
brought into direct contact with the side clamping part 320 of the plate 300, and

therefore, the electrical connection between the plate and the wire is accomplished.

Although the preferred embodiment of the present invention has been
disclosed for illustrative purposes, those skilled in the art will appreciate that various
modifications, additions and substitutions are possible, without departing from the

scope and spirit of the invention as disclosed in the accompanying claims.

For example, the structure of the plate and the electrical connection between

the plate and the wire may be modified in various ways based on the illustrative

-8-
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example of FIG. 3.

INDUSTRIAL APPLICABILITY

As apparent from the above description, the electrode connector according to
the present invention is electrically connected to the electrodes of the cells by means
of the plates. Consequently, the coupling of the electrode connector to the electrodes
of the cells is easily accomplished by welding while damage to the cells is minimized.
Furthermore, the electrical connection between the plates is accomplished by means of
the flexible wire. Consequently, the assembly operation for the electrode connection is
very easily carried out, and the electrode connector can be manufactured

inexpensively.
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WHATIS CLAIMED IS:
1. An electrode connector comprising:
a conductive wire; and

plates mounted on the wire such that the plates can be electrically connected

to electrodes of cells, wherein
the plates are electrically connected to the wire.

2. The electrode connector as set forth in claim 1, wherein the wire is covered

with an insulating resin.

3. The electrode connector as set forth in claim 1, wherein the wire is made of

copper, and the plates are made of nickel.

4. The electrode connector as set forth in claim 1, wherein the electrical
connection between the plates and the electrode of the cells is accomplished by spot

welding, ultrasonic welding, laser welding, or soldering.

5. The electrode connector as set forth in claim 1, wherein the electrode

connector is constructed by clamping a plurality of plates to a single wire.

6. A battery module manufactured with an electrode connector as set forth in

any one of claims 1 to 5.

7. The battery module as set forth in claim 6, wherein the electrode connector is

used to connect electrodes of a plurality of cells (unit cells) with each other or to

connect the electrode of one of the unit cells with a predetermined external device.

-10-
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Description

[0001] The present invention relates to the connection of a lithium or lithium alloy foil electrode or electrodes to a
contact lead, so as to promote good electrical and mechanical contact therebetween.

BACKGROUND

[0002] Primary and rechargeable batteries using metallic lithium as the active material for the negative electrode are
known to have the highest energy per unit weight and per unit volume.

[0003] For the purposes of the present application, the following definitions are to be considered:

[0004] A negative electrode, or anode, is a lithium or lithium alloy foil component having a negative potential. A negative
electrode typically features a current collector and a contact tab.

[0005] A currentcollector is an electrically conductive metallic foil used to provide a path for electrons from the external
electrical circuit to the electrochemically active portion of the battery. A current collector will typically feature a contact tab.
[0006] A contact tab is a metal foil portion of the current collector, which does not take part in the electrochemical
process. It may extend from an edge of the main body of the current collector and is used to form the mechanical base
for a weld to a contact lead.

[0007] A contact lead is a piece of electrically conductive metallic material used to form an electrical contact from the
contact tab through a hermetically sealed battery container to the external electrical circuit. It is typically welded (in cells
where metallic lithium is not used) or mechanically connected to the contact tab.

[0008] The contact lead must be connected or joined to the lithium in such a manner that a low resistance electrical
connection is formed. Further, the connection or join must be mechanically strong enough to last for the expected life
of the battery.

[0009] The current collectors in lithium primary batteries are typically composed of a metallic conductcor other than
lithium. The contact lead may be exposed to the electrolyte in an electrochemically active zone of the battery. This is
not generally a problem in primary batteries; however it may cause problems in rechargeable (or secondary) batteries.
In secondary batteries, lithium must be electrochemically deposited when the battery is recharged. In order to provide
good reproducibility of performance, when the battery is repeatedly recharged, an excess of lithium is used so that lithium
is only ever deposited onto lithium. If the contact lead or current collector is left exposed, then lithium will be plated onto
a non-lithium substrate. This greatly increases the probability of unpredictable lithium deposition and hence poor cycling
performance. This typically takes the form of active dendrite formation resulting in the quick degradation of the recharge-
able lithium system. Examples of such failure mechanisms are described in US5368958, the full disclosure of which is
incorporated into the present application by reference.

[0010] In a secondary battery with a lithium-based anode, the lithium is typically connected to the external circuit by
one of two methods. Either a contact lead similar in design to that described for primary lithium batteries is used; as in
US7335440, the full disclosure of which is incorporated into the present application by reference. US7335440 discloses
the provision of a current collector in the form of a flat, solid piece of titanium, nickel, copper or an alloy of nickel or
copper. The current collector is provided with a contact tab. A relatively long strip of alkali metal foil, having a width
similar to the height of the current collector, is placed under the current collector and the two are pressed together. It is
to be noted that, following assembly of the battery, the current collector (which is not made of an alkali metal) is immersed
in electrolyte. Moreover, US7335440 states that this arrangement has problems in coiled, anode-limited cells of the type
disclosed therein since there is a potential for a short circuit to be formed between the cathode material and the anode
current collector when the thin layer of lithium has substantially depleted into the cathode in the outermost winding.
[0011] A variation of this method uses the metallic cell casing for the dual purpose of collecting current from the lithium,
as in US7108942, the full disclosure of which is incorporated into the present application by reference. Additionally, the
reverse face of the lithium electrode may be pressed or rolled against a thin metal current collector, as in US5368958,
the full disclosure of which is incorporated into the present application by reference. The current collector can then be
welded to a metal contact lead. However, if the current collector becomes exposed to the electrolyte, there is a risk that
lithium will be plated onto the non-lithium current collector with the possible formation of dendrites that may short-circuit
the battery. The metal current collector also adds unnecessary mass to the battery and reduces its specific energy.
[0012] In all of the examples described above, the contact of metallic lithium with the current collector is purely me-
chanical, which may be acceptable for primary batteries. However, for lithium metal rechargeable batteries such me-
chanical contact is not reliable. Indeed due to the reactive character of metallic lithium, corrosion layers may readily form
on the interface of the mechanical connection between the lithium and the current collector. This may result in lower
battery reliability as well as faster degradation in the capacity and cycle life of rechargeable lithium metal batteries.
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BRIEF SUMMARY OF THE DISCLOSURE

[0013] Viewed from a first aspect, there is provided a method of connecting at least one electrode to a contact lead,
wherein the electrode comprises a sheet or foil of a first metal with a tab protruding from an edge of the sheet or foil,
and wherein the contact lead comprises an electrically conductive lead with an end portion made of a second metal that
does not alloy with the first metal and having a plurality of through holes, the method comprising the steps of:

i) positioning the end portion of the contact lead and the tab of the at least one electrode so that there is substantial
overlap between the end portion and the tab;

ii) causing the metal of the tab to penetrate through the through holes of the end portion so as to join the at least
one electrode to the contact lead.

[0014] In stepii), the metal of the tab may be caused to penetrate through the through holes by pressing and welding,
for example by way of ultrasonic welding, thermal contact welding, laser welding or induction welding. Advantageously,
the welding is effected in such a way so as not to cause significant thermal deformation or changes in the main laminar
sheet or foil of the at least one electrode, but to concentrate the applied energy in the locality of the tab.

[0015] The end portion of the contact lead may be substantially flat or planar, or may take other shapes or configurations
depending, for example, on the shape or configuration of any welding equipment that is used.

[0016] In some embodiments, there may be provided a plurality of electrodes, each comprising a sheet or foil of the
first metal with a tab protruding from each sheet in substantially the same location, so that the tabs of the stack of
electrodes are substantially aligned when the electrodes are aligned with each other and arranged as an electrode stack.
[0017] In these embodiments, the perforated end portion of the contact lead may be placed on top of the tabs of the
electrode stack, underneath the tabs of the electrode stack, or at an intermediate position between the top and the
bottom (i.e. with at least one tab above and at least one tab below). The tabs and the perforated end portion are then
pressed together and the first metal (of the tabs) is caused to penetrate through the holes in the perforated planar end
portion (made of the second metal) of the contact lead. Alternatively, the tabs of the electrode stack may be pressed
together before the perforated end portion is placed on top of or underneath the compressed tabs and the penetration
of step ii) is performed.

[0018] In embodiments where there is provided a stack of electrodes, the pressing and welding step causes the tabs
to join together physically as well as to penetrate into the through haoles of the contact lead.

[0019] Particularly preferred metals for the first metal are lithium and lithium alloys, since these tend to be useful as
anode materials in secondary batteries, and are also soft and malleable, which allows a good connection to be made
with the perforated end portion of the contact lead when the pressing and welding step is performed.

[0020] The end portion of the contact lead may be perforated, punched or have a mesh-like or reticulated form. What
is important is that when the first metal of the tabs is sufficiently malleable that it can pass through the through holes so
as to cause the second metal of the end portion to become embedded in what is preferably a single phase of the first
metal. This forms an intimate contact between the first and second metals, and thus between the contact lead and the
electrodes.

[0021] The greater the openness or surface area of the end portion of the contact lead, the better the electrical (and
physical) connection between the contact lead and the electrodes. The openness of the end portion may be defined as
the ratio of open area to the full surface area of the end portion. The openness of the end portion of the contact lead
may be in the range of 5% to 95%.

[0022] The electrically conductive lead of the contact lead may itself be generally planar, for example in the form of a
ribbon, although other profiles may be useful. The electrically conductive lead may be made of the same metal as the
second metal forming the end portion, or of a different metal.

[0023] In this way, it is possible for form a reliable connection with a contact lead made of a metal other than the metal
of the electrode. It will be understood that the contact lead, which will generally be exposed outside the casing of the
battery, must be made of a metal that has good electrical conductivity but is not highly reactive when exposed to air or
moisture. Suitable metals include nickel, copper, stainless steel or various alloys.

[0024] Moreover, the metal of the contact lead, since it is connected only to the protruding tabs of the electrodes, is
not directly exposed to electrolyte when the battery is assembled.

[0025] A further advantage is that a good connection can be made to the at least one electrode without the electrode
as a whole needing to be formed or disposed on a current collector made of a metal other than the first metal. In other
words, the main part of the electrode that is exposed to the electrolyte consists solely of the first metal (e.g. lithium or a
lithium alloy), with no need for a copper or nickel or other current collector that would add unnecessary weight and act
as a substrate for the formation of dendrites during cycling.

[0026] Moreover, itis important that the second metal (of the contact lead) is selected so that it does not form an alloy
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with the first metal (of the electrode). This is in order to avoid reduction of the amount of the first metal that is available
to the electrochemical system of the battery. For example, lithium will form an alloy with aluminium, but not with nickel
or copper.

[0027] In certain embodiments, the electrode is configured as an anode, or negative electrode, for a battery. However,
it will be appreciated that the method is applicable also to cathodes, or positive electrodes, where these are made of a
metal that is suitable for pressing and welding to a perforated second metal as described.

[0028] Viewed from a second aspect, there is provided, in combination, at least one electrode for a battery and a
contact lead, wherein the electrode comprises a sheet or foil of a first metal with a tab protruding from an edge of the
sheet or foil, and wherein the contact lead comprises an electrically conductive lead with an end portion made of a
second metal that does not alloy with the first metal and having a plurality of through holes, wherein the first metal of
the tab has been pressed and welded so as to penetrate through the through holes of the second metal end portion.
[0029] Embodiments of the present invention seek to provide a negative electrode (anode) eliminating the need for
the current collector, and a method of forming a reliable physical contact between different pieces of metallic lithium and
the contact lead, thereby to promote good electrical contact between metallic lithium and the material of the contact lead.
[0030] In preferred embodiments, an excess of metallic lithium is used such that at the end of the battery life there is
a substantial amount of lithium metal which serves as the current caollector for the negative electrode. The use of lithium
as the current collector eliminates mechanical contact between metal lithium and another current collector material.
[0031] In some embodiments, there may be provided a plurality of electrodes, each comprising a sheet or foil of the
first metal with a tab protruding from each sheet in substantially the same location, so that the tabs of the stack of
electrodes are substantially aligned when the electrodes are aligned with each other and arranged as an electrode stack.
[0032] The lithium metal of the negative electrode in the region of the tabs may form a single phase connection from
lithium electrode to lithium electrode in the electrode stack. Such connection is achieved by using pressing and welding
as hereinbefore described.

[0033] The contact lead, or at least the end portion thereof, may be thin (for example, with a thickness of 5 to 50p.m),
or may be thick (for example, with a thickness of 50 to 10,000pm).

[0034] The contact lead may be substantially linear, or may have a "T’-shaped or 'L’-shaped configuraticn.

[0035] The end portion of the contact lead may be an integral part of the contact lead (in other words, formed from
the same material as the rest of the contact lead and integral therewith), or may be a separate metal component, not
necessarily of the same material as the rest of the contact lead, and welded thereto (for example by ultrasonic welding,
thermal contact welding, laser welding, induction welding or other types of welding).

BRIEF DESCRIPTION OF THE DRAWINGS

[0036] Embodiments of the invention are further described hereinafter with reference to the accompanying drawings,
in which:

FIGURES 1a to 1c shows a battery stack with anodes, cathodes and tabs, and three alternative positionings for a
contact lead;

FIGURES 2a to 2e shows possible designs for the contact lead; and
FIGURE 3 shows the contact lead being ultrasonically welded to the tabs.
DETAILED DESCRIPTION

[0037] A battery can be formed by an alternating stack of numerous cathodes and anodes. Each of these layers is
divided by a separator. An ionic pathway is maintained by the presence, between each electrode, of an electrolyte. Each
electrode 1 features a tab 2 protruding from its electrochemically active area and beyond the edge of the separator.
These tabs 2 provide the first surface through which the stack 3 of lithium anodes will be welded to each other and joined
to a contact lead 4. The tabs 2 are first folded and/or formed by pressing. A contact lead 4 is then positioned at the top
(Figure 1a) or bottom (Figure 1b) of the stack 5 of tabs 2, or it may be positioned between any two lithium tabs 2 (Figure
1¢).

[0038] The contact leads 4 may take a number of forms (Figures 2a to 2e). The body 8 is composed of a conductive
metal ribbon, typically nickel, copper, stainless steel or some compaosite conductor. The end portion 7 (the area to be
welded) is typically perforated, meshed or punched. The end portion 7 may be an integral part of the metal ribbon 6, or
it may be a separate piece welded to the ribbon 6. Where the end portion 7 is a separate piece welded to the ribbon 6,
it may be made of a different metal to that of the ribbon 6. The contact may be linear, "T" or "L" shaped. The perforations
may be rhombic, circular, square, rounded, polygonal or any other suitable shape.
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[0039] The tabs 2 and the contact lead 4 are then positioned between the two weld fixtures 8 of an ultrasonic welder
(Figure 3). The ultrasonic welder then simultaneously applies pressure and an ultrasonic wave to the weld area. This
causes the numerous lithium layers 2 to fuse together to form a lithium-lithium weld. Further, the softened lithium
percolates through the perforated or meshed area 7 of the contact lead 4. The contact lead 4 is hence joined to the
lithium 2 as the mesh 7 is intimately surrounded by lithium. The high surface area contact between the mesh 7 of the
contact lead 4 and the lithium electrode 1 produces a low resistance and a mechanically strong electrical contact. When
the ultrasonic wave ceases and the pressure is released, the contact lead 4 will be joined to the lithium anodes 1.

EXAMPLE 1

[0040] A linear nickel contact lead, composed of 50u.m thick nickel ribbon, was used. The endmost 5mm of the contact
lead was expanded to form a mesh. A battery with 60 lithium anodes, each of 78um thickness, was assembled. A stack
of lithium contact tabs protruded from the battery. The lithium contact tabs were formed and trimmed to produce a flat
welding area and to ensure that each of the tabs, regardless of its position, in the stack used the minimum quantity of
lithium. The formed stack of lithium tabs was then positioned between the welding fixtures of an ultrasonic welder. The
contact lead was then positioned on top of the stack of lithium tabs, such that the meshed region overlapped with the
flat lithium welding zone. The welding conditions listed in Table 1 were then entered into an AmTech 900B 40kHz
ultrasonic welder. A single weld was then performed. Each of the 60 lithium layers were welded firmly to each other. A
strong join was produced between the lithium and the contact lead. This join had been created by the softened lithium
penetrating through the mesh of the contact lead.

Table 1 - The welder setting used in Example 1.

Energy/J | Amplitude/pm | Trigger Pressure / Psi | Pressure/Psi

180 5 20 20

EXAMPLE 2

[0041] A "T" shaped contact lead was made by welding a piece of nickel ribbon (50pum thick) to a piece of copper
mesh. The mesh opening was approximately 200x700um, with a bar width of 100pum. The mesh was thrice as long as
the nickelribbon was wide. The mesh was 5mm wide; the same as the welding zone. The mesh was positioned centrally
to form the cross of the "T" and welded into position by an ultrasonic welder using the conditions given in Table 2, weld
A. The contact lead was positioned between the welding fixtures of an ultrasonic welder such that the meshed region
fell into the welding zone.

[0042] A battery with 20 lithium anodes, each of 78um thickness, was assembled. A stack of lithium contact tabs
protruded from the battery. The stack of lithium contact tabs was formed and trimmed to produce a flat welding area
and to ensure that each of the contact tabs, regardless of its position, in the stack used the minimum quantity of lithium.
[0043] The stack of lithium contact tabs was then positioned on top of the contact lead, between the welding fixtures
of an ultrasonic welder. The copper mesh "arms” of the "T" shaped contact lead were then folded around the stack of
lithium contact tabs. The welding conditions listed in Table 2, weld B were then entered into an AmTech 900B 40kHz
ultrasonic welder. A single weld was then performed. Each of the 20 lithium layers were welded firmly to each other. A
strong join was produced between the lithium and the contact lead. This join had been created by the softened lithium
penetrating through the mesh of the contact lead.

Table 2 - The welder settings used in Example 2

Weld Energy/J | Amplitude/um | Trigger Pressure/ Psi | Pressure/ Psi
A 70 80 80 5
B 10 5 20 20

EXAMPLE 3

[0044] An"L" shaped contact lead was manufactured by photochemical etching from a sheet of 100.m thick stainless
steel. The upright section of the "L" is continuous steel foil. The base of the "L" was etched with a mesh pattern. The
mesh opening was 500x500pm and the bar width was 100pm. The base of the "L" was twice the width of the upright
section. The width of the base section was 5mm, the same as the weld zone.
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[0045] A battery with 20 lithium anodes, each of 78um thickness, was assembled. A stack of lithium contact tabs
protruded from the battery. The contact lead was positioned between the top face to the lowermost lithium contact tab
and the bottom face of the remainder of the stack. The remainder of the stack of lithium contact tabs was pushed down
onto the meshed region of the contact lead. The protruding meshed section of the contact lead was folded over the stack
of contact tabs. The contact assembly was positioned between the welding fixtures of an ultrasonic welder such that the
meshed regions fell into the welding zone.

[0046] The welding conditions listed in Table 3 were then entered into an AmTech 900B 40kHz ultrasonic welder. A
single weld was then performed. Each of the 20 lithium layers were welded firmly to each other. A strong join was
produced between the lithium and the contact lead. This join had been created by the softened lithium penetrating
through the mesh of the contact lead.

Table 3 - The welder settings used in Example 3

Energy/J | Amplitude/pm | Trigger Pressure / Psi | Pressure/Psi

40 5 20 20

[0047] Throughout the description and claims of this specification, the words "comprise™ and "contain™ and variations
of them mean "including but not limited to", and they are not intended to (and do not) exclude other moieties, additives,
components, integers or steps. Throughout the description and claims of this specification, the singular encompasses
the plural unless the context otherwise requires. In particular, where the indefinite article is used, the specification is to
be understood as contemplating plurality as well as singularity, unless the context requires otherwise.

[0048] Features, integers, characteristics, compounds, chemical moieties or groups described in conjunction with a
particular aspect, embodiment or example of the invention are to be understood to be applicable to any other aspect,
embodiment or example described herein unless incompatible therewith. All of the features disclosed in this specification
(including any accompanying claims, abstract and drawings), and/or all of the steps of any method or process so
disclosed, may be combined in any combination, except combinations where atleast some of such features and/or steps
are mutually exclusive. The invention is notrestricted to the details of any foregoing embodiments. The invention extends
to any novel one, or any novel combination, of the features disclosed in this specification (including any accompanying
claims, abstract and drawings), or to any novel one, or any novel combination, of the steps of any method or process
sa disclosed.

[0049] The reader’s attention is directed to all papers and documents which are filed concurrently with or previous to
this specification in connection with this application and which are open to public inspection with this specification, and
the contents of all such papers and documents are incorporated herein by reference.

Claims

1. A method of connecting at least one electrode to a contact lead, wherein the electrode comprises a sheet or foil of
a first metal with a tab protruding from an edge of the sheet or foil, and wherein the contact lead comprises an
electrically conductive lead with an end portion made of a second metal that does not alloy with the first metal and
having a plurality of through holes, the method comprising the steps of:

i) positioning the end portion of the contact lead and the tab of the at least one electrode so that there is
substantial overlap between the end portion and the tab;

ii) causing the metal of the tab to penetrate through the through holes of the end portion so as to join the at
least one electrode to the contact lead.

2. A method according to claim 1, wherein, in step ii), the metal of the tab is caused to penetrate through the through
holes by pressing and welding.

3. A method according to claim 2, wherein the welding is ultrasonic welding.
4. A method according to claim 2, wherein the welding is thermal contact welding, laser welding or induction welding.
5. A method according to any one of claims 2 to 4, wherein the welding does not cause significant thermal deformation

or changes in the laminar sheet or foil of the at least one electrode, but concentrates the applied energy in the locality
of the tab.
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A method according to any one of the preceding claims, wherein there is provided a plurality of electrodes, each
comprising a sheet or foil of the first metal with a tab protruding from each sheet in substantially the same location,
so that the tabs of the stack of electrodes are substantially aligned when the electrodes are aligned with each other
and arranged as an electrode stack.

A method according to claim 6, wherein the perforated end portion of the contact lead is placed on top of the tabs
of the electrode stack in step i).

A method according to claim 6, wherein the perforated end portion of the contact lead is placed underneath the tabs
of the electrode stack in step i).

A method according to claim 8, wherein the perforated end portion of the contact lead is placed at an intermediate
position between the top and the bottom of the electrode stack in step i).

A method according to any one of claims 7 to 9, wherein the tabs and the perforated end portion are then pressed
together and the first metal is caused to penetrate through the holes in the perforated end portion of the contact lead.

A method according to claim 7 ar 8, wherein the tabs of the electrode stack are pressed together before the perforated
end portion is placed on top of or underneath the compressed tabs and the penetration of step ii) is performed.

A method according to any preceding claim, wherein the end portion of the contact lead is an integral part of the
contact lead.

A method according to any one of claims 1 to 11, wherein the end portion of the contact lead is a separate metal
component that is welded to the contact lead.

A method according to any preceding claim, wherein the first metal is lithium or a lithium alloy.

A method according to any preceding claim, wherein the second metal is selected from a group comprising: nickel,
copper, a nickel or copper alloy that does not alloy with lithium, and stainless steel.

In combination, at least one electrode for a battery and a contact lead, wherein the electrode comprises a sheet or
foil of a first metal with a tab protruding from an edge of the sheet or foil, and wherein the contact lead comprises
an electrically conductive lead with an end portion made of a second metal that does not alloy with the first metal
and having a plurality of through holes, wherein the first metal of the tab has been pressed and/or welded so as to
penetrate through the through holes of the second metal end portion.
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Abstract

PROBLEM TO BE SOLVED: To provide a nonagquedsus slectrolyle sscondary ballery arranged so thal gas generated whan
charge and discharge is repeated can be absorbed, and an ouler sheath can be pravented from being swallsd SOLUTION: A
nonagueous slectrolyie secondary battery comprises: an internal power-generation body 8 including a positive elecirade
inchluding a positive slectrods active material, a nagative electrode including a negative electrode active material, and a separaior
inferposed between the positive and negalive slsclrodes; at lsast two metal tab leads 14 conneciad 1o the posilive and negative
electrodes respeciively; and a film-like ouler sheath 10 which housas the internal power-generalion body 8 logsther with an
slectrolylic solution 20 of nonagqueous slecirolyie in a hermelic condifion. The nonagqueous slactrolvie secondary battery further
comprises a resin part 26 used {0 prevent the short circuit inside the batlery and provided behvsen the outer sheath 10 and the
intarnal powesr-generation body 8, The resin part 26 has a gas-absorbing material such as a hydrogen-absorbable alioy mixed
thereain,
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Remote contred vehicle storage battery auxiliary stanting device
Abstract

The utility modei provides a remote control vehicle storage batlery auiliary starting device which is characlerized by comprising
a Hithium battery pack, a conbrol chip, a power management chip, a first controliable swiich circuit, a second controliable swiich
ciroult, & hattery vollage detection cirguil, a storage batlery voliage deleclion olreuit, a starting circult, an slectric haater, a
wireless receiving head and a ramote conirolier corresponding to the wireless receiving head, 8 negative electrode of the lithium
battery pack is connectad with a negative electrode of a vehicle storage battery, a positive electrode of the lithium battery pack is
connecied with a positive slectrods of the vehicle storage batlery through the first controllable switch circult, the vehicls siorage
baitery, the second controllable switch circult and the elechric heater form a ciroul! loop, and connection and disconnection of the
ioop are controlied by the sscond controfiable switch circuit. The remote control vehicle storags baltery auxiliary starting device
effectively solves the problem that g vehicle cannot be started due © insufficisnt powsr supply caused by low temperature or
aging of the vshicle storags baltery, a remote conirol healing function is added, the vehicls storage batiery is preheated in
advance, and the remote conirol vehicle storage baltery awdliary starting devics has high practicabilily in aclusl fifs.
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inventors: DENG GUOYOU GUO FENG WU YANG
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Application: CN104798527A-2014-01-21

Fublication: CN1047385827A-2015-07-22

Published as: CN104785827A;0N104 78552378, US201708489341; LISS818001R2
Battery moduls

Abstract

The invention discloses a baltery module. The batlery module comprises baltery units and current collectors; the opposite bwo
ends of each battery unil are provided with a gathode elecirode ear and an anode slectreds ear raspsactively; adiacant battary
units are connecled in a Z-shapad patiern by seriss connection of the slactrode sars with the current collectors. The cathode
slectrode sars are aluminium foll slecirade sars or copper foll slectrode sars; the anods slectrode sars are copper foil sleclrode
gars or aluminium fofl slecirode ears; the cathodes elecirode sars and the anode slecirode sars are made of different malerials;
the current collsctors are combined current collectors, and are composed of aluminium shesis and copper shests,

https://worldwide.espacenet.com/patent/search/family/053560186/publication/CN104795527A?q=CN104795527
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LITHIUM STARTER BATTERY
AND SOLID STATE SWITCH THEREFOR

FIELD OF THE INVENTION
The present invention relates to a method and apparatus for starting an internal
combustion (IC) engine. More particularly, the invention is a lithium-based cell for starting
such engines. The invention includes a solid state switching configuration for high poWered
battery systems for protecting against over-charging, over- discharging and short circuiting

of batteries, especially starter batteries for internal combustion engines (ICE).

BACKGROUND OF THE INVENTION

Presently, internal combustion engines use a starter battery comprised of lead-acid to
turn over an electric motor to start an IC engine. Lead-acid batteries are heavy, bulky, and
have short cycle life, short calendar life, and low turn around efficiency. Lead-acid batteries
also have a high internal impedance (resistance) that is greater in cold weather making it more
difficult to start an IC engine in cold weather with less current available. To overcome these
variables, lead-acid starter batteries are provided with oversized battery capacity in order to
produce the necessary current needed for an electric starter to start an IC engine. The
oversized lead-acid battery increases the weight, space requirement, and cost needed to start
an IC engine.

In order to turn off power terminals in presently known starter batteries, expensive
electronic/electrical components are required to handle the high current loads that a starter
motor needs to turn over an IC engine. These embody electronic protection circuitry for upper
voltage cut-off (overcharging), lower level voltage cut-off (over discharging) and temperature
measurements. These circuits also induce heat losses and electrical losses that can be large,
as well as taking up additional space. (Noise) spikes can trigger false voltage, temperature
or current readings that can terminate the battery system’s operation, when in fact all the cells
are working within safe specifications. Some of these protection circuits are temperamental
and difficult to reactivate once they have been triggered. For example, if an under-voltage
condition happens and the cells are still in under-voltage condition with a relay approach,
current can not be provided to the cells since a path has been broken thus another button needs
to be pressed to activate the system for a short duration in order to allow the cells to charge.

Also, in some cases such as a military application or racing application, every last bit of
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energy needs to be extracted, even if it damages the battery.

With any type of rechargeable (secondary) battery used, the battery does not operate
well in a low state of charge (SOC), which in most cases is a low battery voltage. Whenever
a battery is at a low voltage level, the battery can suffer internal damage permanently or the
battery life can be drastically reduced. With battery chemistries such as lithium, over-
charging a battery can be even more dangerous, potentially leading to an exothermal runaway
reaction, which can create a firc. With a solid state switch placed in-line with the battery
output power terminals, the solid state switch can be electronically controlled to open or close
the current pathway leaving or entering the battery. This can prevent battery damage from
happening if the battery voltage is brought too low or too high. This can be applied to any
type of battery chemistry at any voltage. An example is to apply the solid state switch to a
12V car battery that starts a vehicle. A vehicle might have a voltage drain source left on, in
which case the solid state switch would automatically turn off the current flow from the
battery before the battery is damaged.

A relay or contactor could be used as well, but has the following disadvantages:

1) A relay or contactor continuously needs current to keep the contactor open or
closed. That requires energy to do so.

2) A relay or contactor having a closed pathway allows current to flow in both
directions and can not be controlled for a single direction.

3) Arelay or contactor can only be ON or OFF. During a switching process for large
currents large arcing can occur inside the relay or contactor, and that can cause the relay or
contactor to "weld" shut. Once a relay or contactor is welded shut, no switching can occur at
that point, which can be a safety issue, i.e., by not allowing switching to occur when needed.

4) Relays and contactors are large and bulky for larger current applications.

A better approach is to use a solid state switch either a FET, a MOSFET
(metal-oxide—semiconductor field-effect transistor), or IGBT (insulated gate bipolar
transistor) format, but not limited to these, in a unique configuration. The unique
configuration involves connecting two solid state devices such as MOSFET or IGBT with the
"Sources" or "Drains" tied together electrically. These solid state devices can be either N or
P type. A doped semiconductor containing excess holes is called "p-type", and when it
contains excess free electrons it is known as "n-type", where p (positive for holes) or n
(negative for electrons) is the sign of the charge of the majority mobile charge carriers. This
arrangement simplifies the control electronics needed and also allows current to flow in one

direction but not the other with the internal diode. An FET (field-effect transistor) is a
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majority-charge-carrier device having an active channel through which majority charge
carriers, electrons or holes, flow from the source to the drain. Source and drain terminal
conductors are connected to semiconductor through ohmic contacts. The majority charge
carriers enter the channel through the source and leave the channel through the drain. Figure
15 shows the "Drain" of each terminal being connected, and Figure 16 shows the "Source" of
each terminal being connected.

The advantages of a solid state switch are:

1) A solid state switch needs very little energy to activate an allowed pathway to be
open or close.

2) A solid state device can gradually increase current, controlling inrush current that
might occur switching ON large power applications or providing instant short circuit
protection if the current is too high.

3) A solid state switch can be very compact and light for higher power applications.

DESCRIPTION OF THE PRIOR ART
Applicant is aware of the following U. S. Patent concerning battery packs for starting
engines:
US Patent No. Issue Date Inventor  Title

7,525,287 April 28,2009 Miyashi BATTERY PACK FOR DRIVING ELECTRIC
MOTOR OF COMPACT ENGINE
STARTING DEVICE, ENGINE STARTING
DEVICE DRIVEN BY THE BATTERY
PACK, AND MANUAL WORKING
MACHINE HAVING THE ENGINE
STARTING DEVICE

SUMMARY OF THE INVENTION

The invention provides means for increasing the efficiency of a starter battery for a
starter motor of an internal combustion engine. By replacing a lead-acid starter battery with
a lithium base or lithium-iron-phosphate (LiFePO, or LiFePO) or LiFeMgPO, or LiFeYPO,
cell, the needed capacity, weight and size is drastically reduced while increasing the cycle life,
calendar life and turn around efficiency for a starter battery. The lithium iron phosphate
(LiFePO,) cell is a type of rechargeable cell, specifically a lithium ion cell, which uses
LiFePOQ, as a cathode material. It may also include magnesium or yttrium in the lithium iron

compound. Connecting four cylindrical cells in series, each of which has a standard industry
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cell format size of both 18650 (less than 3Ah) or 26650 (less than 4Ah), or prismatic flat or
other type cells, enough current is available to penetrate to a starter motor rated for 12V
system to start large IC engines that use 1, 2, 3, 4, 5, 6, 8, or 12 cylinders. Larger cells may
be utilized in the invention, from 1 Ah to 5000 Ah, common sizes being SAh, 10Ah, 20 Ah,
50Ah, 100Ah, 400Ah, and 500 Ah.

With a configuration of 4 cells in series, no protection circuit board is needed to
protect the individual cells from over-voltage or undervoltage, unlike larger system using
more cells which require a protection circuit board in them for safety protection. Individual
cell balancing is also not needed for such a small starter battery but may be included to
increase the product life. A smaller and lighter starter battery increases the performance of
mobile systems that use staﬁer batteries. The resulting increase of cycle life and calendar life
reduces user costs.

No separate nor special charging system is needed with the invented system

The invention also comprises a housing for the lithium-based cells, with upper and
lower mating casings, a contoured pad within the lower casing for receiving at least one
lithium-based cell, and electrical connections from the at least one lithium-based batter to the
exterior of the housing. Optionally, an upper battery pad may be placed in the upper casing,
and, if desired, a protection circuit board, such as a balancing board or a cut-off circuit, may
be placed within the upper casing for safety protection.

The invented solid state switch apparatus allows current to flow in one direction and
not the other. A minimum of two solid state switches are arranged in a unique configuration,
which allows current to flow in a controlled manner bidirectionally when needed. This is
particularly useful for preventing overcharging or over- discharging an entire battery pack.
A separate cell balancing circuit is used to balance out the individual cells. The solid state
switch can be used on each individual cell, if desired, to prevent overcharging or
over-discharging of the individual cell. It can be used with any battery application in which
charging and discharging is required, and is particularly useful with lithium-based batteries.
It can also be used with lead-acid batteries, nickel-cadmium (NiCd) batteries, and low
self-discharge nickel metal hydride (NiMH) batteries. More sophisticated items of equipment
to which a battery may be attached have programmable shut-off settings, but less sophisticated
equipment does not have shut-off parameters in place. Using a battery in a starter applications
(for instance, to start an IC engine) will prevent the battery from overcharging, as well as
prevent the battery from being discharged to too low a level if a current drain (leakage) is
present in the system, even though everything is turned off.

4
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By connecting the "Sources" or the "Drains" together using a minimum of two solid
state devices allows for automation and simplification to fully and partially switch the
batteries power terminals ON and OFF. The two solid state devices can either be N or P type
and connected either on the Positive or Negative side of the battery terminal and controlled
by simple electronic circuit to control the drivers of the solid state devices.

This invented switch configuration also allows for short circuit protection across the

battery power terminals, along with allowing the maximum current control when charging.

OBJECTS OF THE INVENTION

The principal object of the present invention is to provide means for increasing the
performance of a starter battery for a starter motor of an internal combustion engine.

Another object of the invention is to provide a starter battery for an internal
combustion engine that is lighter, more reliable, has less bulk, longer cycle life, longer
calendar life, and higher turn around efficiency than lead-acid batteries.

A further object of this invention is to provide a starter battery system for an internal
combustion engine that is easy to assemble, waterproof, and maintenance free.

Another object of the invention is to provide a starter battery for an internal
combustion engine that can be used in existing vehicles.

Another object of the invention is to provide a starter battery for an internal
combustion engine that has a wide operating temperature range with exceptional cold-weather
cranking performance.

Another object of the invention is to provide an improved apparatus for protecting a
single cell or battery from being overcharged or over-discharged.

Another object of the invention is to provide apparatus for charging a cell having a
very low charge. '

Another object of the invention is to provide apparatus for short circuit protection for
one or more cells or batteries.

Another object of the invention is to provide apparatus for discharging a cell having
too high a charge.

A further object of the invention is to provide an apparatus for short circuit protection

in case a metal object causes a short circuit across the terminals.

BRIEF DESCRIPTION OF THE DRAWINGS

The foregoing and other objects will become more readily apparent by referring to the
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following detailed description and the appended drawings in which:

Figure 1 is an exploded isometric view of one embodiment of the invention, in which
4 cells are arranged into a starter battery pack.

Figure 2 is an exploded isometric view of another embodiment of the invention, in
which 8 cells are arranged into a starter battery pack.

Figure 3 is an exploded isometric view of another embodiment of the invention, in
which a prismatic cell is arranged into a startcr battery pack.

Figure 4 is a front view of the assembled battery pack of Figure 3, the rear view being
identical.

Figure 5 is a top view of the assembled battery pack of Figure 3.

Figure 6 is a right end view of the assembled battery pack of Figure 3, the left end
view being a mirror image thereof.

Figure 7 is a schematic diagram of a block of 4 lithium prismatic cells in series
connected to a balancing circuit board.

Figure 8 is a schematic diagram of a block of 4 lithium prismatic cells in series
connected to a balancing and cutoff circuit board

Figure 9 is an isometric view of an alternative embodiment of a housing showing
contacts for switches.

Figure 10 is a top view of the housing of Figure 9 showing the contact locations.

Figure 11 is a front view of the housing of Figure 9, the rear view being identical.

Figure 12 is an end view of the housing of Figure 9, the opposite end being identical.

Figure 13 is an exploded isometric view of an alternative embodiment of the invention
of Figure 3, in which 2 blocks of prismatic cells and a control board of cutoff switch are
arranged into the housing of Figure 9.

Figure 14 is a schematic diagram of a Solid State Switch with "Drain" connection.

Figure 15 is a schematic diagram of a Solid State Switch with "Source" connection.

Figure 16 is a schematic diagram showing a preferred embodiment of the invention
in which the "Drain"” of each gate is connected together using N type MOSFET or IGBT with
the cells being above the solid state switches.

Figure 17 is a schematic diagram example of connecting the "Drain" of each gate
together using N type FET, MOSFET, or IGBT with the cells being below the solid state
switches.

Figure 18 is a schematic diagram illustrating connecting the "Source" of each gate
together using N type FET, MOSFET or IGBT with the cells being above the solid state
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switches.

Figure 19 is a schematic diagram illustrating connecting the "Source" of each gate
together using N type FET, MOSFET or IGBT with the cells being below the solid state
switches.

Figure 20 is a schematic diagram illustrating connecting the "Drain" of each gate
together using P type FET, MOSFET or IGBT with the cells being above the solid state
switches.

Figure 21 is a schematic diagram illustrating connecting the "Drain" together using P
type FET, MOSFET or IGBT with the cells being below the solid state switches.

Figure 22 is a schematic diagram illustrating connecting the "Source" together using
P type FET, MOSFET or IGBT with the cells being above the solid state switches.

Figure 23 is a schematic diagram illustrating connecting the "Source" together using
P type FET, MOSFET or IGBT with the cells being below the solid state switches.

Figure 24 is a schematic diagram illustrating the invention utilized in engine restarting.

Figure 25 is a schematic diagram illustrating short circuit protection of a battery.

DETAILED DESCRIPTION

Lithium containing LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells have a low
nominal cell voltage (3.2V-3.3V) that match directly with existing 12V lead-acid equivalent
systems. Four LiFePO cells in series have a nominal voltage of 13.2V. Thus they can directly
replace existing 12V lead-acid equivalent systems without requiring any electrical
modification.

Other lithium chemistries have a higher nominal voltage, such as: lithium-cobalt
(3.6V), lithium-manganese (3.7V-3.8V), lithium-nickel-cobalt-manganese (3.7V). Each of
these thus have a higher system voltage when 4 cells are used in series. With the higher cell
voltages, most existing 12V direct replacement systems will not be able to charge other
lithium cell chemistries above 60% of their capacity. Other lithium-based cells that can be
utilized in this invention are lithium-cobalt-oxide (LiCoO,), lithium-manganese-oxide
(LiMn,0,), lithium-nickel-cobalt-manganese-oxide (LiNiCoAlQ,), lithium-nickel-manganese-
cobalt-oxide (LiNiMnCo00,), and lithium-titanate (Li, Ti;0,,).

LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells also have a higher thermal
runaway condition than lead-acid cells. For a thermal runaway to occur, the cell temperature
must be extremely hot (over 200°C). When a cell reaches a certain temperature, mostly

caused by overcharging, then the cell will start producing more heat by an internal reaction
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that fuels itselfin most cases with a fire, which phenomenon is known as “thermal runaway”.
All other Lithium cell chemistries have a lower thermal runaway temperature making those
cells more prone to catch on fire.

A thermal venting cap is usually placed inside each individual cylindrical cell casing
to minimize the chances of explosion. The venting cap allows the electrolyte of a cell to leak
out before an internal fire can occur.

Although it is advantagcous to use protective circuitry, it is possible to operate the
present invention without protective circuitry, which simplifies the system to allow charging
or discharging. Omitting all of the electronic protection circuitry for upper voltage cut-off
(overcharging), lower level voltage cut-off (over discharging) and temperature measurements
reduces the overall manufacturing cost of the starter battery. This also simplifies the system
to allow charging or discharging in all conditions and not be restricted by any suggested or
specified operating range.

By using lithium cells, a battery housing structure is both smaller and lighter than with
lead-acid cells. Any time less internal mass is involved the housing structure size can be
reduced, which also results in reducing cost.

The housing structure of the embodiment of Figures 1 and 2 may vary in depth to
accommodate varying numbers of cells which provides for different capacity. The lid structure
of the housing (or casing) for cylindrical cells is the same for most battery packs, as shown.
Such cells can be stacked in parallel to allow for larger capacity for different battery packs to
be assembled. The lid of the housing also incorporates a threaded bushing made from
aluminum to minimize weight, but that has similar electrical properties to aluminum, copper
or brass, or an internally threaded hole to receive an electrical connector screw.

Referring now to the drawings, and particularly to Figure 1, the invented battery pack
10 comprises a housingl2, having a lower receptacle 14 and a mating top 16, at least one
lithium-based rechargeable battery 18, or cell, within the housing, with appropriate electrical
connections. The total discharging amount of each lithium-based cell in the battery pack is
one (1) to 5000 Ah, and charging voltage per one cell is 3.0 to 4.2 V.

The lower portion of the housing 16 can be provided with bottom padding 20 which
fits therein, receives the cell or cells, and mates with the lower receptacle 14. A top pad 22
can be provided in the top 16 of the housing, as desired.

Electrical connections 24 are provided between the cells, as shown, positive to
negative, with screws 26 connecting the cells through holes 28 the bottom of the housing to

electrical leads, not shown, but which leads connect to bottom screws 30. Alternatively, a
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welded connection can be used instead of screws.

Optionally, a protection circuit board 32 may be placed within the upper casing or top
14 for safety protection. Such a protection circuit board may be a cutoff board or a cell-
balancing circuit board. A cell-balancing circuit board may include a cutoff function. A
lithium iron battery having two or more cells in series has a battery voltage equal to the sum
of the individual cell voltages. Over the life of the battery, it may be charged and discharged
for hundreds or thousands of cycles. The individual cells may age differently. Some cells may
become mismatched with respect to the others. This phenomenon is corrected, by balancing.
Balancing is the process of forcing all of the cells to have identical voltages. This is
accomplished by a balancing circuit.

Starter battery systems can utilize a greater number of lithium cells as desired for
greater capacity.

Lithium cells have substantially less weight than a lead-acid cell, and are 80% smaller.
A lithium cell will last about 3 times as long as a lead-acid cell with 100% full discharge
cycles. Lithium cells are maintenance free, whereas lead-acid cells need to be refilled with
distilled water to maintain the acid level above the plates. Lithium cells do not freeze. They
have a discharge power 8 times that of lead-acid. Their charging time is less than 2 hours.

Lithium cell self discharge rate is less than 2% monthly, whereas the sclf discharge
rate for a lead-acid cell is 10% monthly.

Lithium cells can operate at very high temperature, up to 70°C without major
degradation. They can also operate at very low temperature, down to -30°C with slight
capacity degrade at that temperature, but power is available.

Lithium cells are 98% encrgy efficient (energy going in and out of the cell), whereas
lead-acid cells are only 90% energy efficient.

For each 12 volt increment, four LiFePO, cells are required in series, and some cases
fewer cells with other lithium chemistries. The following Table I compares lead-acid battery

voltages to the LiFePO, cell requirements and for other lithium-based battery cells:
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TABLEI
Nominal LiFePO, (LiCo0y), (LiMn,0,),
Lead-Acid (3.3V nominal) (LiNiCoAlQ,), (LiNiMnCo0,),
Voltage ?IrJi4TiSO,2)
(3.7V nominal)

12V 3 to 4 cells in series 2 to 4 cells in series
24V 5 to 9 cells in series 5 to 8 cells in series
36V 8 to 13 cells in series 7 to 12 cells in series
48V 11 to 17 cells in series 10 to 16 cells in series
60V 14 to 22 cells in series 12 to 19 cells in series
7V 16 to 26 cells in series 15 to 23 cells in series
84V 19 to 31 cells in series 17 to 27 cells in series
96V 22 to 35 cells in series 19 to 31 cells in series
108V 25 to 39 cells in series 22 to 35 cells in series
120V 27 to 44 cells in series 24 to 39 cells in series

As shown in Figures 3 through 6, a block 40 formed of one or more flat prismatic cells
connected in series is fitted into a housing 12, each block of cells having a common set of
electrical connections 42A and 42B. A protection circuit board 30 is provided within the
housing, and is electrically connected to the block. Figures 4 through 6 show the assembled
housing with the electrical connections 24A and 24B in the top thereof.

Figure 7 shows a block of 4 flat lithium based prismatic cells connected to a balancing
circuit board 46, which has a balancing controller or microprocessor 60. Figure 8 shows a
block of 4 flat prismatic cells connected to a balancing and cutoff circuit board 48, which
includes a controller 60 and a solid state cutoff switch 62, such as an FET. Figures 9 through
12 show the housing 12 for the battery pack 10 with positive terminal 34 and negative
terminal 36.

Figure 13 shows multiple blocks 40 of flat cells along with bottom padding, packing,
or spacers 50, flat packing 52, and large packing blocks 54, all of which packing is optional.
The upper portion or top section 56 of the housing is advantageously provided with three
contacts on each end thereof, as shown.

An auto-detect restart feature is especially useful for a motorcycle: "IQ Restart
technology” protects the battery from a deep cycle discharge by monitoring battery voltage

level and shutting the battery power off prior to a full discharge, such as in the case of leaving

10

NOCO Exhibit 2005

ADC v. NOCO
IPR2024-00671
Page 1771



0 N o0 ol W N

11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34

WO 2012/074548 PCT/US2011/001937

a headlight or electrical component on for an extended period of time while the engine is off.
Enough reserve power is left in the battery, to automatically detect (by measuring a change
in resistivity) a starting effort and allow the user to start the engine again. This avoids the
cyclist being stranded or the headache of replacing a battery. The auto-detect apparatus has
at least one lithium-based cell, a voltage detector, an associated switch such as a cutoff board,
or a micro-controller in a balancing circuit connected to a solid state switch, such as an FET.
One function turns off an FET in the circuit when the voltage drops to a preselected level,
leaving sufficient reserve capacity for starting the engine. A second function detects a “keying
cycle” or the resistance change upon attempting to start the engine, which turns on the FET.
This resistance change is a reaction to a key turn, push button, or remote activator.

To control the solid state switches, electronic controls are needed for the different
voltages, currents and/or temperature with specified parameters in which cells work to prevent
damage. The control electronics used in battery systems are often referred to a Battery
Management System (BMS) or Battery Management Unit (BMU). The BMS or BMU can
individual monitor all the cell or battery voltages, and/or temperatures. To protect a single
cell or battery from being over charged, that might lead to an exothermal runaway reaction
creating a fire and/or to prevent the cell from damaging when discharging them too low, the
solid state switch would close or open the current pathway to prevent cell damage from
occurring.

The arrangement of devices shown in Figures 15 and 16 are examples of how solid
state switches can be configured to connect the "Drains” or "Sources" together which is an
unconventional approach. The solid state switches in parallel are examples to increase the
current capabilities.

Referring particularly to Figure 17, under normal operations both T1 and T2 are ON
allowing power pathway to go in both directions: discharge and charge. Should a cell be
outside of its specified working specification (cell voltage), both D1 and D2 can be turned off
but current can still flow through the internal diode to allow for added functionality.

In the event that the cell voltage drops too low, below the set voltage configuration,
from a drain on the battery, T1 will turn off, preventing further discharge from occurring.
However, with the internal diode in place of T1, and T2 still on, the circuit will allow charging
to occur.

If the cell voltage goes too high, above the set voltage configuration, T2 will turn off,
preventing further over charging from occurring. However, with the internal diode in place

of T2, and T1 still on, the circuit will allow discharging to occur.
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Using solid state switching in the configuration shown in Figure 17 allows for user
friendly reactivation of the circuit without any pushbuttons or reset buttons. Both Charge and
Discharge current can go through the internal MOSFET or IGBT diode to bring the cell back
to the specified operating voltage.

Alternative switch and gate arrangements are set forth in Figures 18 through 23. Each
such arrangement works in a similar manner as that describing the Figure 17 operation.

The invention’s restart function is illustrated by Figure 24. Controller 60 is connected
to a battery pack having a block of cells 64 and to MOSFETs Q1 and Q2. Afteralow voltage
cutoff, the controller periodically tests the load to detect a change in the load impedance.
When an abrupt change in the load impedance is detected, for example connecting or
disconnecting a load such as the headlight(s), the ignition switch, or the starter switch, the
controller 60 turns on power MOSFETs Q1 and Q2, which reconnects the battery to the
vehicle and allows the vehicle to be restarted.

When the controller drives the base of Q3 high through R1, Q3 and Q4 turnon. When
Q4 turns on, it connects the battery to the load through R4 and D1. R4 and the load
impedance form a voltage divider, and the resulting voltage at node A will depend on the load
impedance. D2 steers the node A voltage to the R5/R6 voltage divider which scales down the
voltage at node B to a level that the controller can read using an analog-to-digital converter
(ADC). The ADC may be of the type commonly included as a built-in peripheral in a micro-
controller or a digital signal processor; alternatively the ADC may be a standalone device.
After turning on Q4, the controller may make one or more ADC readings after one or more
fixed or variable delay periods. By reading the ADC at different times after turn-on, the
controller can infer not only the resistive, but also the inductive and/or capacitive components
of the load impedance. By tracking the periodic ADC readings and applying the appropriate
digital filtering, abrupt changes in the load impedance can be determined. Gradual changes
in the ADC readings, which may be caused for example by temperature changes or battery
charge depletion, are disregarded (i.e., filtered out). Immediately after making the required
ADC reading(s) the Controller turns off Q3 and Q4 to minimize battery drain. It should be
noted that while Q3 and Q4 are shown here as bipolar junction transistors, a number of other
types of electronic devices could be used to accomplish the switching function of Q4,
including but not limited to one or more MOSFETs or a relay.

In order to conserve battery charge as long as possible in low voltage cutoff mode, the
controller tests the load impedance only as often as necessary. The testing period is

determined by the application, and is approximately 1 to 5 seconds. In a vehicle application,
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this period represents the maximum time that a user would have to hold a starter switch in the
start position in order to effect a restart after a low voltage cutoff. To further reduce drain on
the battery, the testing period may be extended if the battery remains in low voltage shutdown
mode for a long time, or if the battery voltage (in one or more cells) continues to drop.

The invention is useful for short circuit protection as shown in Figure 25. Cross-
coupled NAND gates E and F form a set-reset (SR) latch that controls the gate drive of power
MOSFET Q2. The latch is set when the controller 60 drives Q2 ENABLE low. When Q2
ENABLE is driven high again, the output of NAND gate G is low and NAND gate H turns
on Q3, which turns on Q4, which supplies the boosted gate drive voltage to turn on Q2. C3
and C4 help ensure fast turn-on of Q2 even with the relatively high value resistors for R4, RS,
and R8 required to satisfy the application’s low power requirements.

Current monitor A monitors the voltage drop across the drain-source ON resistance
(Rpseony) of power MOSFET Q1 and sources a current into node B that is proportional to the
MOSFET current. R1 converts this current to a voltage that is compared to VREF at
comparator D. When a short circuit occurs, the voltage at node B will exceed VREF (at least
momentarily) and cause the output of D to go low, resetting the S-R latch. When the S-R
latch is reset the output of G will go high, and C2 will differentiate a positive going pulse into
the base of Q5, causing Q5 to turn on for a few microseconds and rapidly discharge the gate
of Q2. Rapid turn-off of Q2 is essential to limiting the energy associated with a short circuit
event. By monitoring the status of the S-R latch, the controller 60 can determine when a short
circuit cut-off event has occurred. C1 low pass filters the signal at node B so that extremely
short duration overcurrent conditions can be tolerated if desired. The controller 60 may adjust
VREF to compensate for Q2’s Rpg,, variation with temperature if desired, or to adjust the
over current trip threshold.

The solid state switches can be transistors, FET (field-effect transistors), JFET or
JUGFET (junction gate field-effect transistors), BJT bipolar junction transistors, CMOS
(complementary metal-oxide—semiconductors), VMOS (Vertical Metal Oxide Silicon),
TMOS transistors, vertical DMOS (Double-Diffused MOS), or HEXFET.(hexagonal shape
MOSFET).

It should be noted that the invented solid state switch apparatus can also be used in any
battery system that requires charging and discharging in order to extend the battery life, and
for safety. This is extremely useful and is a first for starter batteries.

The solid state devices all must be the same (N) or (P) type used in the same circuit,
as illustrated.
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SUMMARY OF THE ACHIEVEMENT
OF THE OBJECTS OF THE INVENTION

From the foregoing, it is readily apparent that I have invented an improved means for
increasing the performance of a starter battery for a starter motor of an internal combustion
engine, and a starter battery for an internal combustion engine that is lighter, more reliable,
has less bulk, longer cycle life, longer calendar life, and higher turn around efficiency than
lead-acid batteries. The starter battery system for an internal combustion engine is easy to
assemble, waterproof, and maintenance free, can be used in existing vehicles, and has a wide
operating temperature range with exceptional cold-weather cranking performance. The
invention also apparatus for protecting a single cell or battery from being over charged, as
well as providing apparatus for charging a cell having a very low charge, more effectively, and
more economically than heretofore has been possible.

It is to be understood that the foregoing description and specific embodiments are
merely illustrative of the best mode of the invention and the principles thereof, and that
various modifications and additions may be made to the apparatus by those skilled in the art,
without departing from the spirit and scope of this invention, which is therefore understood

to be limited only by the scope of the appended claims.
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What is claimed is:

1. A battery pack for driving an electrical device, said battery pack comprising:
a housing; and
at least one lithium-based rechargeable cell within said housing;
wherein a total discharging amount of each lithium-based cell in the battery pack is

from one (1) Ah to 5000 Ah, and charging voltage per one cell is 3.0 to 4.2 V.

2. A battery pack according to claim 1 wherein the lithium-based cell is a lithium iron

phosphate cell.

3. A battery pack according to claim 2, wherein the lithium iron phosphate cell is selected
from the group consisting of LiFePO, LiFePO,, LiFeMgPO,, and LiFeYPO, cells.

4. A battery pack according to claim 1 wherein the lithium-based cell is selected from the
group consisting of LiCoQ,, LiMn,0,, LiNiCoAlO,, LiNiMnCo0O,, and Li,Ti;O,, cells.

5. A battery pack according to claim 1, wherein said battery pack comprises four lithium-

based rechargeable cells in series in said housing.

6. A battery pack according to claim 1, wherein said battery pack comprises an even number

of lithium-based rechargeable cells in said housing.

7. A battery pack according to claim 1 wherein said electrical device is an internal

combustion engine starting device connected to an internal combustion engine.

8. A battery pack according to claim 1, further comprising a protection circuit board within

said housing.

9. A battery pack according to claim 8, wherein said protection circuit board is a cut-off board

or a cell balancing circuit board.
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10. A battery pack according to claim 9, wherein said protection circuit board is a cut-off
board comprising a controller, said controller having associated means for periodically
measuring a load to detect a change in load impedance, further comprising a switch between
said battery pack and said device, and means for turning on said switch to provide power to

the electrical device to restart the device.

11. A battery pack according to claim 9 wherein said protcction circuit board is a cut-off
board comprising a controller, said battery pack being connected to a current monitor, said
current monitor being connected to a current comparator and a set-reset latch,

whereby upon the occurrence of a short circuit, the set-reset latch will turn off an

associated switch.

12. Solid state switching apparatus for one or more cells in a battery pack having a positive
terminal and a negative terminal, each of said cells having a positive pole and a negative pole,
said apparatus comprising:

at least a pair of solid state switches, each switch having a source and a drain, with
drains connected;

said solid state switches being connected to the positive pole of said one or more cells
in series, and to said positive terminal, the negative pole of said one or more cells being

connected to said negative terminal.

13. Apparatus according to claim 12, wherein the solid state switches are MOSFETs or
IGBTs.

14. Apparatus according to claim 13, wherein the solid state switches are transistors, FET,
JFET, BJT, CMOS, VMOS, TMOS, vertical DMOS or HEXFET.

15. Apparatus according to claim 12, wherein the solid state switches are either n-type or

p-type-

16. Apparatus according to claim 12, wherein said one or more cells are selected from the
group consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiCoO,, LiMn,0O,,
LiNiCoAlQ,, LiNiMnCo0,, Li,Ti;0,,, lead-acid, NiCd, and nickel metal hydride (NiMH)

batteries.
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17. Apparatus according to claim 12, further comprising a housing for said one or more cells,

batteries, wherein said solid state switches are within said housing.

18. Solid state switching apparatus for one or more cells in a battery pack having a positive
terminal and a negative terminal, each of said cells having a positive pole and a negative pole,
said apparatus comprising:

at least a pair of solid state switches, each switch having a source and a drain, with
sources connected;

said solid state switches being connected to the negative pole of said one or more cells
in series, and to said negative terminal, the positive pole of said one or more cells being

connected to said positive terminal.

19. Apparatus according to claim 18, wherein the solid state switches are transistors, FET,

MOSFET, IGBT, JFET, BJT, CMOS, VMOS, TMOS, vertical DMOS or HEXFET.

20. Apparatus according to claim 18, wherein said one or more cells are selected from the
group consisting of LiFePO, LiFePO,, LiFeMgPO,, LiFeYPO,, LiCoO,, LiMn,0O,,
LiNiCoAlO,, LiNiMnCo0,, Li,Ti,0,,, lead-acid, NiCd, and nickel metal hydride (NiMH)

batteries.
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“A Jump Starter”

INTRODUCTION

Field of the Invention

This invention relates to a jump starter system for a batiery, especially a vehicle battery.

Prior Art Discussion

~ Jump starter systems for jump starting a flat vehicle battery comprise a pair of leads, each with a

clip such as a crocodile clip at each end to connect with the terminals of the flat battery and a
charged battery of another vehicle. One lead connects the positive terminal of the flat battery to
the positive terminal of a charged battery and a second lead connects the negative terminal of the

flat battery to the negative terminal of the charged battery.

Such systems are effective. However in many cases a vehicle with a charged battery is required
and it is often difficult to arrange the vehicles to allow the leads to safely extend between the

batteries.

It is also known to provide starter packs comprising a lead acid battery within a battery housing
and leads for extending from the battery housing to the terminal of the flat battery. Such units are
costly, bulky, and heavy, and can generally only be used for large scale commercial applications.
Very often, the unit is not used for some time and the battery charge diminishes so that it is not

effective when required.

US5607794, US6002235, US2006/0128209, and US2008/0241653 describe various portable

starter systems. In these arrangements, starter cables are connected to a battery.

This invention is directed towards providing an engine jump starter system which will address

these issues.

SUMMARY OF THE INVENTION
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According to the invention, there is provided a jump starter for a battery such as a vehicle
battery, the jump starter comprising:-
a first clip having a first handle for connection to one terminal of a battery;

a second clip having a second handle for connection to a second terminal of a battery;

an interconnection means extending between the first clip and the second clip; and

an on-board starter battery means provided along the interconnection means and/or

adjacent at least one of the clips.

In one embodiment, the on-board starter battery means comprises a lithium iron phosphate

battery.

In one embodiment, there is a plurality of on-board starter batteries along the interconnection

means.

In one embodiment, the on-board starter battery means comprises a plurality of separate batteries

which are electrically interconnected.

In one embodiment, at least some of the battery means comprises batteries housed within at least

one of the first and second handles.
Preferably, said batterics are housed within both the first handle and the second handle.

In one embodiment, the first clip and the second clip are configured to nest together for storage

in compact manner.
In one embodiment, the first clip has a housing within which there is a battery, and a pair of jaws
linked with the housing; and the second clip is configured to fit alongside the jaws of the first

clip in a manner without protruding parts.

Preferably, the first clip has a groove to accommodate the interconnection means during storage.
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In one embodiment, the jump starter further comprises a control circuit having positive and

negative leads connected between the on-board starter battery and the clips, and protection

means to provide over-voltage and/or over-current protection.

In one embodiment, the protection means comprises a current-limiting component.

In one embodiment, the control circuit further comprises a switch in the negative lead which is
turned on for use. In one embodiment, the switch is a solid state switch. In one embodiment, the
switch comprises a MOSFET switch. In one embodiment, the switch is an SCR. In one

embodiment, there is a plurality of switches arranged in parallel.

In one embodiment, a gate of the switch is connected to the positive lead by a user-activated
switch. In one embodiment, the user-activated switch is of the typc for momentary closing. In
one embodiment, the user-activated switch is connected to the gate via a diode, preferably a
Zener diode. In one embodiment, the switch is solid state and is reverse biased to prevent current

flow if a system to which the clamps are connected attempts to return charge.

In one embodiment, the protection means comprises a circuit to short gate current to ground in

the event of accidental reverse polarity connection.

In one embodiment, the positive lead includes one or more positive thermal coefficient fuses
protecting against short circuit conditions and excessive power demands by achieving a very
high resistance, thus limiting current flow, and once normal conditions are restored dropping to a

low resistance.

In one embodiment, there is a resistor and an LED in parallel with the fuse such that if the fuse
resistance goes high almost all of the battery voltage will appear across the resistor thus
providing a current flow to illuminate the LED, and when the fuse is in a low resistance state and
operating normally the resistor and the fuse are effectively short circuited, providing a visual

indication of overload conditions. -
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In one embodiment, the positive lead includes a bank of switches connected in such a way as to

utilise their intrinsic diodes for the purposes of reverse blocking of current, in which gate to

source is short circuited, thus holding the switches in a permanent OFF state.

. In one embodimcntb, an RC time constant circuit is linked with the negative lead switch or

switches, said time constant circuit being arranged to set the run time of the jump starter and

preventing the jump starter from being left in a constant ON condition.
In one embodiment, the time constant circuit is arranged to provide-a soft turn on of the Jjump
starter power, preventing transient voltage damage as a result of arcing or high di/dt induced

voltages in an electrical system to which the starter is connected.

DETAILED DESCRIPTION OF THE INVENTION

Brief Description of the Drawings

The invention will be more clearly understood from the following description of some
embodiments thereof, given by way of example only with reference to the accompanying
drawings in which:-

Fig. 1 is a perspective view of an engine jump starter system according to the invention;

Fig. 2 is an elevational view of the jump starter system of Fig. 1, in use;

Fig. 3 is a perspective view of another engine jump starter systém according to the

invention;

Fig. 4 is an enlarged view of the battery connection clips of the jump starter system of

Fig. 3;
Fig. 5 is an elevational view of the starter system of Figs. 3 and 4, in use;

Figs. 6 and 7 are perspective views of an alternative starter system ready for use;
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Figs. 8 and 9 are perspective views of this system when in the storage position; and

Figs. 10 to 12 are circuit diagrams for circuits of starter systems of various embodiments.

Description of the Embodiments

Referring to Figs. 1 and 2 there is illustrated a jump starter system 1 according to the invention.r
The jump starter system comprises a first crocodile clip 2 having a first handle 3 for connection
to one terminal 4 of a flat vehicle battery 5. The system also comprises a second crocodile clip 7
having a second handle 8 for connection to another terminal 9 of the flat vehicle battery 5. An
electrical interconnection lead 10 extends between the first clip 2 and the second clip 7. Each clip
has spring biased jaws 11. In the invention there is an on-board starter battery which comprises a
plurality of interconnected batteries 15 which may be of the lithium iron phosphate type. The
battery cells can be of either cylindrical, prismatic or pouch type. The voltage is between 3.2 and

3.7 V nominal and of lithium iron chemistry.

As illustrated, the on-board starter batteries 15 extend along the interconnection lead 10. They
are relatively small and lightweight and can be readily interconnected to form the jump starter

system as illustrated.

To jump start a flat battery only one jump lead is required with two simple clip connections 2, 7
to the flat battery 5. Immediate power is supplied to the flat battery 5 without the requirement of
another vehicle with a charged battery. The unit is lightweight and easily stored, for example, in
a vehicle boot or glove compartment. The system has superior starting ability, lifespan, and

energy retention than other jump starter systems.

Referring now to Figs. 3 to 5 there is illustrated another jump starter system, 30, according to the
invention. In this case, clips 20, 21 have the clip jaws 11 and have handles 25 of cylindrical
shape. In this embodiment there are two batteries 26 housed within each handle 25, and finger-
gripping features 27 are provided to aid user operation. The clips are interconnected by a cable

28, with no need for batteries along the length of the cable in this case.

Referring to Figs. 6 to 9 an alternative jump starter, 50, is shown. The jump starter 50 comprises

a first clip 51 and a second clip 52 interconnected by a power cable 53. The first clip 51 has a
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housing 55 for a battery of sufficient capacity to provide the full starting poWer, in this
embodiment of the lithium iron phosphate type. Also, the first clip 51 comprises a pair of jaws
56 having finger grips 57 for pressing together for opening and closing. The housing 55 has a
groove along one side to accommodate the cable 53 during storage. The clip 52 has a similar pair

of jaws 56 with finger grips 57.

The starter 50 is used with the clips 51 and 52 separate as shown in Figs. 6 and 7. Power is
provided by the batteries within the housing 55. When not being used, the second clip 52 nests
into the first clip 51 alongside the jaws 56 of the first clip 51, as shown in Figs. 8 and 9.

The jump starter 50 involves use of close-proximity high-power batteries of the lithium iron
phosphate type. In this case it is more important to provide safety controls, and this is achieved
by use of a control circuit in the housing 55. Figs. 10, 11, and 12 illustrate circuits 100, 200, and
300 respectively which may be used in the starter of any embodiment. In this case the starter 50
employs the circuit 300, however it may employ a different circuit depending on the safety

requirements and battery types and capacities.

Referring to Fig. 10 the circuit 100 comprises batteries 102, a positive lead 103 with a clamp
conductor 104, and a negative lead 105 with a clamp conductor 106. In the positive lead there is
a light emitting diode LED2 and a resistor R3 in paralle] with a positive thermal coefTicient
(PTC) resettable fuse 110.

An integrated circuit IC1 is connected via a resistor R2 to the positive lead 103 and is connected
to the negative lead 105 via reverse polarity indicator (LED1). Also, a manual contact switch 115
(SW1) is connected on one side to the positive lead 3, and on the other to a Zener diode ZDl1, a
resistor R1, in turn linked with a bank of MOSFET switches Q1, Q2, and Q3.

The circuit of the jump starter circuit 100 protects from voltage mismatch, reverse polarity, short

circuit, over-discharge, and over-use.

The over-current protection element PTC 110 comprises a number of parallel connected positive
thermal coefficient PCB mounted resettable fuses. The number and type thereof is determined by
the power output requirement. The PTC 110 enables normal usage but protects against short

circuit conditions and excessive power demands by achieving a very high resistance, thus
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limiting current flow. Once normal conditions are restored, the PTC 110 drops to a low

resistance. Light emitting diode LED2 and 1k 0.25w resistor R3 provide an over-current

indicator. When the PTC 110 goes high resistance, almost all of the jump starter battery 102

voltage will appear across this device thus providing a current flow to illuminate LED2. When

the PTC 110 is in a low resistance state and operating normally, R3 and LED2 are effectively

short circuited.

The battery 102 positive terminal is also connected to the momentary action single pole normally
open switch SW1 115. This switch, the Zener diode ZDI1, the resistor R1 and Metal Oxide
Semiconductor Field Effect Transistors (MOSFETS) Q1 to Q3 comprise the power-switching

and over-discharge elements.

To activate the jump-starter systcm it must be connected to a vehicle battery by means of the
positive and negative jaws 56 linked to the conductors 104 and 106. The activation switch 115
(SW1) is then briefly depressed. This switch may be located at any convenient location of the
housing Current flows from the battery (BAT) via ZD1 and R1 to the gates of International
Rectifier IRF1324s MOSFETS (or alternates) Q1, Q2 and Q3 via their respective gate resistors
R4, RS and R6. Capacitor C1 is also charged. Once a Vgs of 10V is applied to the MOSFETS
Q1, Q2, and Q3 they begin conducting from drain to source with a very low ON state resistance,

typically about 0.00033 Ohms for three parallel connected parts.

After the PTC, the positive supply lead 103 is connected to another trio of International Rectifier
IRF1324s MOSFETS (or alternates) Q4, Q5 and Q6. These devices are connected in such a way
as to utilise their intrinsic diodes for the purposes of reverse blocking of current. The gate to
source is short circuited, thus holding the devices in a permanent OFF state. Should the jump
starter circuit 100 be connected to a vehicle with a greater voltage than the unit is intended for,
the diodes become reverse biased and no current may flow. This feature protects the jump-

starter’s internal battery 102 from potentially dangerous overcharge conditions.

Once a successful start has been achieved, the vehicle alternator or charging system will attempt
to return charge to the still-connected jump-starter battery 102 (BAT) via the crocodile clamp
Jjaws 56. This could be undesirable for certain battery types. Should this situation occur, the

intrinsic diodes in Q4, Q5 and Q6 will become reverse biased, thus preventing this condition
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A resistor R7 and a capacitor C1 form an RC time constant circuit. When the switch 15 (SW1) is

depressed, C1 rapidly charges via R1. Once in an ON state the gate to source resistance of the

MOSFETS is very high, in the order of tens of mega Ohms. Thus the run time of the jump starter

- circuit 100 can be configured by choice of C1 and R7. Once SW1 is released, C1 begins to

discharge via R7. When the voltage across C1 drops below the gate threshold voltage of the

MOSFETS, they will rapidly come out of conduction and switch off the output. This auto — off

feature prevents the unit from being left in a constant ON condition with resultant live crocodile

clamps.

The RC circuit of R7 and C1 provides another important element. As the voltage across C1 will

" require a certain time to reach the gate threshold voltage of the MOSFETS Q1, Q2, and Q3, they

will spend a small amount of time in their active region and provide a soft turn on of the jump
starter circuit 100 power. This prevents transient voltage damage as a result of arcing or high

di/dt induced voltages in the vehicle electrical system.

The circuit also protects against accidental reverse polarity connection. Should the operator
inadvertently connect the jump starter circuit 100 backwards to the vehicle battery (i.e. positive
clamp 4 to negative terminal and vice versa), the system offers two levels of protection. The first
level is passive. As the MOSFETS QI through Q3 are non-conductive, no current flow takes
place upon connection. This eliminates any potentially dangerous and destructive electrical
arcing at the vehicle battery terminals. Such arcing conditions have been linked with the
destruction of modern vehicle electronic controls. Secondly, current from the vehicle battery
flows via the resistor R2, reverse polarity indicator LED1 and the input side of the
semiconductor photo-relay type TLP222 (IC1) thus illuminating LED1 and the input photo LED
in IC1. Even if the vehicle battery is severely discharged, the current requirement of IC1 is very
small and will in most cases be less than 5 mA. Should the user ignore the reverse polarity
indicator LED1 and depress SW1, MOSFET gate current is shunted to ground via an output
MOSFET in IC1 thus preventing the successful triggering of Q1-Q3 and damage to the vehicle

or to the jump starter 1.

The Zener diode ZD1 in the gate trigger circuit protects against excessive discharge of the jump
starter battery 102 (BAT). If the battery has been drained past an acceptable point its potential is
no longer sufficient to overcome ZD1 and thus no gate current reaches the MOSFETS Q1-Q3.
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The jump starter circuit 100 may not then be used until it has been recharged, thus preserving the

life of the battery 102.

Unlike other jump starter protection circuits that require a vehicle battery to be present for
correct operation, this jump starter circuit 100 can operate with a completely dead battery or

none at all. However in this case, reverse polarity detection is not available.

The following are advantageous aspects of the invention.

— Solid state switching. There are no contacts to weld, burn out, or arc.
- Soft switching.

- Electrical transient protection for modern motor vehicle electronics.

- Operator protection from arcing, explosion etc.

- Jump starter product protection from misuse.

- Battery protection. Ensures long life.

- Low component count

— Cost effective

- Passive safety

- Visual indicators of fault conditions

- No possibility of damage through operator error such as short circuit etc.
- Low power dissipation. Can be used with traditional lead acid batteries without power

loss.

In other embodiments the role of the switches Q1-Q3 may alternatively be performed by a device
such as s silicon controlled rectifier for example. This is a simpler circuit, and also would have
the benefit of automatic power off upon disconnection and automatic reverse blocking. Referring
to Fig. 11 a circuit 200 has a positive lead 203 with a clamp conductor 204 and a negative lead
205 with a clamp conductor 206. There are a PTC fuse 210, a battery 212, and a momentary
switch 215 for performing the same functions as for the circuit 100. However, in this case the
switch 215 is linked with an SCR. Other alternatives may include use of insulated gate bipolar

transistors (IGBTs) or standard bipolar transistors.

In a still further embodiment, referring to Fig. 12, a 4-cell Lithium iron battery is connected to a
positive jump-starter clamp by means of a number of parallel connected positive thermal

coefficient (PTC) type resettable fuses. The negative battery lead is directly connected to the
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negative jump starter clamp. A warning light emitting diode LED1 and its associated series

limiting resistor are connected in parallel with the PTC devices. During normal engine starting

operation the PTC devices are cold and exhibit a low resistance thus permitting normal current

flow. As there is little voltage drop across the devices in this state, LED1 is extinguished.

Should any of the following fault conditions occur: clamp short circuit, reverse connection to
vehicle or incorrect voltage selection, then a larger than normal current flow will result 'causing

the PTC devices to rapidly warm up and exhibit a high resistance thus limiting current flow to a

~ very low level and preventing damage to the jump starter unit or the flat battery. As most of the

- battery (BATT) voltage will now be developed across the PTC devices, LEDI is illuminated thus

informing the user that a fault condition has occurred. Once the fault is removed, LED] is
extinguished and after a short delay the PTCs return to normal temperature and resistance and

normal operation is resumed.

Transient voltage suppression diodes (TVS) DI and D2 are connected across the output leads.
These devices (typical rating of 5kW each) prevent any transient or induced voltages from
damaging the vehicle or the starter. Unlike the typical sure protection employed in a traditional
jump starter which employs voltage dependent resistor (VDR) type devices, the TVS can

respond much quicker and quench much more energy thus providing a better solution.

It will be appreciated that the invention provides for much more convenient jump starting. It
allows a user to carry the starter in the vehicle, and avoids need to hook up to another vchicle

and all of the attendant disadvantages.

The invention is not limited to the embodiments described but may be varied in construction and

detail.
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A jump starter for a battery such as a vehicle battery, the jump starter comprising:-

a first clip (2, 20) having a first handle (3, 25) for connection to one terminal (4) of a

battery (5);

a second clip (7, 21) having a second handle (15, 25) for connection to a second terminal

of a battery;

an interconnection means (10, 28) extending between the first clip and the second clip;

and

an on-board starter battery means (15, 26) provided along the interconnection means (10)

and/or adjacent at least one of the clips (20, 21).

A jump starter as claimed in claim 1, wherein the on-board starter battery means (15, 26)

comprises a lithium iron phosphate battery.

A jump starter as claimed in claims 1 or 2, wherein there is a plurality of on-board starter

batteries (15) along the interconnection means.

A jump starter as claimed in claim 1 or 2 or 3, wherein the on-board starter battery means

(15, 26) comprises a plurality of separate batteries which are electrically interconnected.

A jump starter as claimed in claim 4, whercin at least some of the battery means

comprises batteries (26) housed within at least one of the first and second handles.

A jump starter as claimed in claim 5, wherein said batteries are housed within both the
first handle (25) and the second handle (25).

A jump starter as claimed in claims 5 or 6, wherein the first clip (56) and the second clip

(56) are configured to nest together for storage in compact manner.
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12.

13.

14.

15.

16.

17.

18.

-12 -
A jump starter as claimed in claim 7, wherein the first clip (51) has a housing (55) within
which there is a battery, and a pair of jaws (56) linked with the housing; and the second
clip (52) is configured to fit alongside the jaws of the first clip in a manner without

protruding parts.

A jump starter as claimed in claim 8, wherein the first clip (51) has a groove (60) to

accommodate the interconnection means (53) during storage.
A jump starter as claimed in any preceding claims, further comprising a control circuit
having positive and negative leads connected between the on-board starter battery and the

clips, and protection means to provide over-voltage and/or over-current protection.

A jump starter as claimed in claim 10, wherein the protection means comprises a current-

limiting component.

A jump starter as claimed in claims 10 or 11, wherein the control circuit further

comprises a switch (Qi-Q3) in the negative lead which is turned on for use.
A jump starter as claimed in claim 12, wherein the switch is a solid state switch.

A jump starter as claimed in claims 12 or 13, wherein the switch comprises a MOSFET

switch.
A jump starter as claimed in claim 13, wherein the switch is an SCR.

A jump starter as claimed in any of claims 12 to 15, wherein there is a plurality of

switches (Q1-Q3) arranged in parallel.

A jump starter as claimed in any of claims 12 to 16, wherein a gate of the switch is

connected to the positive lead by a user-activated switch (115, 215).

A jump starter as claimed in claim 17, wherein the user-activated switch is of the type for

momentary closing.
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23.

24.

25.
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A jump starter as claimed in claims 17 or 18, wherein the user-activated switch is

connected to the gate via a diode (ZD1), preferably a Zener diode.

A jump starter as claimed in any of claims 12 to 19, wherein the switch is solid state and

is reverse biased to prei/ent current flow if a system to which the clamps are connected

attempts to return charge.

A jump starter as claimed in any of claims 17 to 20, wherein the protection means

‘comprises a circuit to short gate current to ground in the event of accidental reverse

polarity connection.

A jump starter as claimed in any of claims 10 to 21, wherein the positive lead includes
one or more positive thermal coefficient fuses (10, 110) protecting against short circuit
conditions and excessive power demands by achieving a very high resistance, thus
limiting current flow, and once normal conditions are restored dropping to a low

resistance.

A jump starter as claimed in claim 22, wherein there is a resistor and an LED in parallel
with the fuse such that if the fuse resistance goes high almost all of the battery voltage
will appear across the resistor thus providing a current flow to illuminate the LED, and
when the fuse is in a low resistance state and operating normally the resistor and the fuse

are effectively short circuited, providing a visual indication of overload conditions.

A jump starter as claimed in any of claims 10 to 23, wherein the positive lead includes a
bank of switches connected in such a way as to utilise their intrinsic diodes for the
purposes of reverse blocking of current, in which gate to source is short circuited, thus

holding the switches in a permanent OFF state.

A jump starter as claimed in any of claims 10 to 24, wherein an RC time constant circuit
is linked with the negative lead switch or switches, said time constant circuit being
arranged to set the run time of the jump starter and preventing the jump starter from being

left in a constant ON condition.
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26. A jump starter as claimed in claim 25, wherein the time constant circuit is arranged to
provide a soft turn on of the jump starter power, preventing transient voltage damage as a

result of arcing or high di/dt induced voltages in a electrical system to which the starter is

connected.
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Abstract

PROBLEM TO BE SOLVED: To omit a hamaess for connection between a fuse relay box and a batlery by placing an slsctric
cireuit unit at the upper part of 2 batltery fiing means and connscting only the positive-pole terminal of the batlery o the elechdc
cirouit unit. SOLUTION: To secure a batlery 123 on a vehicle body, a frame 118 is put over the lop of the baltery 123, and the
battery is installed on the vehicle body with stays 121 and 122 and tightenad with nuts 118 and 120, A fuse relay box 103 of an
electric circult unils fastened o and secured on the upper part of the frame 118 as g batlery fixing means by a means such as an
adhesive. A boosler cable is connected only to the positive-pole terminal of the baltery 123, and an insulaling prolective cover

107 is secured delachably on the fuse relay box 103 so as to cover the positive-pole terminal.
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(57) Abstract: A compact battery charger for charging a battery comprising: a microprocessor; a set of terminals operatively coupled
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the internal lithium ion battery is a lithium ion battery, wherein a single-ended primary-inductor converter may be configured to re -
ceive an input voltage of 5VDC to 20VDC and output a predetermined DC charge voltage to said internal lithium ion battery.
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COMPACT MULTIFUNCTIONAL BATTERY BOOSTER

CROSS REFERENCE TO RELATED APPLICATIONS

[0001] This application claims priority to U.S. Provisional Patent Application No. 62/037,379
by Brian F. Butler et al., filed on August 14, 2014 and entitled “Compact Multifunctional Battery
Booster.” U.S. Provisional Patent Application No. 62/037,379 is hereby incorporated by reference in
its entirety.

TECHNICAL FIELD

[0002] The present invention relates to a portable battery booster system and apparatus. More
specifically, the present invention relates to systems, methods, and apparatuses for providing a
compact multifunctional battery booster and charger.

BACKGROUND

[0003] It is well known that motorists from time to time find themselves with a battery of
insufficient charge to start their vehicle. This is generally an occasion of extreme inconvenience and
distress, particularly where one finds himself in this situation in an area where there are other vehicles
and drivers, but no means for connecting the battery of the disabled vehicle to the battery of one of
the other available vehicles. To remedy this, battery boosters were developed to jump start stranded
cars. For example, U.S. Patent No. 4,079,304 discloses a battery booster system for jump starting an
engine of a vehicle with a defective (or depleted) battery and interconnecting the same with a vehicle
having a charged battery. Similarly, U.S. Patent Publication No. 2014/0159509 discloses a portable
battery boost and jump starter apparatus for charging a vehicle battery. Typically, such battery
booster systems rely on an internal lead acid battery, which is typically large, heavy, and
cumbersome. Despite the advancements thus far, a need exists for an improved compact
multifunctional battery booster, and, more particularly, to an improved lithium ion battery booster.

SUMMARY OF THE INVENTION

[0004] The present disclosure is directed to an improved compact multifunctional battery
booster and charger, and, more particularly, to an improved lithium ion battery booster and charger.

[0005] According to a first aspect of the present invention, a compact battery booster
comprises: a processor; a display device operatively coupled to the processor, wherein the display

device displays a status of the compact battery booster; a storage capacitor and an internal lithium ion
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battery, each of said storage capacitor and said internal lithium ion battery configured to provide a
boosting energy to a vehicle coupled to an external battery; a direct current (DC) output terminal
configured to electrically couple with the external battery; a single-ended primary-inductor converter
configured to receive a variable input voltage between 5 volts DC and 20 volts DC and to output a
predetermined output voltage to said storage capacitor and said internal lithium ion battery; and a
power management circuit operatively coupled to the processor, the power management circuit
configured to electrically couple the DC output terminal with said storage capacitor or said internal
lithium ion battery, thereby providing the boosting energy from said storage capacitor or said internal
lithium ion battery to said vehicle.

[0006] According to a second aspect of the present invention, a compact battery charger
comprises: a processor; a display device operatively coupled to the processor, wherein the display
device displays a status of the compact battery charger; an internal lithium ion battery, said internal
lithium ion battery configured to provide a predetermined output energy; a direct current (DC) output
terminal, wherein the DC output terminal is configured to couple with an external battery; a single-
ended primary-inductor converter configured to receive an input voltage within predetermined input
voltage range and to output a predetermined charge voltage to said internal lithium ion battery; and a
power management circuit operatively coupled to the processor, the power management circuit
configured to electrically couple the DC output terminal with said internal lithium ion battery, thereby
providing the predetermined output energy from said internal lithium ion battery to said external
battery.

[0007] According to a third aspect of the present invention, a compact battery charger
comprises: an internal lithium ion battery, said internal lithium ion battery configured to provide a
predetermined output energy; a direct current (DC) output terminal, wherein the DC output terminal
is configured to couple with an external battery; an internal induction coil, wherein the internal
induction coil receives energy from an electromagnetic field created by an external induction coil and
converts the electromagnetic field to produce an input voltage; a DC to DC converter that receives the
input voltage and outputs a predetermined output voltage to said internal lithium ion battery; and a
power management circuit operatively coupled to the processor, the power management circuit
configured to electrically couple the DC output terminal with said internal lithium ion battery, thereby
providing the predetermined output energy from said internal lithium ion battery to said external

battery.
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[0008] In certain aspects, the storage capacitor is a supercapacitor.

[0009] In certain aspects, the storage capacitor draws a charging current from the external
battery.

[0010] In certain aspects, the device further comprises a supercapacitor, wherein the single-

ended primary-inductor converter charges the supercapacitor.
[0011] In certain aspects, the device further comprises a supercapacitor, wherein the

supercapacitor draws current from the external battery to charge the supercapacitor.

[0012] In certain aspects, the predetermined input voltage range is 5 volts to 20 volts.
[0013] In certain aspects, the predetermined charge voltage is greater than the input voltage.
[0014] In certain aspects, the predetermined output energy is a boosting energy for starting an

engine coupled to the external battery.

[0015] In certain aspects, the predetermined output energy is a charging energy for charging
the external battery.

[0016] In certain aspects, the device further comprises (1) a reverse polarity sensor configured
to detect a polarity of the external battery; (2) a temperature sensor configured to detect a temperature
of said internal lithium ion battery and to provide a temperature signal to said processor; and (3) a

voltage sensor configured to detect a voltage of said internal lithium ion battery.

[0017] In certain aspects, the device further comprises a removable internal data storage
device.
[0018] In certain aspects, the device further comprises an internal induction coil, wherein the

internal induction coil receives energy from an electromagnetic field created by an external induction
coil and converts the electromagnetic field to produce the input voltage.

[0019] In certain aspects, the device further comprises a second DC output terminal, wherein
the DC output terminal provides a boosting energy for starting an engine coupled to the external
battery, and wherein the second DC output terminal provides a charging energy to a portable
electronic device.

[0020] In certain aspects, the second DC output terminal is a Universal Serial Bus (USB) port.
[0021] In certain aspects, the display device enters into a sleep mode after a predetermined
time period of inactivity.

[0022] In certain aspects, the DC output terminal runs a predetermined current through the

external battery to preheat the external battery.
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[0023] In certain aspects, the device further comprises a DC to alternating current (AC)
converter coupled between the internal lithium ion battery and an AC output terminal.
[0024] In certain aspects, the device further comprises an internal data storage device,
wherein the internal data storage device backs up digital content stored to a portable electronic device
via a USB port.

DESCRIPTION OF THE DRAWINGS

[0025] These and other advantages of the present invention will be readily understood with
reference to the following specifications and attached drawings wherein:

[0026] Figure 1 illustrates an exemplary compact battery charger block diagram configured
for use with a battery charging system.

[0027] Figure 2 illustrates a flow diagram of an example method for providing the jump start
function using a compact battery charger.

[0028] Figure 3 illustrates an example schematic diagram of a charger having a single-ended
primary-inductor converter circuit and a supercapacitor.

DETAILED DESCRIPTION

[0029] Preferred embodiments of the present invention will be described hereinbelow with
reference to the accompanying drawings. In the following description, well-known functions or
constructions are not described in detail because they may obscure the invention in unnecessary
detail. The present invention relates to a compact battery charger system, method, and apparatus. For
this disclosure, the following terms and definitions shall apply:

b

[0030] As used herein, the word “exemplary” means “serving as an example, instance, or
illustration.” The embodiments described herein are not limiting, but rather are exemplary only. It
should be understood that the described embodiments are not necessarily to be construed as preferred
or advantageous over other embodiments. Moreover, the terms “embodiments of the invention,”

L]

“embodiments,” or “invention” do not require that all embodiments of the invention include the
discussed feature, advantage, or mode of operation,

[0031] The terms “communicate” and ‘“communicating” as used herein, include both
conveying data from a source to a destination and delivering data to a communications medium,
system, channel, network, device, wire, cable, fiber, circuit, and/or link to be conveyed to a

destination. The term “‘communication” as used herein means data so conveyed or delivered. The
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term “‘communications’ as used herein includes one or more of a communications medium, system,
channel, network, device, wire, cable, fiber, circuit, and/or link.

L]

[0032] The terms “coupled,” “coupled to,” and “coupled with” as used herein, each mean a
relationship between or among two or more devices, apparatuses, files, circuits, elements, functions,
operations, processes, programs, media, components, networks, systems, subsystems, and/or means,
constituting any one or more of: (i) a connection, whether direct or through one or more other
devices, apparatuses, files, circuits, elements, functions, operations, processes, programs, media,
components, networks, systems, subsystems, or means; (ii) a communications relationship, whether
direct or through one or more other devices, apparatuses, files, circuits, elements, functions,
operations, processes, programs, media, components, networks, systems, subsystems, or means;
and/or (iii) a functional relationship in which the operation of any one or more devices, apparatuses,
files, circuits, elements, functions, operations, processes, programs, media, components, networks,
systems, subsystems, or means depends, in whole or in part, on the operation of any one or more
others thereof.

[0033] The term “data” as used herein means any indicia, signals, marks, symbols, domains,
symbol sets, representations, and any other physical form or forms representing information, whether
permanent or temporary, whether visible, audible, acoustic, electric, magnetic, electromagnetic, or
otherwise manifested. The term “data” is used to represent predetermined information in one physical
form, encompassing any and all representations of corresponding information in a different physical
form or forms.

[0034] The term ‘‘database” as used herein means an organized body of related data,
regardless of the manner in which the data or the organized body thereof is represented. For example,
the organized body of related data may be in the form of one or more of a table, map, grid, packet,
datagram, frame, file, email, message, document, report, list, or any other form.

[0035] The term ‘“network™ as used herein includes both networks and inter-networks of all
kinds, including the Internet, and is not limited to any particular network or inter-network.

[0036] The term “‘processor’ as used herein means processing devices, apparatuses, programs,
circuits, components, systems, and subsystems, whether implemented in hardware, tangibly embodied
software, or both, and whether or not it is programmable. The term “processor’” as used herein
includes, but is not limited to, one or more computing devices, hardwired circuits, signal-modifying

devices and systems, devices and machines for controlling systems, central processing units,
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programmable devices and systems, field-programmable gate arrays, application-specific integrated
circuits, systems on a chip, systems comprising discrete elements and/or circuits, state machines,
virtual machines, data processors, processing facilities, and combinations of any of the foregoing.
[0037] A compact battery charger 102, as disclosed herein, may be used to start (a/k/a
“boost”, “jump”, or “jump start’”’) an engine coupled to an external battery 104 (e.g., a 6V/12V
nominal voltage vehicular battery, which may be fully or partially depleted). In certain aspects, the
compact battery charger 102 may be further configured to charge the external battery 104, and/or
other electronic devices operatively coupled with the compact battery charger 102. Example vehicular
batteries include, without limitation, lead-acid batteries (e.g., wet/flooded batteries, calcium-calcium
batteries, Valve-Regulated, Lead Acid (VRLA) batteries, gel cell, and Absorbed Glass Mat (AGM))
and other rechargeable batteries (e.g., lithium ion, lithium ion polymer, Nickel-Metal Hydride
(NiMH), Nickel Cadmium (NiCd)). Other electronic devices that may be operatively coupled with the
compact battery charger 102 include, for example, portable electronic devices 152 (e.g., phones,
tablet computers, portable computers, etc.), toys, etc.

[0038] Figure 1 illustrates a block diagram of an example compact battery charger 102.
Specifically, Figure 1 illustrates a compact battery charger 102 having a processor 128 (e.g., a central
processing unit (CPU)) that is operatively coupled to a Read-Only Memory (ROM) 118 for receiving
one or more instruction sets, to a Random Access Memory (RAM) 120 having a plurality of buffers
for temporarily storing and retrieving information, and to an internal data storage device 122 (e.g., a
hard drive, such a solid state drive, or other non-volatile data storage device, such as flash memory).
A clock 130 is also coupled to the processor 128 for providing clock or timing signals or pulses
thereto. Those skilled in the art will understand that the compact battery charger 102 includes one or
more bus structures for interconnecting its various components. Further, to increase ease of use in
mobile applications, the various components of a compact battery charger 102 may be housed in a
single housing. In certain aspects, multiple processors 128 may be provided to facilitate operation of
the compact battery charger 102, whether or not embodied within the compact battery charger 102
itself. Accordingly, serial communication may be employed to communicate information and data
between multiple processors that may be used.

[0039] The internal battery 150 may be a rechargeable lithium ion battery for outputting a
direct current (DC) voltage, such as lithium iron phosphate and lithium ion polymer batteries. The

internal battery 150 should be sufficiently rated to boost (jump start) a vehicle coupled to an external
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battery 104. For example, the internal battery 150 may be rated from about 3,000 mah to 20,000 mabh,
or higher. A compact battery charger 102 having a 12,000 mah internal battery 150, for instance, may
output 200 cranking amps / 400 peak amps during the jump start function, which is sufficient to start
a vehicle, but higher power internal batteries are contemplated for larger vehicles and trucks. In
certain embodiments, the internal battery 150 may comprise a plurality of electrically coupled
batteries (e.g., connected in parallel, or when multiple lower voltage batteries are to be summed, in
series). For example, lithium ion batteries containing LiFePO, LiFePQ,, LiFeMgPO,, and LiFeYPO,
have a nominal cell voltage of about 3.2V to 3.3V each. Thus, internal battery 150 need not be
limited to a single battery or single battery cell. Accordingly, four lithium ion cells may be connected
in series to achieve a nominal voltage of 12.8V to 13.2V. To the extent that a higher nominal voltage
is desired, additional lithium ion cells may be connected in series to achieve higher voltages.

[0040] The compact battery charger 102 may receive external power via a direct current (DC)
input terminal 154 coupled to a DC power supply 156 and/or an alternating current (AC) input
terminal 134 coupled to an AC power supply 148. AC power supply 148 may be wall current (e.g.,
1TOVAC), while the DC power supply 156 may be, for example, an automotive cigarette lighter (e.g.,
12VDC) or a USB port (i.e., 5VDC). The compact battery charger 102 may provide a plurality of DC
outputs 136 to facilitate charging energy (e.g., to external battery 104 or one or more portable
electronic devices 152) or boosting energy (e.g., to a vehicle/external battery 104). In certain aspects,
such as when a USB Port or 12V port is used, a DC connector may be used for both DC input
terminal 154 and DC output terminal 136. That is, the compact battery charger 102 may draw power
from a device coupled to the DC connector (functioning as a DC input terminal 154), or supply power
to the device coupled to the DC connector (functioning as a DC output terminal 136). To convert the
AC power supply 148, an AC to DC transformer may be provided, which may be integral with, or
external to, the compact battery charger 102. An AC to DC transformer may removably coupled to
wall current and removably coupled to the compact battery charger 102. In certain aspects, a power
inverter and AC output terminal may be provided to output an AC voltage (e.g., a 110VAC output).
In such an embodiment, power from the DC power supply 156 or the internal battery 150 may be
processed (e.g., using a DC to AC inverter) and used to supply the AC voltage to the AC output
terminal.

[0041] In operation, when the AC power supply 148 or DC power supply 156 is unavailable

(e.g., disconnected, out of service, when a circuit breaker is blown, the compact battery charger 102 is
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otherwise disconnected, etc.), the compact battery charger 102 may draw the power needed to operate
the compact battery charger 102’s components from the external battery 104 and/or internal battery
150, thereby enabling the user to determine the status of the compact battery charger 102 (and state of
charge, or other parameters, of the external battery 104) when the AC power supply 148 and the DC
power supply 156. To that end, the compact battery charger 102 may report a power supply failure
(e.g., as an alert) to one or more portable electronic devices 152 (e.g., phones, tablet computers,
portable computers, or other handheld terminals) within a battery monitoring system via a
communication network. A suitable example battery monitoring system is disclosed by commeonly
owned U.S. Patent Serial No. 14/826,805 by Brian F. Butler et al, filed August 14, 2015 and titled
“Battery Charger Status Control System And Method.”

[0042] The battery charging method or technique can be any of a variety of charging
techniques including conventional, fast charging, and the like. The compact battery charger 102 may
be further configured to determine, automatically, different battery chemistry (e.g., AGM, gel, lithium
ion, etc.) and the battery’s nominal voltage. The charging characteristics of a battery charger may be
configured to match the battery chemistry of the battery to be charged. For example, lead acid
batteries may be charged with constant power, constant current, constant voltage, or combination
thereof. Such batteries are known to be charged with both linear as well as switched-mode battery
chargers. U.S. Patent No. 7,808,211, assigned to the same assignee as the assignee of the present
invention, discloses an example of a switched-mode battery charger for automotive and marine
battery applications. Further, commonly owned U.S. Patent No. 8,947,054 discloses a battery charger
and method utilizing alternating DC charging current, while commonly owned U.S. Patent No.
8,575,899 discloses a battery charger with automatic voltage detection.

[0043] The identified battery chemistry and voltage may be displayed on display device 114.
The compact battery charger 102 may indicate to the user (e.g., via display device 114) the number of
ampere hours put into battery, and/or an indication of the state of health of the external battery 104.
For example, if customer inputs a battery size/model number, the compact battery charger 102 can
use the battery capacity to provide the state of health. The compact battery charger 102 may indicate
to the user the state of charge or health of the internal battery 150 (e.g., the number of coulombs) via
display device 114.

[0044] The compact battery charger 102 may further include an input/output interface 126

that interfaces the processor 128 with one or more peripheral and/or communicative devices, such as
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a user interface 138, a Global Positioning System (GPS) transmitter 140, a wired link 142, a wireless
device 144, a microphone 158, and a speaker 124, which may be used to signal an alert (e.g., charge
complete, error, etc.) or other status information,

[0045] As illustrated, the processor 128 may be operatively coupled to a display device 114
via a display driver 116. The display device 114 may comprise, or otherwise employ, one or more
light emitting diodes (LEDs) and/or a liquid crystal display (LCD) screen. The LCD screen may be an
alphanumeric segmented LCD display, or a matrix LCD display, such as those used on portable
electronic devices. In certain embodiments, the LCD screen may further provide touch screen
functionality to facilitate user input device via a thin layer of sensing circuitry present either beneath
the visible portion of display device 114’s surface, or as part of a thin, clear membrane overlying the
display device 114 that is sensitive to the position of a pen or finger on its surface. In operation, the
display driver 116 may receive display data from the processor 128 via input/output interface 126 and
display that display data via the display device 114. For example, interactive display device 114 may
be provided on the housing to provide the user with status information and/or input capability (e.g.,
via a touch screen or voice commands using, for example, wave files). Reminders, or other
information (e.g., status information), may be displayed to the user, via the display device 114, as a
scrolling message or menu structure (e.g., a graphical user interface (GUI)).

[0046] With regard to the internal data storage device 122, example flash memory devices
include, for example, memory cards, such as RS-MMC, miniSD, microSD, etc. The internal data
storage device 122 can function as an external hard drive or flash drive, thereby enabling the user to
store digital files to the compact battery charger 102. In instances where the internal data storage
device 122 is removable, as is the case with memory cards, the user can interchange, upgrade, or
remove the memory card (e.g., if the compact battery charger 102 becomes defective) to avoid data
loss. The display device 114 may be used to display, for example, the contents of the internal data
storage device 122, the remaining storage capacity (e.g., as a percentage or in terms of available
bytes), and, in certain aspects, the digital files themselves (e.g., photos may be displayed, files
accessed, etc.). In certain aspects, in addition to (or in lieu of) charging a portable electronic device
(e.g., a smart phone), the compact battery charger 102 may back up digital content stored to the
portable electronic device 152 when the portable electronic device 152 is coupled to the compact

battery charger 102 via, for example, the USB port.
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[0047] When an external battery 104 is connected to DC output terminal 136 (e.g., via
clamps), the display device 114 may display the external battery 104’s voltage. The display device
114 may also indicate the state of charge in terms of percent of charge of the jump starter’s internal
battery 150. During user inactivity, such as when charging the external battery 104 or the internal
battery 150, the display device 114 may enter a sleep mode and will not display any messages until
activity is detected (e.g., when devices are connected/disconnected from the compact battery charger
102 or the user interface 138 is actuated). As discussed below, if the external battery 104’s voltage is
too low to detect, the display device 114 may remain blank and the voltage will not display, but a
manual start procedure may be selected to enable the jump start function. The jump start function
may be used to start a vehicle having an external battery 104 (e.g., a depleted automotive battery).
The jump start function causes the compact battery charger 102 to output about 400-600 peak
amperes (270-405 cranking amperes) via clamps coupled to the DC output terminal 136. One of skill
in the art, however, would recognize that the internal battery 150 may be replaced with a higher
capacity battery to facilitate higher output currents.

[0048] In one example, once an AC power supply 148 is connected, a first LED may be
illuminated to indicate that the compact battery charger 102’s internal battery 150 is charging. When
the compact battery charger 102 is fully charged, a second LED on the unit may be illuminated.
Finally, when the DC output terminal 136 is successfully coupled (e.g., clamped or otherwise
electrically coupled) to external battery 104, a third LED may be illuminated. Rather than employing
separate LEDs, an LCD display or a single multi-color LED may be employed that changes color
depending on the status of the compact battery charger 102. The compact battery charger 102 may be
further equipped with a light, which functions as a map light, flash light, emergency light, etc. The
light may be activated and deactivated via user interface 138. The light may be an LED that outputs,
for example, about 1 Watt/90 Lm.

[0049] When an LCD display is employed, the display device 114 may be configured to
display, in addition to, or in lieu of, the LLEDs, a number of messages to indicate the current status, or
operation of the compact battery charger 102 to the user. In selecting the message(s) to display, the
compact battery charger 102 measures one or more parameters of the internal battery 150, external
battery 104, or of the compact battery charger 102. Parameters include, for example, voltage, power
capacity, temperature, connection status, etc. Example messages include those illustrated in Table A,

where “[XX]” represents a measured or calculated value.
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Message

Status/Condition

Charging [XX]%

Coupled to AC power supply 148 or DC power supply 156 and
internal battery 150 is charging.

Fully Charged

Coupled to AC power supply 148 and internal battery 150 is
fully charged.

Battery Too Hot To Charge

Disconnect from AC power supply 148 or DC power supply
156 and allow internal battery 150 to cool down before

charging.

Battery Too Cold To Charge

The temperature of the internal battery 150 is too low.

Charging - USB On

The USB port is in use while the internal battery 150 is

charging.

Charging — 12V On

The 12V port is in use while the internal battery 150 is

charging.

Fully Charged - USB On

The internal battery 150 is fully charged and the USB port is in

use.

Fully Charged - 12V On

The internal battery 150 is fully charged and the 12V port is in

use.

Unplug Charger

Attempting to use the jump starter function while the internal

battery 150 is charging.

Charge Aborted

Charging cannot be completed normally.

Battery [ XX]% - USB On

The USB port is in use. The percentage shows the internal

battery 150’s charge.

Battery [ XX]% - 12V On

The 12V port is in use.

12V/USB Overload

The 12V/USB port is overloaded.

Battery Low - Recharge

While using the 12V/USB port, the internal battery 150°s
voltage has dropped. The 12V/USB power will shut off after
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10 minutes.
Battery [XX]% - Clamps The compact battery charger 102 is turned on, but does not
Disconnected detect external battery 104.

The DC output terminal 136 is connected backwards to an
Warning - Reverse Polarity
external battery 104 (i.e., reverse polarity).

The jump start function button has been selected, but the
Battery Low-Recharge internal battery 150 has discharged below a predetermined

level.

The jump start function button has been selected, but 12V/USB
Turn Off 12V/USB

function is activated.

Off The jump start button has been pressed twice.

The internal temperature of the internal battery 150 is too
Battery Too Hot warm. Allow internal battery 150 to cool down before

attempting another jump start.

Jump Start Ready - Battery The temperature of the internal battery 150 is too low, which

Cold : Reduced Performance | reduces cranking performance.

The jump start button has been pressed, compact battery
Jump Start Ready charger 102 is correctly connected to a vehicle battery, and the

compact battery charger 102 is ready for jump start function.

Battery Cool Down - [ XX] Shows waiting time needed before attempting another engine
Seconds Remaining start.
Table A
[0050] The user interface 138 may be used to enable the user to switch the output charge

amperage (e.g., 1A, 10A, 50A, 100A, etc.) or another setting (e.g., charge, boost, other). Example
user interface 138 devices may include, for example, physical buttons, physical switches, a digitizer
(whether a touch pad, or transparent layer overlaying the display device 114), voice command (e.g.

via the microphone 158 and speaker 124), and other input devices. For instance, using the digitizer, a
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user may control or interact with the compact battery charger 102 by writing or tapping on the display
device 114 using, a pen, stylus, or finger.

[0051] The GPS transmitter 140 may be used to track and/or monitor the location of the
compact battery charger 102 and to relay the location information in the form of positional data (e.g.,
geographic coordinate system data or Internet Protocol (IP) address) to a booster management server
or another device in battery charging system or via a communication network. For example, a
computer may be configured to track the activities, location, and/or charge history of a particular
compact battery charger 102 in a battery charging system. The positional data may also be locally
stored to the compact battery charger 102 (e.g., to internal data storage device 122).

[0052] The wireless device 144 may be configured to manage communication and/or
transmission of signals or data between the processor 128 and another device (e.g., a remote interface
device via a communication network or directly with a remote interface device) by way of a wireless
transceiver. The wireless device 144 may be a wireless transceiver configured to communicate via
one or more wireless standards such as Bluetooth (e.g., short-wavelength, Ultra-High Frequency
(UHF) radio waves in the Industrial, Scientific, and Medical (ISM) band from 2.4 to 2.485 GHz),
near-field communication (NFC), Wi-Fi (e.g., Institute of Electrical and Electronics Engineers’
(IEEE) 802.11 standards), etc. For example, wireless connectivity (e.g., RF 900MHz or Wi-Fi) may
be integrated with the compact battery charger 102 to provide remote monitoring and control of the
compact battery charger 102 via one or more portable electronic devices 152. Using a wireless device
144, a user may be able to start and/or stop the compact battery charger 102’s charge cycle or
otherwise change the settings.

[0053] That is, via a communication network and a booster management server, a user may
monitor live charging status updates, charging conditions, historic data, remotely update software and
firmware, and stay connected with the compact battery charger 102 manufacturer’s news and updates.
In certain aspects, an internal cellular modem may be implemented that utilizes standards-based
wireless technologies, such as 2G, 3G, 4G, Code Division Multiple Access (CDMA), and Global
System for Mobile Communications (GSM), to provide wireless data communication over worldwide
cellular networks. An advantage of an internal cellular modem is that there is no reliance on a user’s
local network (e.g., wireless router, modem, etc.), thereby enabling communication between the
compact battery charger 102 and communication network, even in the event of a total power failure in

auser’s location.
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[0054] In certain aspects, a wired link 142 may be provided to manage communication and/or
transmission of signals or data between the processor 128 and another device via, for example, a data
port 146 (e.g., RS-232, USB, and/or Ethernet ports) capable of being wiredly coupled with another
data port 146 positioned outside the compact battery charger 102 housing. As noted above, a USB
port or 12V supply may be provided as DC output terminals 136 on the charger to facilitate the
charging of accessories, such as portable electronic devices 152. Thus, the compact battery charger’s
102 internal battery 150 may also be used as a power source for one or more DC accessories.
Charging while operating the accessories can extend run time of the compact battery charger 102, but
will also extend recharge time. If the load exceeds the charging input amperage (e.g., 1A), however,
the accessory being charged may discharge the internal battery 150.

[0055] The USB port may provide, for example, up to 3.0A at SVDC. To activate the USB
port, a USB power button (or other user selectable element) may be provided via user interface 138.
The USB port may be activated by pressing the USB power button, and disabled by, for example,
pressing the USB power button a second time, two or more times in quick succession, or held for a
predetermined period of time. The 12VDC power output may provide, for example, up to 6.0A a
12VDC.

[0056] The compact battery charger 102 may further comprise a plurality of sensors to
provide measurement data descriptive of the surrounding environment. In certain aspects, the USB
output may automatically shut off when no load is detected (e.g., after 5-10 minutes of a no load
state). The 12VDC power supply, however, may remain active until the compact battery charger 102
reaches a low battery state (e.g., the internal battery 150°s charge level is less than a predetermined
threshold, e.g., number of coulombs). The 12VDC power supply may be used to supply power to an
integrated or remotely situated air compressor (e.g., for tire inflation) and may further function as a
memory saver. The 12VDC power supply may be limited to 6.0A with over current protection. In
certain aspects, a user may wish to check the internal battery 150°s charge level. To do so, a button
(or other user selectable element) may be provided via user interface 138 that causes the charge level
to be displayed on the display device 114. To ensure accuracy of the measurement, the user may be
instructed (e.g., via display device 114) to turn off the compact battery charger 102 before actuating
the button (or displaying the charge level). In one aspect, the display device 114 can show the internal
battery 150’s percent of charge, or a battery icon indicating the same. For example, the display device

114 may display “100%” (or a solid battery icon) when the internal battery 150 is fully charged.
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[0057] The compact battery charger 102 may include a temperature or humidity sensor, or
configured to monitor other appliances or devices, either directly (e.g., using a sensor) or wirelessly
(e.g., using Wi-Fi). For example, the compact battery charger 102 may be configured to charge and
monitor, in addition to automotive batteries, one or more portable electronic devices 152 being
charged by said compact battery charger 102. Another temperature sensor may be provided to
measure the temperature of a battery being charged (e.g., a lithium-ion battery). If the measured
temperature deviates from an operating range (i.e., a range in which the measured value is
acceptable), the charging or boosting operating may be prohibited.

[0058] A power management circuit 132 may be used to manage power needed to operate the
compact battery charger 102 (and components thereof), start an engine, and to charge the external
battery 104 or other device. That is, AC power may be drawn from an AC power supply 148,
converted to DC power, and used to charge external battery 104 and/or internal battery 150. For
instance, the compact battery charger 102 may be removably coupled with an AC power supply 148
located outside the housing (e.g., a wall outlet) via an AC input terminal 134 and an AC to DC
converter. In such an example, an AC wall charger may receive 120VAC from an electrical wall
outlet and output, via an inverter, 12VDC to the compact battery charger 102’s input socket. When
charging, an LED (e.g., a green LED) may light, and/or the display device 114 may display a
message such as “Charging - [XX]%.” When the charging has completed, the LED may pulse, and/or
the display device 114 may display a message such as “Fully Charged.”

[0059] In certain aspects, a Single-Ended Primary-Inductor Converter (SEPIC) circuit 302, in
conjunction with an AC to DC converter 314, may be used to charge the internal battery 150.
Generally speaking, a SEPIC circuit 302 is a type of DC to DC converter that allows the electrical
potential (voltage) at its output to be greater than, less than, or equal to that at its input. The output of
a SEPIC circuit 302 is controlled by the duty cycle of the control transistor. A SEPIC circuit 302
exchanges energy between capacitors and inductors in order to convert a variable input voltage to a
predetermined output voltage. The amount of energy exchanged is controlled by a switch, which may
be a transistor such as a Metal-Oxide-Semiconductor Field-Effect Transistor (MOSFET). As a result,
a SEPIC circuit 302 enables a wide variation in input voltage both substantially higher and lower than
nominal battery voltage. For example, to charge a 12 volt battery (nominal voltage) to 14.4V, the
variable input voltage can be a voltage from a predetermined range, such as between SVDC to

20VDC, thereby enabling internal battery 150 recharging functionality via a USB port, which is

15

NOCO Exhibit 2005
ADC v. NOCO
IPR2024-00671

Page 1840



WO 2016/025869 PCT/US2015/045335

SVDC. That is, the input voltage may not be always known, but the predetermined range may be
known. In certain aspects, the SEPIC circuit 302 may be shut off (e.g., bypassed) to facilitate a higher
efficiency charge. For example, if a 20V power supply is used, the compact battery charger 102 may
bypass the SEPIC circuit 302, whereas, if 12VDC power supply (e.g., a vehicle charger accessory) is
used, the SEPIC circuit 302 may be employed.

[0060] Accordingly, as illustrated in Figure 3, a supercapacitor 308, or another storage
capacitor, may be used in conjunction with the SEPIC circuit 302 to supply a large amount of power
that is sufficient time to jump start a vehicle. Supercapacitors 308 are useful in that, unlike batteries,
they do not necessarily suffer from ageing and temperature problems. Because the amount of energy
in the capacitor is finite, however, supercapacitors 308 are primarily used for engine starting. Yet,
when a supercapacitor is simply coupled to a depleted battery, the finite energy reserve is drained into
the battery, often lowering the supercapacitor’s 308 voltage to a level that cannot start an engine. A
jump starter battery, on the otherhand, can start an engine as it has sufficient current to override the
discharging effects of a depleted vehicle battery. In cold weather, however, the peak current that a
battery can supply may be limited due to the temperature effecting the chemical reaction inside the
jump starter battery. This limit in peak current may be such that the engine may not turn over. Thus,
an improved system for starting the vehicle may be jump starter having both an internal battery 150
and a supercapacitor 308, where the battery can supplies sufficient current to overcome the effects of
the depleted external battery 104, while the supercapacitor 308 may supply the peak current.

[0061] In general, a supercapacitor 308 can hold a very high charge that can be released
relatively quickly, thereby making it suitable for jump starting a vehicle, since the vehicle cranking
operation lasts for a very short period of time during which high cranking power is required.
Moreover, supercapacitors 308 are relatively small in size and can be employed in the compact
battery charger 102 to provide sufficient cranking power to jump-start a vehicle. In operation, the
SEPIC circuit 302 would draw current from the depleted external battery 104, which would be used
to charge the supercapacitor 308. A small lithium battery may be used in combination with the
supercapacitor to prevent the supercapacitor 308 from discharging the current back to the depleted
external battery 104 until the compact battery charger 102 determines that the user trying to start the
vehicle. Existing supercapacitor jump starter systems are deficient because they would require the
removal of one of the external battery 104 connections to prevent the capacitor from discharging back

into the dead battery. The disclose arrangement, however, obviates the need to disconnect one of the
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external battery’s 104 terminals. Thus, in one aspect of the present invention, a compact battery
charger 102 is provided that employs a SEPIC circuit 302 in conjunction with a supercapacitor 308.
[0062] An example schematic diagram 300 of a charger having a SEPIC circuit 302 in
conjunction with a supercapacitor 308 is illustrated in Figure 3. As illustrated, DC input power is
received from a DC power supply 156 via DC input terminal 154, or either AC power supply 148 via
an AC to DC converter 314. The DC input power is received by SEPIC circuit 302 and output to the
internal battery 150 and the supercapacitor 308, in parallel, via an internal battery controller circuit
304 and a supercapacitor controller circuit 306, respectively. The internal battery controller circuit
304 and a supercapacitor controller circuit 306 may be used to monitor the parameters of the internal
battery 150 and the supercapacitor 308, such as the charge level. Further, internal battery controller
circuit 304 may monitor the temperature of the internal battery 150. The parameters may be
communicated to the processor 128, which controlled, inter alia, the battery control relay 310, and
supercapacitor controller 312.

[0063] The supercapacitor 308 and internal battery 150 may receive charging current from the
DC input power. When DC input power is unavailable, for instance, the supercapacitor 308 may
receive charging current from external battery 104 via the supercapacitor controller 312. For example,
if an external battery 104 having a nominal voltage of 12VDC has depleted to 6VDC, the external
battery 104 may be unable to start a vehicle, but the remaining power may be drawn from the
depleted external battery 104 to the supercapacitor 308, which could then be used to boost the
vehicle. As noted above, existing supercapacitor-only battery boosters were required to disconnect
one of the external battery’s 104 terminals so as to avoid premature discharge of the supercapacitor
into the depleted battery. The lithium ion battery, however, may be used to output a current to the
external battery 104, which may be monitored by the processor 128. If a drop in current is detected at
the DC output terminal 136, the processor 128 may determines that the user is attempting to start the
vehicle and the supercapacitor controller 312 may be instructed to electrically couple the
supercapacitor 308 to the external battery 104 (via DC output terminal 136), thereby causing the
supercapacitor 308 to quickly discharge into the external battery 104, thereby enabling the vehicle to
start. The processor 128 may be similarly configured to control the battery control relay 310, which
enables the internal battery 150 to discharge into the external battery 104.

[0064] Thus, the internal battery 150 and a supercapacitor 308 can each be recharged by a
SEPIC circuit 302, which may any input voltage between, for example, SVDC to 20VDC. The
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internal battery controller circuit 304 recharges the battery inside the compact battery charger 102
properly, while a separate supercapacitor controller circuit 306 charges the supercapacitor 308. The
supercapacitor 308 may also be recharged from the internal battery 150, thereby providing multiple
peak current starts. The jump starting function is controlled by one or more processors 108 (e.g., a
microprocessor(s)) once the jump starter cables are attached to an external battery 104 and the jump
start function is engaged (either manually or automatically) the internal jump starter battery is
connected by a circuit or relay to the vehicle’s battery. The internal battery 150 transfers energy into
the external battery 104 and when the vehicle ignition is actuated (e.g., the key is turned, or the start
button is pressed), current drawn from the starter motor will cause a voltage drop across the jump
starter connection leads. This voltage drop will be detected by the one or more processors 108, at
which point the one or more processors 108 will electrically couple the supercapacitor in parallel with
its internal battery 150 to supply the peak current required to start the engine. If the engine starts, the
jump starter function is done and the compact battery charger 102 can recharge itself (e.g., the
internal battery 150 and/or the supercapacitor 308) from an electrical connection to the vehicle’s
electrical system, which may continue until the internal battery 150 and/or the supercapacitor 308 are
fully charged. Afterwhich the compact battery charger 102 may shut off its charging function, or the
clamps are removed. If the vehicle does not start, once the starter is disengaged the voltage on the
external battery 104 will stabilize and the supercapacitor 308 will recharge from the internal battery
150 (or any available power from the external battery 104), and prepare for the next attempt to start
the engine, whereby the process is repeated.

[0065] There are a number of ways in which the internal battery 150 may be charged. The
user may also charge the internal battery 150 while driving via the DC input terminal 154 using a
12VDC car charger that couples to the cigarette lighter. Accordingly, a 12VDC input socket may be
used to recharge the compact battery charger 102 to a point where the compact battery charger 102 is
charged. The compact battery charger 102 may then be used to jump start a vehicle having an external
battery 104. In certain aspects, the compact battery charger 102 may be charged through the clamps,
which may be retractable and/or configured to be housed in a recess of the compact battery charger
102’s housing. For example, charging may be accomplished by leaving the relay closed, thereby
allowing the alternator in the vehicle, which can provide up to 70A, to rapidly charge the internal
battery 150. Thus, the compact battery charger 102 may be configured to sense the current in a

bidirectional manner through the clamps (e.g.. (1) to measure current going from the compact battery
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charger 102 into the external battery 104, and (2) from the external battery 104 into the compact
battery charger 102). To prevent overheating when current is passing into the compact battery charger
102, a temperature sensor may be coupled to the compact battery charger 102, whereby the relay is
shut off if the compact battery charger 102, or the internal battery 150, reaches a predetermined shut-
off temperature threshold. Indeed, a benefit of maximizing the amount of current going back into the
compact battery charger 102 is that it yields a faster charge.

[0066] In lieu of clamps, the compact battery charger 102’s charger cables may be fixedly
coupled to the external battery 104 (e.g., via a bolt and ring terminals) and configured to quick
connect to compact battery charger 102 (e.g., using quick connects/disconnect connectors). In certain
instances, the quick connect connectors may not be compatible with different devices. For example, a
battery maintainer (a/k/a trickle charger) may use a first type of connector, while a compact battery
charger 102 may use a second type of connector. Such issues are common between different
manufacturers. Due to the inconvenience of disconnecting and reconnecting the fixedly coupled
connections, it may be advantageous to use a charger cable that fixedly couples to the external battery
104 at one end, but provides a plurality of different connectors at the second end. For example, the
first end may be fixedly coupled to a battery terminal through the ring terminals, while the second
end may be provided with two connecters, namely (1) an ECS (male) connector configured to couple
with an EC5 (female) connector of the compact battery charger 102 and (2) a second (male)
connector configured to couple with a second (female) connector of a battery charger/maintainer. One
or more end caps may be further provided to protect the unused connector from dirt and debris. Such
a charger cable would be of particular use for vehicles that are not often used and typically require
jump starting. While two connectors are described, such a charger cable need not be limited to two
connectors, nor should it be limited to the example connector types described.

[0067] In another alterative, the entire compact battery charger 102 may be permanently
coupled to an external battery 104 or a vehicle’s electrical system (e.g., installed under the hood or
inside the vehicle). For example, the compact battery charger 102 may be fixedly coupled to the
vehicle and remotely actuated using a physical button or controller (e.g., one positioned under the
hood, on the dashboard, in the glove box, etc.), or wirelessly. When integrated with the vehicle, the
compact battery charger’s 102 housing may be fabricated to mitigate damage from engine
temperature or engine fluids. Wireless control may be accomplished using, for example, a portable

electronic device 152 that is communicatively coupled to the compact battery charger 102 via a

19

NOCO Exhibit 2005
ADC v. NOCO
IPR2024-00671

Page 1844



WO 2016/025869 PCT/US2015/045335

communication network. For instance, a smart phone may wirelessly send a signal to the compact
battery charger 102, either directly or through the vehicle’s control system, which causes the compact
battery charger 102 to output boosting energy or charging energy to the external battery 104 of the
vehicle. The wireless communication may employ one or more wireless standards such as Bluetooth
(e.g., short-wavelength, UHF radio waves in the ISM band from 2.4 to 2.485 GHz), NFC, Wi-Fi (e.g.,
IEEE 802.11 standards), etc. When permanently coupled to the external battery 104 or vehicle’s
electrical system, the compact battery charger 102 may charge the internal battery 150 when the
vehicle is running via the vehicle’s electrical system (e.g., 12VDC supply).

[0068] In certain aspects, the supercapacitor 308 may be integrated with the vehicle’s
electrical system and configured to receive any residual power from the vehicle’s accessories for use
in jump starting the vehicles. For example, vehicles often have sufficient power to power the
vehicle’s entertainment system, but insufficient power to turn over the engine. In this example, the
power may be diverted from the entertainment system (or other accessory or auxiliary system) at the
press of a button and used to charge an integrated supercapacitor, which may be used to jump start the
vehicle.

[0069] In certain aspects, the compact battery charger 102 may employ inductive charging to
facilitate wireless charging of the internal battery 150. For example, the compact battery charger 102
may be placed on a corresponding charging inductor pad to charge the compact battery charger 102’s
internal battery 150. In one aspect, the charging inductor pad may comprise an induction coil that
creates an alternating electromagnetic field from within a charging inductor pad and a second
induction coil in the compact battery charger 102 that receives power from the electromagnetic field
and converts the received power into electric current to charge the internal battery 150. The two
induction coils in proximity combine to form an electrical transformer. Greater distances between
transmitter and receiver coils can be achieved when the inductive charging system uses resonant
inductive coupling. The coils may be fabricated using a number of materials, such as silver plated
copper (or aluminum) to minimize weight and decrease resistance resulting from the skin effect. The
charging inductor pad and the compact battery charger 102 may operate in compliance with one or
more wireless power transfer standards, such as the Power Matters Alliance (PMA) under the IEEE
Standards Association (IEEE-SA) Industry Connections, Rezence, and Qi. The PMA interface
standard describes analog power transfer (inductive and resonant), digital transceiver communication,

cloud based power management, and environmental sustainability.
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[0070] Rezence is an interface standard developed by the Alliance for Wireless Power
(A4WP) for wireless electrical power transfer based on the principles of magnetic resonance. The
Rezence system comprises a single power transmitter unit (PTU) and one or more power receiver
units (PRUs). The interface standard supports power transfer up to 50 Watts, at distances up to 5
centimeters. The power transmission frequency is about 6.78 MHz, and a plurality of devices can be
powered from a single PTU depending on transmitter and receiver geometry and power levels. To use
the Rezence system, the compact battery charger 102 (i.e., PRU) is placed on top of the charging
inductor pad (i.e., PTU), which charges the compact battery charger 102’s internal battery 150 via
resonant inductive coupling. In addition to power transfer, the Rezence system may be used to
transfer data from the compact battery charger 102 (e.g., from the internal data storage device 122) to
another device via the charging inductor pad. There exists, however, overlap between the PMA and
Rezence specifications. For instance, PMA adopted the Rezence specification as the PMA magnetic
resonance charging specification for both transmitters and receivers in both single and multi-mode
configurations, while Rezence adopted the PMA inductive specification as a supported option for
multi-mode inductive, magnetic resonance implementations. Akin to Rezence, Qi is an interface
standard developed by the Wireless Power Consortium for inductive electrical power transfer over
distances of up to 4 centimeters. The Qi system comprises a PTU and a PRU. To use the Qi system,
the compact battery charger 102 (i.e., PRU) is placed on top of the charging inductor pad (i.e., PTU),
which charges the compact battery charger 102’s internal battery 150 via resonant inductive coupling.
[0071] Inductive charging offers advantages to the compact battery charger 102, beyond
convenience of use. First, the connections on both the compact battery charger 102 and charging
inductor pad are enclosed; therefore corrosion is avoided (or mitigated) because any electronic
components are protected from water and oxygen in the atmosphere. Moreover, to mitigate water
damage, the compact battery charger 102’s housing may be waterproof and buoyant to facilitate, for
example, marine applications. Second, inductive charging also lends durability to the compact battery
charger 102 because the need to plug and unplug the device is obviated, resulting in significantly less
wear and tear on the socket of the device and the attaching cable.

[0072] In certain aspects, the compact battery charger 102 may employ solar cells to facilitate
a charging of the internal battery 150 and/or supercapacitor 308. The solar cell may be provided as a
separate solar cell panel, or integrated with the compact battery charger 102. For example, solar cells

may be positioned on an exterior surface of the compact battery charger’s 102 housing or, when
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integrated with a vehicle, the solar cell may be positioned on the vehicle, such as the roof, hood,
trunk, windows, etc.

[0073] The compact battery charger 102°s housing may further comprise a metal (e.g.,
aluminum) plate on a back side to facilitate exterior warming of the interior battery 150 via the user’s
hand. Conversely, a button may be provided on the user interface 138 that causes power to be
diverted from the interior battery 150 to a heating apparatus, such as a flexible heater. Flexible heaters
can conform to a surface, such as a the compact battery charger 102. Example flexible heaters include
silicone rubber heaters, polyimide film heaters, heating tapes, etc. Suitable flexible heaters include,
for example, polyimide film insulated flexible heaters, such as those available from OMEGA
Engineering Inc, and Kapton heaters (a form of ultra-thin, ultra-flexible, semitransparent, lightweight
heaters), such as those available from Bucan Electric Heating Devices Inc.

[0074] The DC power may be output to the external battery 104 or other devices by way of a
DC output terminal 136 (e.g., battery terminal cables/clamps). Thus, power management circuit 132
and processor 128 may control the charging operation of the external battery 104 to provide charging,
maintaining, and, in certain embodiments, the jump start function. Further, power management circuit
132 and processor 128 may facilitate reverse hook-up protection, as well as automatic nominal
battery voltage detection. While the power management circuit 132 and processor 128 are illustrated
as separate components, one of skill in the art would appreciate that power management functionality
(e.g., battery charging, battery maintaining, etc.) may be provided as a single component that
combines the functionality of the power management circuit 132 and processor 128.

[0075] The output power may be controlled by software (e.g., via a relay, MOSFET, and/or a
silicon-controlled rectifier). The output power may be controlled using one or more parameters, such
as maximum current over time, maximum temperature of battery, maximum time alone and/or
minimum voltage (with or without time). Thus, when a parameter value is exceeded (or a requirement
isn’t met), the output voltage may be shut off. The compact battery charger 102 may include the
ability to sense, or otherwise detect, that a battery (or other load/power supply) is coupled to the
clamps. When a battery is not detected, the power may be shut off; however, the user may be
provided with a manual override option (e.g., by holding a button for a predetermined amount of
time, such as 2 to 10 seconds, or about 5 seconds). In certain aspects, the compact battery charger 102
may not charge an external battery 104 when the external battery 104 is too hot or cold, thereby

avoiding potential hazards and maintaining efficiency.
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[0076] The compact battery charger 102 may further include the ability to sense the
occurrence of a manual override, and, if voltage is still O after engine start, the user may be instructed
to check and replace the vehicle battery. Further, an automatic shut-off function may be provided if a
battery/load/power supply is not attached to the clamps within a predetermined amount of time (e.g.,
about 1 to 60 minutes, more preferably about 5 to 30 minutes, most preferably about 15 minutes). The
compact battery charger 102 may further preheat a cold battery by, for example, running amperes
though the battery, or an internal heater. The compact battery charger 102 may further employ
alternate power sources, such as a solar panel to enable battery maintaining and charging, as well as
data monitoring through solar panels (e.g., one or more 12-14 Watt panels). For example, solar cells
may be used to charge or maintain fleet vehicles, such as vehicle dealership fleets, rental vehicles
fleets, etc.

[0077] To use the jump start function, the DC output terminal 136 may be coupled to the
external battery 104 (i.e., the battery to be charged/jumped, whether directly or indirectly) and the
user interface 138 may be used to activate the boost feature. If the compact battery charger 102 is
being charged when the jump start function is selected, the display device 114 may indicate that the
jump start function cannot be performed while the compact battery charger 102 is charging. If the
clamps are improperly connected (e.g., reverse polarity or disconnected), an aural alarm may sound,
and the display device 114 may display a warning message, such as “Warning — Reverse Polarity” or
“Warning - Battery Disconnected.” Conversely, if the clamps are properly connected and the compact
battery charger 102 is ready for use, the display device 114 may display a standby message, such as
“Jump Start Ready.”

[0078] If the compact battery charger 102’s jump start function is attempted twice within a
predetermined time period (e.g., a minute), the jump start function may be prohibited until the
compact battery charger 102 has cooled down. During the cool down period, the display device 114
may display a cool down message, which may also indicate the remaining time for the cool down
period.

[0079] If the external battery 104’s voltage is too low for the compact battery charger 102 to
detect that the clamps are connected, a manual start procedure (e.g., the manual override) may be
selected to enable the jump start function. To use the manual start procedure, the DC output terminal
136 may be coupled to the external battery 104 and the user interface 138 may be used to activate the

boost feature. For example, the same button may be used to trigger the jump start function, but
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instead of a momentary press, the button may be pressed and held for a predetermined period of time
(e.g., about 2 to 10 seconds, more preferably about 5 seconds) until the display device 114 displays
the standby message. In certain aspects, the manual start procedure may override safety features to
ensure that power is delivered regardless of connection status. Accordingly, the compact battery
charger 102 may energize the clamps and cause sparking if they are touched together (i.e., shorted).
[0080] Figure 2 illustrates a flow diagram 200 of an example method for providing the jump
start function using a compact battery charger 102. The process starts at step 202, which may be
initiated by the user actuating a jump start function button on the user interface 138. At step 204, the
compact battery charger 102’s processor 128 determines, using one or more sensors, whether the
temperature of the internal battery 150 is within an operating range. For example, if the temperature
of the internal battery 150 exceeds a first predetermined shut-off temperature threshold, a warning is
provided at step 220 indicating that the internal battery 150 is too hot. Similarly, if the temperature of
the internal battery 150 does not meet a first predetermined shut-off temperature threshold, a warning
is provided at step 220 indicating that the internal battery 150 is too cold. Otherwise, the process
proceeds to the next step.

[0081] At step 206, the compact battery charger 102’s processor 128 determines whether the
state of charge for the internal battery 150 is within an operating range. For example, if the internal
battery 150°s state of charge does not meet a predetermined charge level threshold, a warning is
provided at step 220 indicating that the internal battery 150 is not adequately charged. Otherwise, the
process proceeds to the next step.

[0082] At step 208, the compact battery charger 102°s processor 128 determines whether the
internal battery 150 is being charged. If the internal battery 150’s is being charged, a warning is
provided at step 220 indicating that the internal battery 150 is being charged and cannot be used to
provide the jump start function. Otherwise, the process proceeds to the next step.

[0083] At step 210, the compact battery charger 102’s processor 128 determines whether an
external battery 104 is coupled to the compact battery charger 102 (e.g., via clamps coupled to the DC
output terminal 136). If no external battery 104 is detected (e.g., by measuring a voltage or resistance
across the battery terminals), a warning is provided at step 220 indicating that the external battery 104
is not detected. Otherwise, the process proceeds to the next step.

[0084] At step 212, the compact battery charger 102’s processor 128 determines whether an

accessory is currently coupled to, or otherwise using, the compact battery charger 102 (e.g., via DC
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output terminal 136 or an AC output terminal). If an accessory is detected (e.g., by detecting a load or
other current draw at an output terminal), a warning is provided at step 220 indicating that the internal
battery 150 is in use and cannot be used to provide the jump start function. Otherwise, the process
proceeds to the next step.

[0085] At step 214, the compact battery charger 102°s processor 128 determines whether an
external battery 104 is properly coupled to the compact battery charger 102. If a reverse polarity
condition is detected for the external battery 104, a warning is provided at step 220 indicating that the
external battery 104 is improperly connected. Otherwise, the process proceeds to the next step.

[0086] At step 216, the compact battery charger 102’s processor 128 determines whether the
compact battery charger 102 is in a cool down period. For example, as noted above, if the compact
battery charger 102’s jump start function is attempted twice within a predetermined time period (e.g.,
a minute), the jump start function may be prohibited until the compact battery charger 102 has cooled
down (i.e., the predetermine time period has elapsed). Accordingly, if the jump start function has
been performed within a predetermined period of time, a warning is provided at step 220 indicating a
cool down message, which may also indicate the remaining time for the cool down period. After the
predetermined time period has elapsed at step 222 (e.g., using a timer), the process may proceed to
the next step.

[0087] At step 218, the compact battery charger 102 is ready to perform the jump start
function, whereby boosting energy may be output to the external battery 104 upon actuating the jump
start function button on the user interface 138, or automatically. The boosting energy may be
provided for a predetermined period of time, before shutting off. For example, the boosting energy
may be provided for 1 to 60 seconds, more preferably 5 to 30 seconds.

[0088] A warning may be provided at step 220 via one or more of a display device 114, a
speaker 124, or to another device (e.g., a portable electronic device 152) via a communication
network. The message may indicate to the user one or more statuses/conditions of the internal battery
150, external battery 104, and/or of the compact battery charger 102, such as those illustrated in Table
A.

[0089] At step 224, the process may be reset such that the process is repeated. The reset
feature may be manually triggered (e.g., via a button) or automatically once a predetermined

condition is met. For example, if the temperature of the internal battery 150 is outside of the operating
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range, the system may be automatically reset once the temperature of the internal battery 150 returns
to the operating range. If a reset is not selected at step 224, the processed exits at step 226.

[0090] In certain aspects, a manual override option may be selected (e.g., at any time) that
causes the compact battery charger 102 to proceed to step 218, the compact battery charger 102 is
ready to perform the jump start function, regardless of the status of the internal battery 150, external
battery 104, or of the compact battery charger 102. Further, the compact battery charger 102’s
processor 12§ determines whether the voltage of the internal battery 150 or the external battery 104
exceeds a predetermined threshold, in which case charging and/or boosting is prohibited to prevent
overcharging.

[0091] The above-cited patents and patent publications are hereby incorporated by reference
in their entirety. Although various embodiments have been described with reference to a particular
arrangement of parts, features, and the like, these are not intended to exhaust all possible
arrangements or features, and indeed many other embodiments, modifications, and variations will be
ascertainable to those of skill in the art. Thus, it is to be understood that the invention may therefore

be practiced otherwise than as specifically described above.

26

NOCO Exhibit 2005
ADC v. NOCO
IPR2024-00671
Page 1851



WO 2016/025869 PCT/US2015/045335

What is claimed is:

Claim 1. A compact battery booster comprising:

a processor;

a display device operatively coupled to the processor, wherein the display device
displays a status of the compact battery booster;

a storage capacitor and an internal lithium ion battery, each of said storage capacitor
and said internal lithium ion battery configured to provide a boosting energy to a vehicle coupled
to an external battery;

a direct current (DC) output terminal configured to electrically couple with the
external battery;

a single-ended primary-inductor converter configured to receive a variable input
voltage between 5 volts DC and 20 volts DC and to output a predetermined output voltage to
said storage capacitor and said internal lithium ion battery; and

a power management circuit operatively coupled to the processor, the power
management circuit configured to electrically couple the DC output terminal with said storage
capacitor or said internal lithium ion battery, thereby providing the boosting energy from said
storage capacitor or said internal lithium ion battery to said vehicle.

Claim 2. The compact battery charger of claim 1, wherein the storage capacitor is a
supercapacitor.

Claim 3. The compact battery charger of claim 1, wherein the storage capacitor
draws a charging current from the external battery.

Claim 4. A compact battery charger comprising:

a Processor;

27

NOCO Exhibit 2005
ADC v. NOCO
IPR2024-00671

Page 1852



WO 2016/025869 PCT/US2015/045335

a display device operatively coupled to the processor, wherein the display device
displays a status of the compact battery charger;

an internal lithium ion battery, said internal lithium ion battery configured to provide
a predetermined output energy;

a direct current (DC) output terminal, wherein the DC output terminal is configured
to couple with an external battery;

a single-ended primary-inductor converter configured to receive an input voltage
within predetermined input voltage range and to output a predetermined charge voltage to said
internal lithium ion battery; and

a power management circuit operatively coupled to the processor, the power
management circuit configured to electrically couple the DC output terminal with said internal
lithium ion battery, thereby providing the predetermined output energy from said internal lithium
ion battery to said external battery.

Claim 5. The compact battery charger of claim 4, further comprising a
supercapacitor, wherein the single-ended primary-inductor converter charges the supercapacitor.

Claim 6. The compact battery charger of claim 4, further comprising a
supercapacitor, wherein the supercapacitor draws current from the external battery to charge the
supercapacitor.

Claim 7. The compact battery charger of claim 4, wherein the predetermined input
voltage range is 5 volts to 20 volts.

Claim 8. The compact battery charger of claim 4, wherein the predetermined charge

voltage is greater than the input voltage.
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Claim 9. The compact battery charger of claim 4, wherein the predetermined output
energy is a boosting energy for starting an engine coupled to the external battery.

Claim 10. The compact battery charger of claim 4, wherein the predetermined output
energy is a charging energy for charging the external battery.

Claim 11. The compact battery charger of claim 4, further comprising (1) a reverse
polarity sensor configured to detect a polarity of the external battery; (2) a temperature sensor
configured to detect a temperature of said internal lithium ion battery and to provide a
temperature signal to said processor; and (3) a voltage sensor configured to detect a voltage of
said internal lithium ion battery.

Claim 12. The compact battery charger of claim 4, further comprising a removable
internal data storage device.

Claim 13. The compact battery charger of claim 4, further comprising an internal
induction coil, wherein the internal induction coil receives energy from an electromagnetic field
created by an external induction coil and converts the electromagnetic field to produce the input
voltage.

Claim 14. The compact battery charger of claim 4, further comprising a second DC
output terminal, wherein the DC output terminal provides a boosting energy for starting an
engine coupled to the external battery, and wherein the second DC output terminal provides a
charging energy to a portable electronic device.

Claim 15. The compact battery charger of claim 14, wherein said second DC output
terminal is a Universal Serial Bus (USB) port.

Claim 16. The compact battery charger of claim 4, wherein the display device enters

into a sleep mode after a predetermined time period of inactivity.
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Claim 17. The compact battery charger of claim 4, wherein the DC output terminal
runs a predetermined current through the external battery to preheat the external battery.

Claim 18. The compact battery charger of claim 4, further comprising a DC to
alternating current (AC) converter coupled between the internal lithium ion battery and an AC
output terminal.

Claim 19. The compact battery charger of claim 4, further comprising an internal
data storage device, wherein the internal data storage device backs up digital content stored to a
portable electronic device via a USB port.

Claim 20. A compact battery charger comprising:

an internal lithium ion battery, said internal lithium ion battery configured to provide
a predetermined output energy;

a direct current (DC) output terminal, wherein the DC output terminal is configured
to couple with an external battery;

an internal induction coil, wherein the internal induction coil receives energy from
an electromagnetic field created by an external induction coil and converts the electromagnetic
field to produce an input voltage;

a DC to DC converter that receives the input voltage and outputs a predetermined
output voltage to said internal lithium ion battery; and

a power management circuit operatively coupled to the processor, the power
management circuit configured to electrically couple the DC output terminal with said internal
lithium ion battery, thereby providing the predetermined output energy from said internal lithium

ion battery to said external battery.
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Claim 21. The compact battery charger of claim 19, further comprising a removable

data storage device.
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convenient o charge, capable of outputling largs currents for sfarting an automobile, and capable of accurately controliing

current oulput,
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Portable electrical power supply.

A portable power supply is shown generally at
10. The power supply comprises a sealed re-
chargeable lead acid battery 11 to which is 3
connected a charging circuit 12 for charging
the battery 11.

A switching unit 13 controls the switching of
power from the battery 11 either to accessory
sockets 14 or to power output leads represen-
ted by 15.

Between the switching unit 13 and the power
output leads 15 are a reverse-polarity protection
circuit 16, a vehicle-start test/timer unit 17 and a
stand by/monitor circuit 18, the operation of all
of which will be described below.

The power supply apparatus 10 is primarily
for use in the supply of 12 V dc electrical power
at locations remote from conventional elec-
tricity supplies. The battery 11, at the heart of
the apparatus, can be recharged from either a
domestic mains electricity supply, using an inte-
gral mains charger unit 19, or from a 12-18 V dc
source, such as a vehicle cigar lighter socket, a
photovoltaic solar cell array, a wind-driven
generator etc. using an integral 12 V dc charger
lead 20.
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The present invention relates to a portable elec-
trical power supply apparatus and to a method of sup-
plying electrical power.

According to a first aspect of the present inven-
tion, there is provided portable apparatus for the sup-
ply of electrical power, the apparatus comprising re-
chargeable energy storage means arranged, in use,
to store electrical energy, output means arranged, in
use, to provide an output for electrical power from the
storage means and charging means arranged, in use,
to charge the storage means with electrical energy
from an external source.

In a preferred arrangement the apparatus com-
prises a housing.

Preferably the storage means comprises at least
one battery.

In a preferred arrangement, the charging means
comprises an electrical charging circuit arranged, in
use, to recharge the or each battery from an external
source of electrical power.

The unit may be arranged to supply direct current
electrical power. Alternatively or additionally, the ap-
paratus may be arranged to supply alternating cur-
rent electrical power.

The charging means may be arranged in use to
recharge the or each battery from an external source
of alternating current electrical power.

Preferably the charging means is arranged, in
use, to recharge the or each battery from an external
source of mains electrical power.

Alternatively or additionally, the charging means
may be arranged in use to recharge the or each bat-
tery from an external source of direct current electri-
cal power.

Preferably the charging means is arranged in use
to recharge the or each battery from a direct current
power source of a vehicle.

The apparatus preferably comprises a first mon-
itor means arranged in use to monitor an external
power supply. In a preferred arrangement, the appa-
ratus is arranged in use to supply electrical power au-
tomatically to an external appliance according to the
monitored condition of the external power supply.

The apparatus may be arranged in use to supply
electrical power to an external appliance automatical-
ly, according to a condition of an external power sup-
ply to an external appliance, which condition is detect-
ed by the first monitor means.

The apparatus may comprise a second monitor
means arranged, in use, to monitor a condition of an
external appliance. Preferably, the apparatus is ar-
ranged in use to supply electrical power to an external
appliance according to the monitored condition of the
appliance, which condition is detected by the second
monitoring means.

The first and second monitor means may com-
prise a common monitor means.

Preferably the apparatus comprises connection
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means for connection with an external battery. The
connection means may comprise electrically conduc-
tive cables.

In a preferred arrangement, the apparatus com-
prises means to recharge a battery of a vehicle to
which it is connected.

Alternatively or additionally, the apparatus may
be arranged to supply electrical power to assist in the
starting of a vehicle engine. Preferably, the apparatus
is arranged in use to recharge to a predetermined ex-
tent a vehicle battery to which it is connected and to
supply electrical power directly from its own battery
for supplementing the vehicle battery during starting
of the vehicle engine.

In a preferred arrangement the housing compris-
es a case. The case may comprise a closure member
which is moveable between a first open position in
which a user may gain access to one or more controls
of the apparatus and a second closed position, in
which the user may not so gain access.

The case may comprise a transparent window
portion for enabling a user to see one or more controls
of the apparatus.

In a preferred arrangement, the closure member
comprises the transparent portion.

The case may be provided with at least one car-
rying handle.

Preferably the case comprises a bag.

According to a second aspect of the present in-
vention, there is provided a method of starting an en-
gine using a portable power supply apparatus, the
method including electrically connecting the appara-
tus to terminals of a battery of the engine, supplying
a charging current from a storage means of the appa-
ratus to the battery of the engine to a predetermined
extent, and subsequently switching on a starter motor
of the engine whilst the apparatus is still electrically
connected to the battery of the engine.

The method may comprise starting the engine us-
ing a portable power supply apparatus according to
any statement herein.

According to a third aspect of the present inven-
tion, there is provided a method of supplying electrical
power to an electrical appliance from portable supply
apparatus, the method including supplying power
from a rechargeable storage means to at least one
output means, which output means is connected to
the appliance.

Preferably the method includes recharging the
storage means from either a mains electricity source
or from a direct current power source.

The method may include supplying electrical
power using apparatus according to any statement
herein.

The invention may be carried into practice in va-
rious ways, but an embodiment will now be described
by way of example with reference to the accompany-
ing diagrammatic drawings in which:
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Figure 1 shows schematically a portable power
supply apparatus according to one embodiment
of the present invention, and

Figure 2 shows a carrying case for the apparatus

of Figure 1.

Referring to Figure 1, a portable power supply is
shown generally at 10. The power supply comprises
a sealed rechargeable lead acid battery 11 to which
is connected a charging circuit 12 for charging the
battery 11.

A switching unit 13 controls the switching of pow-
er from the battery 11 either to accessory sockets 14
or to power output leads represented by 15.

Between the switching unit 13 and the power out-
put leads 15 are a reverse-polarity protection circuit
16, a vehicle-start test/timer unit 17 and a stand
by/monitor circuit 18, the operation of all of which will
be described below.

The power supply apparatus 10 is primarily for
use in the supply of 12 V dc electrical power at loca-
tions remote from conventional electricity supplies.
The battery 11, at the heart of the apparatus, can be
recharged from either a domestic mains electricity
supply, using an integral mains charger unit 19, or
from a 12-18 V dc source, such as a vehicle cigar
lighter socket, a photovoltaic solar cell array, a wind-
driven generator etc. using an integral 12 V dc charger
lead 20.

For example, the mains charger unit 19 which is
permanently attached to the apparatus on a short
lead, permits full recharging of the battery 11 from a
conventional mains electricity supply in around 15
hours. Alternatively, the 12V d¢ lead permits recharg-
ing of the battery 11 from a vehicle’s cigar lighter
socket during a short journey.

The 12 V dc accessory sockets 14 comprise con-
ventional vehicle cigar-lighter sockets which are pro-
tected by a 30 amp fuse (not shown). If it is required
to operate a 12 V applicance in this way, the switch
13 is made to connect the sockets 14 to the battery
11 and the appliance is connected using a conven-
tional cigar lighter plug, which fits into one of the sock-
ets 14.

An optional inverter device 21 may be employed
to provide a 240 V ac supply. This is achieved by con-
necting two cigar lighter plugs (not shown) of the de-
vice 21 into the two sockets 14.

In addition to supplying power to a range of 12 V
appliances and arange of 240V ac appliances the ap-
paratus can also be used to assist the starting of a ve-
hicle engine (not shown).

To do this, the switch unit 13 is made to connect
the battery 11 to the leads 15. The leads 15 are then
connected to terminals on the vehicle battery (not
shown) and, for a predetermined time interval, the ve-
hicle battery is charged from the internal battery 11
of the apparatus. Once the time interval has elapsed,
the test/timer unit 17 provides a visual indication on
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the exterior of the apparatus to confirm this and the
vehicle may be started. The leads 15 are left connect-
ed to the terminals of the vehicle battery so that the
charge on the vehicle battery can be supplemented
by the charge on the internal battery 11.

The reverse polarity protection circuit 16 is ar-
ranged to disconnect the internal battery 11 in the
event that the leads 15 are connected to the wrong
terminals on the battery, thereby avoiding damage to
either the internal battery 11 or the vehicle battery
(not shown).

The stand by/monitor 18 is used to monitor the
charge on an external battery, for example, a caravan
battery, which is being used to provide power for one
or more appliances. In the event that the charge on
the external battery falls below a predetermined lev-
el, the stand by/monitor unit detects this and begins
to charge the external battery from the internal bat-
tery 11, thereby maintaining the operation of the ap-
pliances.

Additionally, the stand by/monitor unit can moni-
tor a mains supply and, in the event of mains failure,
can enable the internal battery 11 to provide a back
up power supply for an appliance connected by the
sockets 14.

In more detail, the switching unit 13 comprises a
3-way mechanical switch, the three paositions of which
correspond to: (1) output via the sockets 14, (2) off
pasition, (3) output via the leads 15. In addition, the
switching unit 13 comprises an energise switch, which
electrically connects the sockets 14 to the internal
battery 11 via a low voltage control circuit.

The accessory sockets are protected by a 30
amp fuse and are intended to deliver the 12 V output
to arange of optional 12 V plug-in low current acces-
sories. The low voltage control circuit operates via a
small relay (not shown), which disconnects the output
in order to prevent the output voltage from falling be-
low a certain value, as power is drained by the acces-
sory.

This prevents the internal battery 11 from going
into deep-discharge from which it would be unlikely to
recover.

The heavy duty power leads 15 are used in the
engine’s start facility and are capable of delivering up
to around 200 amps. No fuse protection is provided
for this output, but protection is obtained by use of a
large relay (not shown), which disconnects the output
leads 15 when the voltage falls to below a predeter-
mined value (as it would if the leads 15 were acciden-
tally shorted together).

When the apparatus is connected to an external
12 V battery (for example a caravan battery), the ap-
paratus continuously monitors the voltage of that bat-
tery, and if it should fall below a predetermined level
(for example 10.5 V), the apparatus automatically
closes the contacts of a large relay so connecting the
apparatus’ internal battery 11 to the caravan battery.
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This results in the caravan battery being boosted for
a short period of time until its voltage is recovered, at
which time the apparatus disconnects the internal
battery 11 from the load. This operation is repeated
for as long as electrical charge remains in the appa-
ratus’ internal battery 11. The net result is that the
caravan owner, for example, can arrange 12 V acces-
sories in the caravan for longer than the caravan bat-
tery would permit.

The charge circuit 12 comprises a full-wave
bridge rectifier (the input of which is 16.5 V ac from
the mains charger unit 19), a smoothing and filtering
circuit, a voltage regulator and an output protection di-
ode (the output is 14.5 V dc) to charge the internal 12
V battery 11.

Referring to Figure 2, this shows a carrying case
containing the apparatus of Figure 1. The case is in
the form of a bag 22 having a zip-up flap 23 of trans-
parent plastics material and a carrying strap 24 at-
tached to each side of the bag 22 (only one attach-
ment shown).

The transparent fold back flap 23 enables the
user to see the controls without unzipping the flap 23.
If, however, access to the controls is required, the flap
23 can be conveniently unzipped and folded back, for
example to provide access to the accessory sockets
14 or to the three-position switch 25 of the switching
unit 13 (see Figure 1).

The leads 15 (shown in Figure 1) are retained in
internal compartments 26a and 26b, which are
formed in cavities between an internal plastics box 28
in which the unit 10 is housed and the external canvas
bag 22. Access to the leads 15 is obtained using a zip-
per 27, which extends around the side faces and bot-
tom face of the bag 22.

The above-described invention provides a conve-
nient fully portable and rechargeable power storage
and supply unit. The canvas bag 22 is strong and
weatherproof and is designed to be carried on the
shoulder using the strap 24.

The reader’s attention is directed to all papers
and documents which are filed concurrently with or
previous to this specification in connection with this
application and which are open to public inspection
with this specification, and the contents of all such
papers and documents are incorporated herein by ref-
erence.

All of the features disclosed in this specification
(including any accompanying claims, abstract and
drawings), and/or all of the steps of any method or
process so disclosed, may be combined in any com-
bination, except combinations where atleast some of
such features and/or steps are mutually exclusive.

Each feature disclosed in this specification (in-
cluding any accompanying claims, abstract and draw-
ings), may be replaced by alternative features serv-
ing the same, equivalent or similar purpose, unless
expressly stated otherwise. Thus, unless expressly
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stated otherwise, each feature disclosed is one ex-
ample only of a generic series of equivalent or similar
features.

The invention is not restricted to the details of the
foregoing embodiment(s). The invention extends to
any novel one, or any novel combination, of the fea-
tures disclosed in this specification (including any ac-
companying claims, abstract and drawings), or to any
novel one, or any novel combination, of the steps of
any method or process so disclosed.

Claims

1. Portable apparatus for the supply of electrical
power characterised in that the apparatus com-
prises rechargeable energy storage means ar-
ranged, in use, to store electrical energy, output
means arranged, in use, to provide an output for
electrical power from the storage means and
charging means arranged in use to charge the
storage means with electrical energy from an ex-
ternal source.

2. Apparatus according to Claim 1, wherein the ap-
paratus comprises a housing.

3. Apparatus according to Claim 1 or Claim 2,
wherein the storage means comprises at least
one battery.

4. Apparatus according to any of Claims 1 to 3,
wherein the charging means comprises an elec-
trical charging circuit arranged, in use, to re-
charge the or each battery from an external
source of electrical power.

5. Apparatus according to any of Claims 1 to 4,
wherein the unit is arranged to supply direct cur-
rent electrical power.

6. Apparatus according to any of Claims 1 to 5,
wherein the apparatus is arranged to supply al-
ternating current electrical power.

7. Apparatus according to any of Claims 1 to 6,
wherein the charging means is arranged in use to
recharge the or each battery from an external
source of alternating current electrical power.

8. Apparatus according to any of Claims 1 to 7,
wherein the charging means is arranged, in use,
to recharge the or each battery from an external
source of mains electrical power.

9. Apparatus according to any of Claims 1 to 8§,
wherein the charging means is arranged in use to
recharge the or each battery from an external
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source of direct current electrical power.

Apparatus according to any of Claims 1 to 9,
wherein the charging means is arranged in use to
recharge the or each battery from a direct current
power source of a vehicle.

Apparatus according to any of Claims 1 to 10,
wherein the apparatus comprises a first monitor
means arranged in use to monitor an external
power supply.

Apparatus according to Claim 11, wherein the ap-
paratus is arranged in use to supply electrical
power automatically to an external appliance ac-
cording to the monitored condition of the external
power supply.

Apparatus according tc Claim 11 or Claim 12,
wherein the apparatus is arranged in use to sup-
ply electrical power to an external appliance au-
tomatically, according to a condition of an exter-
nal power supply to an external appliance, which
condition is detected by the first monitor means.

Apparatus according to any of Claims 1 to 13,
wherein the apparatus comprises a second mon-
itor means arranged in use to monitor a condition
of an external appliance.

Apparatus according to Claim 14, wherein the ap-
paratus is arranged in use to supply electrical
power to an external appliance according to the
monitored condition of the appliance, which con-
dition is detected by the second monitor means.

Apparatus according to Claim 11 and Claim 14,
wherein the first and second monitor means com-
prise a common monitor means.

Apparatus according to Claim 2, wherein the
housing comprises a case.

Apparatus according to Claim 17, wherein the
case comprises a closure member which is move-
able between a first open position in which a user
may gain access to one or more controls of the
apparatus and a second closed position in which
the user may not so gain access.

Apparatus according to Claim 17 or 18 wherein
the case comprises a transparent window portion
for enabling a user to see one or more controls of
the apparatus.

Apparatus according to Claim 19, wherein the
closure member comprises the transparent por-
tion.
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21.

22

23.

Apparatus according to any of Claims 17 to 20,
wherein the case comprises a bag.

A method of starting an engine using a portable
power supply apparatus, the method including
electrically connecting the apparatus to terminals
of a battery of the engine, supplying a charging
current from a storage means of the apparatus to
the battery of the engine to a predetermined ex-
tent, and subsequently switching on a starter mo-
tor of the engine whilst the apparatus is still elec-
trically connected to the battery of the engine.

Amethod of supplying electrical power to an elec-
trical appliance from portable supply apparatus,
the method including supplying power from are-
chargable storage means to at least one output
means, which output means is connected to the
appliance.
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(54) Title of the Invention: An apparatus and method for charging a battery pack, and decoupling the charging
voltage from the battery pack voltage
Abstract Title: Battery charging circuit with balancing

(87) A charging circuit for a battery pack 300 has a battery pack controller 140 and several battery modules 200
connected in series. Each battery module 200 has a battery/capacitor charge controller 240, and has multiple
batteries connected in parallel and multiple capacitors connected in parallel. The battery pack controller 140
calculates a balanced state of charge for each battery module 200, and each battery/charge controller 240 uses
specific charge voltage and current to charge the batteries and capacitors to an optimum balanced state of charge,
which takes account of the state of health of all batteries in the pack 300. The charging circuit allows the battery
pack 300 to be recharged by any voltage regardless of the pack output voltage. Charging time is reduced by
eliminating the stop/start process of conventional active or passive balancing.
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An apparatus and method for charging a battery pack, and decoupling the charging voltage from the
battery pack voltage
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Battery packs used in large electric vehicles e.g. cars, trucks, buses, vans, trains, boats to supply high
voltage power to electric motors. This invention relates to large battery pack technology.
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Vehicles use ICEs to power its drive train. For electric vehicles a battery pack is needed to supply

large power to electric motors.

Rechargeable batteries e.g. lithium lon batteries, which are the building blocks of a battery pack,
take long time to charge, depending upon its chemistry.

Large commercial vehicles with large battery packs require long charging times to charge the battery
pack, and while the vehicle is being charged vehicles are not economically productive. For better
utilisation of such vehicles the battery pack must charge in shortest possible time.

Sattery charging/balancing- it is a key technology in a large battery pack which can power an
electric vehicle. Given the high voltage requirements of a large battery pack of around 300v to over-
500V DC; large number of Li-on batteries which have nominal voltage of around 3.6V need to be
connected in series and parallel to achieve high voltage and high current.

During charging, the whole of battery pack, with large number of serially connected batteries is
charged through a single high voltage DC charger. During this process individual batteries charge to
different voltages, resulting in some batteries overcharging while some undercharging. This happens
due to individual battery’s inherent chemistry and history of usage. This overcharge can resuit in
significant degradation of the batteries. To solve this overcharging and undercharging issue, there
are various methods used in the industry to balance {equalise) the charge across the battery pack—
these methods are broadly classified as Active and Passive.

a) Active bolancing methods transfer the current from highly charged batteries to less charged
batteries during the charging process — this method achieves excellent balancing results
however it siows the charging process as the charging has to be stopped to avoid damage to
the overcharged batteries until the charge is reduced to the max level allowed by the
chemistry. Thus Active method is a stop start charging/balancing process.

b) Passive balancing methods simply waste the excess charge of overcharged batteries through
resistors and thus easier to implement, however this method create heat in the vicinity of
batteries and reduces the charging efficiency.

Drawbacks of the current charging/balancing process:

a. The charging process has to stop until an overcharge battery is brought back into the
tolerance range of the charging. The charging is resumed when the overcharged issue is
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rectified. For a very large battery with thousands of small batteries this stop start
process consumes a lot of charging time.

b. If a battery or group of batteries are failed, it's not possible to simply replace the failed
batteries with new batteries as it would result in old batteries with lower capacity and
new batteries with high capacity. The active or passive balancing methods would not be
able to distinguish the new batteries from the old batteries and likely to end up
overcharging old batteries.
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1. Decoupling of charging voltage from the output voltage of the battery pack - this invention
decouples the input voltage from the battery pack output voltage which is based on battery
pack configuration. Hence the battery packs of any configuration can be charged using large
chargers and charging voltage is no longer tied to the battery pack voltage.

2. Charging and Balancing the batteries - This innovation measures SoC from a group of
batteries and voltage from a group of capacitors connected in parallel and uses a algorithm
which calculates the ‘balanced SoC’" and ‘balanced voltage’ for all the said groups.
Battery/capacitor charge controllers installed inside battery modules {BMs), charge each of
this said group with a specific voltage and current. The individual batteries and individual
capacitors which are connected in parallel are then allowed to self balance within their
respective groups. This extends the life of the batteries as these are not overcharged and
then charge removed. This also saves time to charge the battery pack.
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battery pack can be charged at any voltage whereas the discharging voltage is determined
by the configuration of the battery pack.
. Extend the life of the battery pack;
3. Fast charging of the battery pack.

e Figure 4- the schematic circuit diagram of overall system of charging of the
batteries/capacitors
¢ Figure 2.2 - shows the charging terminals and the BMs inside a battery pack
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The aim of this invention from technical point of view is to design an apparatus of a battery pack
charger, to:

a. provide faster charging of the batteries by saving time spent on charging the batteries and
then removing the charge from the overcharged batteries to balance the
batteries/capacitors;

b. decouple the DC charging voltage from the DC output voltage. The battery pack can be
charged at any DC voltage e.g. up to 1200v, while the battery pack DC output voltage is pre-
defined;

c. electrical modular designs of the battery pack, so that a battery module (BM) can be
replaced or taken out of the electrical circuit, without disrupting the electrical connection of
other BMs.

The second aim of this invention, from usability of the battery pack point of view, is to design an
apparatus of a battery pack charger, to:

a. extend the range of the battery pack , by maximising battery pack capacity utilisation and
storing regenerative current with minimal losses;

b. extend the longevity of the batteries, by not overcharging weak batteries, while fully
charging the stronger batteries;

In this disclosure, SoC is the State of Charge (SoC} which is a gauge of charge with in battery usually
expressed in percentage e.g. 80% charge. It is expressed as % of manufactured capacity. State of
Charge (SoC) of each battery/capacitor can be measured by any method including coulomb counting
methods. Depth of Discharge (DoD) is how much charge is left before the battery/capacitor is

recharged.
SoH means remaining capacity compared to manufactured capacity e.g. 95% of remaining capacity.

In this disclosure, Battery pack controller {140} determines the failure of a battery or a battery
module (BM) (200}. Battery pack controller’s algorithm takes into battery’s history of charging,
impedance, SoH, thermal runaway etc and determines the failure of the battery, or if more than one
battery is failed inside a BM, battery pack controlier {140) deems the BM as a failed BM. In this
disclosure the failure of batteries or capacitors or BM refers to Battery pack controller’s declared
failure.

In this particular embodiment the battery pack has a configuration of 128564P, with 128 battery
modules (BMs) connected in series, and each BM has a configuration of 62 batteries connected in
parallel and 2 capacitors in parallel.

In this particular embodiment BM has 62 cylindrical lithium-ion (Li-ion) rechargeable batteries {220}
and 2 capacitors. In another embodiment it could be derivative of Li-ion or any other chemistry; in
the shape of cylinder, tower, pouch or prismatic or any other shape. Further the batteries could be
of high energy density. In this disclosure all these rechargeable batteries {220) of different
chemistries and shapes are referred to as Batteries (220) in plural and Battery in singular. In this
particular embodiment BM has 2 Electric double layer capacitors (EDLC) cylindrical capacitors, also
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called supercapacitors. in another embodiment these capacitors could be Asymmetric
Electrochemical Double Layer Capacitor {AEDLC), Lithium lon capacitors, or grapheme
supercapacitors. In this disclosure all capacitors of different electrochemical, chemistries and shapes
are referred to as capacitors in plural and capacitor in singular. In another embodiment there could
be any number of batteries (220) and any number of capacitors (220) in a BM.

in another embodiment a group of batteries and a group of capacitors can be arranged together
inside a larger pack, without the mechanical casing of a BM. Each such group of batteries and
capacitors is considered as one BM. If one or more such groups are connected in series or parallel,
then multiple BMs are considered to be connected in series and paraliel.

in this particular embodiment 128 BMs are connected in series. In another embodiment large
batteries/capacitors can be horizontally and/or vertically arranged, using one or more mesh like
structures, without using multiple BMs. In such an embodiment the electrical connections to the
batteries/capacitors are embedded inside the mesh or laid above or below the mesh. In further
embodiment part of the wiring can be based on radio signals, especially the control signals. For this
disclosure each such mesh like structure is considered as one BM. In this disclosure, if multiple layers
of mesh like are structures are stacked, each layer is considered as one BM and vertical layers of
mesh are considered as vertically stacked BMs.

in this disclosure, the combination of batteries and capacitors is optional. The BM (200) can be
created just with batteries. The BM (200) can also be created just with capacitors. Figure 4 is an
itustration of a particular embodiment of a Charging circuit (300). in this circuit battery pack
controller (140}, is the master controller of all charging.

This invention creates a battery pack charger, which has two key components:

1. balanced charging circuit — it’s an electronic hardware circuit.
2. balanced charging algorithm —it’s an algorithm installed inside battery pack controller.

The balanced charging circuit has further four key sub-components:

1. Battery pack controller (140) which is a master controller and made up of hardware and
software. This balanced charging algorithm is installed in this controller;

2. AC/DC - DC converter (135) which converts AC/DC to DC;

3. and Energy charging split circuit {160}, which acts a slave to the battery pack controller(140);

4. battery/capacitor charge controller {240), which acts a slave to the battery pack
controlier{140)

Battery pack controlier algorithm (140) controls the Energy charging split circuit (160) which controls
the input to the AC/DC to DC converter (135). Energy charging split circuit {160) and AC/DC to BC
converter (135), together form the power board {130)(not shown). The power board in this
embodiment is installed inside the battery pack{100}. In another embodiment the power board can
be installed outside the battery pack (100}

The AC/DC to DC converter (135) is referred to as converter (135) in this disclosure. In this
embodiment, when a regenerative current is sensed regenerative supply is connected to the
converter (135). When an external AC or DC charger is manually connected to the vehicle, either DC
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charger (32) or AC charger {33) is connected to the converter. In another embodiment only AC
and/or DC street charger inputs are connected to the converter (135}, and regenerative power is
ignored which can be considered not worth storing.

In this embodiment the battery pack controller{140} is installed inside the battery pack, however in
another embodiment it can be installed cutside the battery pack {100},

in this embodiment AC/DC -DC converter {135} is an isolated AC (single phase and three phase} to
DC, and DC to DC buck converter. In another embodiment the converter {135} can be bi-directional
AC to DC to AC, as weill as DC to DC converter, an additional switch may also be connected {not
shown) which connects the converter’s output to external AC terminal {33) and input to the High
output of the battery pack.

As shown in figure 4, the AC/DC ~ DC converter {135) supplies the DC charging bus (132). In this
embodiment, the voltage of the charging bus {132} is at intermediate level e.g. 20v or 48v. it's a
stap-down from the input high voltage DC and input high voltage AC{single and three phase), and
higher than the maximum battery voltage of 4.2V or the capacitor voltage of 2.7v. In another
embodiment the voltage of the charging bus can be the same as the DC street charger (32) voltage.
In another embodiment the voltage of the charging bus voltage can be same as the max voltage of
the batteries e.g. 4.2V.

in figure 4, the voltage of DC street charger {32} can be anything from 60v to 1500v depending upon
the street charger. Battery pack output voltage of DC bus in this embodiment is 128%4.2v = max
537.6V. However in another embodiment of 1605256P configuration the Battery pack output voltage
of DC bus is 160*4.2v = 672V. Both of these configurations can be charged by a charger having any
voltage from 60v to 1500v. One of the innovation here is that any battery configuration can be
charged by this innovative battery pack charger using any input voltage.

High voltage in this disclosure is referred to charging and discharging voltage of 60v to 1500v.

As shown in the figure 4, in this embodiment each BM (200) has a Battery/capacitor charge
controllers (240}, which is acting as slaves to the battery pack controller {140}. In this embodiment,
as shown in figure 4, a Battery/capacitor charge controller (240) charges a group of the batteries as
well as a group of capacitors, within the BM {200}; which are electrically connected in parallel, with a
specific charging voltage and specific charging current, as per the instructions sent by battery pack
controller (140} over the communication line 1*C or SMbus or PMbus. However in another
embodiment, the group of batteries connected in parallel are divided into sub-groups and there
could be plurality of battery/capacitor charge controllers (240) within each BM, responsible to
charge each sub-group. in further embodiment, the group of batteries may have serial as well as
parallel connections, and there could be further sub-groups, with each sub-group having its own set
of batteries electrically connected in parallel and sub-groups are electricaily connected in series. In
another embodiment there could be one battery charge controller {240} for each battery and one
capacitor charge controller for each capacitor.

in this disclosure electronic connection means when two devices communicate with each other
through electronic {digitat or analogue) signals e.g. electronic connection between battery pack
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controller (140) and a sensor or electronic connection between battery pack controller(140) and
battery charge controller {240).

In this disclosure all the charging circuit, which includes SoC/voltage measurement devices, current
measurement devices, temperature measurement devices etc, responsible for the charging the
batteries and capacitors as per the instructions from the battery pack controlier is referred to as
battery/capacitor charge controller. Battery/capacitor charge controlier {240) can be built using
Integrated circuits or other electronic compenents. In this disclosure any electronic circuit doing the
function of charging battery/capacitor is referred to as battery/capacitor charge controller (240}

in this embodiment, the Battery/capacitor charge controllers (240) take the input power from the
Charging bus (132). As shown in figure 4, in this embodiment all Battery/capacitor charge controllers
{240) are electrically connected in parallel, to the charging bus (132). in another embodiment there
is no charging bus {132) and each battery/capacitor charge controller {(240) can be directly
connected to the AC/DC converter (135).

In this embodiment, each BM (200) has a group of 62 electrically parallel connected batteries and a
group of 2 electrically parallel connected capacitors, and each group of batteries and capacitors are
separately charged, by the Battery/capacitor charge controller (240)}. However in other embodiment
in each BM (200} there could be series as well parallel electrically connected batteries e.g. BM
configuration of 28256P, where there are 2 sets of 248 parallel connected batteries and 2 sets of 4
parallel connected capacitors, in such an embodiment of a BM, the Battery/capacitor charge
controllers (240} will charge two sets of 248 batteries separately with their own voltage and current,
and two sets of 4 capacitors separately.

In this embodiment, battery pack controller {140}, gets the measurements of voltage, SoC etc from
each battery and each capacitor supplied by the battery charge controller, and calculates the
‘halanced SoC’ and ‘halanced voltage’ for the said group of batteries and the said group of
capacitors. In another embodiment battery pack controller (140) can get voltage and SoC from a
sample of batteries and a sample of capacitors to calculate the balanced SoC and the balanced
voltage.

Balanced SoC is the SoC, calculated by the algorithm, such that all batteries in all the BMs within the
Battery pack (100} are charged to the same SaC. Optimum balanced SoC is the maximum balanced
SoC for all the BMs taking into account the SoH of the weakest BM in the series. Optimum balanced
SoC is less than 100% e.g. if the weakest BM in series has a remaining capacity of 95%, then 95% is
the Optimum balanced SoC for the whole battery pack..

Optimum balanced voltage for the capacitors however is based on the maximum current demands
as determined by the battery pack controlier. Pl note: In this embodiment voltage is assumed to be
proportional to the SoC levels of the capacitors. If however in another embodiment capacitors may
have voltage which is not proportional to the SoC levels, then SoC is used for capacitors as weil.
Maximum current demands are specific to the application of the battery pack e.g. stop/start bus has
high regenerative current storage demand and performance electric vehicle has high peak current
demand.
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In this disclosure, Balanced SoC and Balanced Voltage are the equalised charging for batteries and
capacitors respectively, at any point during the charging process. Optimum balanced SoC and
Optimum balanced voltage are the maximum equalised charging for batteries and capacitors
respectively.

As shown in the figure 4, Battery pack controlier {140) is connected to the cloud based operational
centre (43). The battery pack controller creates a log of history of usage of each battery/capacitor
and each BM. Using the history of usage e.g. history of charging, terminal voltages, senor data etc, in
this embodiment, operational centre (43) software calculates its SoH for each battery/capacitor and
each BM, these calculation are specific to the battery pack depending upon the ageing of the battery
pack. In this disclosure SoH refers to operational centre calculated SoH. Battery pack controlier
sends sensor and context data to the operational centre for it to calculate the SoH of the batteries.
in another embodiment SoH is calculated by the battery pack controller using its compute capacity.

Battery pack controlier then calculates in real time, charging voltage and charging current to be used
by each battery/capacitor charge controtler {240) based on the existing SoC of the
batteries/capacitors and the optimum balanced SoC and optimum batanced Voltage. Battery pack
controller then selectively instructs each Battery/capacitor charge controller {240) using its ID, to
charge the batteries/capacitors (220) with a specific charging voltage and specific charging current.

Battery pack controlier continues the step hy step process of calculating the Balanced SoC and
Balanced Voltage and charging the batteries and capacitors, until the optimum balanced SoC is
reached for the batteries and balanced voltage is reached for the capacitors, or there is no charging
current available.

As shown in figure 4, in this embodiment, all Battery/capacitor charge controllers (240) have the
same input voltage through the charging bus {132}, and these charge controllers (240) dynamically
change the output to charging voltage and charging current which is specific to the group/sub-group
of batteries or capacitors {220), as per the instructions from the battery pack controller (140},

While getting and while getting charged by the battery charge controller, ail the batteries (220} as
well as capacitors {220} which are electrically connected in paralle! within each group or subgroup,
are allowed to self balance, within their respective group/subgroups. Self balance means
batteries/capacitors connected in parallel pass current from higher charge battery/capacitor to
lower charged battery/capacitor until all the batteries or capacitors connected in parallel are
balanced charged or have the same voltage.

As shown in figure 4, one or more auxiliary batteries e.g. low voltage lead acid batteries or gel
batteries, are also charged by DC-DC converter or battery charge controller(240) connect to the
charging bus (132} as its input.

In this embodiment of electrical configuration of 128564P, 128 BMs are electrically connected in
series. As shown in figure 4, there is a separate charging for each BM{200). All BMs(200) are charged
simultaneously through separate battery/capacitor charge controllers{240}.

One of the key innovations here is instead of charging all the BMs connected in series through a high
voltage single power supply, this innovation selectively charges each group of batteries where all the
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batteries are electrically connected in parallel, with a separate power supply. Hence the battery pack
can be charged by any voltage (depending upon the range of the converter) as it is being converted
into the charging bus voltage, and the battery pack output voltage can be designed to match the
motor controller voltage. This decouples the DC charging voltage/current from the DC output
voltage/current. The DC street chargers that need to put in say 350KWhr power into vehicles have to
maximise on the voltage to say 1000v and minimise on the current to say 350amps, as higher
current means thicker charging cables. For the same power, electric motors (31) being powered by
the battery pack, conversely want higher current and lower voltage, as torque is proportional to the
current. Hence this innovation allows that the battery pack of 100KW can be charged by a 3KW
charger, 30KW charger, 100KW and even 350KW charger. This innovative battery pack charger is
agnostic to the battery pack output voltage.

Another innovation is, instead of overcharging some BMs and undercharging some BMs as would
have been case if we charge all the BMs connected in series, through a single high voltage power
supply; this innovation selectively charges each group of batteries/capacitors directly to the
‘Balanced SoC’ and ‘Balanced voltage’ without having to through the stop start balancing process.
This speeds up the charging process, as this innovation does not need to stop charging until an
overcharged BM has lost its charge. The overcharging is less common with this invention as all the
BMs are charged to a specific voltage using a specific current. However if an overcharge occurs in a
given group of batteries, this innovation will simply stop charging the said group of batteries/BM,
and continue with the others, until the said group of batteries/BM has self balanced or the said BM/s
has the same level of charging as other BMs. The battery pack controller software will continue to
take SoC readings of the said BM/s, and will only restart when the overcharge is rectified.

Another innovation is that the battery pack controller’s algorithm calculates the balanced SoC and
Balanced voltage, and charges all the groups of batteries connected in series to the maximum of
Optimum balanced SoC. The algorithm uses fearning from the previous charging, e.g. what was the
calculated balanced SoC and how much SoC was achieved using a specific charge voltage and charge
current. The charge current/charge voltage relationship with the SoC changes as the batteries age,
as weaker batteries charge quickly and also take in less charge than stronger batteries to reach the
same SoC levels. Thus unevenly aged batteries can be balanced and it maximises capacity utilisation.

Another innovation is the algorithm takes the SoH of the batteries into account to calculate
Optimum balanced SoC. This allows for uneven ageing of the batteries/capacitors, and at the same
time it maximises the capacity utilisation of all groups of batteries connected in series.

The algorithm gets informed by the operation centre about the SoH of the batteries and it keeps a
log of each battery’s health (SoH) levels which goes down as the batteries age. Thus when a failed
BM (200) is replaced in the battery pack, this log is updated with the SoH of the batteries of the new
BM, and the battery pack controller (140} knows that the new BM has higher capacity and it will
reset the Qptimum balanced SoC to the next weakest BM. This innovation saves having to discard
the entire battery pack if a single BM needs changing.

Further innovation here is that batteries connected in parallel within a group or subgroup, inside a
BM, are self balanced to speed up the charging process. In this embodiment the charging process is
actually balanced charging only 128 BMs, and while the 128 BMs are being balanced charged, the 62
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batteries within each BM are self balancing in tandem. There are 128*62 = 7936 batteries in all the
BMs; the battery controller’s algorithm is only actively balancing 128 sets of batteries. This also
speeds up the charging process.

Further innovation is that each BM stores all its share of regenerative energy in capacitors, as the
regenerative energy normally has large current and only available for few seconds, which may not
be enough time to store in the Batteries. The capacitors inside each BM maximise its storage of
regenerative energy and charge up to optimum balanced voltage. The optimum balanced voltage for
capacitors is calculated by the battery pack controller.

Further innovation is that the Energy charging split circuit (160) switches the inputs to DC-DC the
converter between, high voltage DC supply, AC supply and regenerative energy. As only one of the
inputs is used at any one time, this makes the most effective use of the DC-DC converter part of the
converter.

In this embodiment, batteries within the battery pack are from the same manufacturer; have the
same chemistry; have the same capacity, have the same voltage, and these batteries are balanced
charged at the time of the manufacture of the battery pack, and preferably the capacitors within
the battery pack are from the same manufacturer; have the same chemistry; have the same
capacity, have the same voltage, and these capacitors are balanced charged at the time of the
manufacture of the battery pack. In another embodiment, batteries can be from different
manufacturers, and capacitors can also be from different manufacturers. In another embodiment,
Batteries and capacitors can have different capacity which are connected in parallel, while keeping
the BMs connected in series having equal current capacity.

e Power unit for large electric vehicles e.g. trucks, SUVs, vans, trains
¢ Backup power unit for hospitals, data centres and industrial units
e Energy storage unit for solar panels
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1. The charging circuit of battery pack, is an apparatus, comprises:

a.

a battery pack controller, which acts as a master controller of all charging functions
of batteries, preferably and capacitors;

inside each battery module {BM}, one or more groups of batteries are electrically
connected in parallel, preferably and one or more groups of capacitors are also
electrically connected in parallel;

there is at least one battery/capacitor charge controiler inside each BM, which
charges batteries, preferably and capacitors, and acts as a slave to the battery pack
controller;

hattery pack controller’s balanced charging algorithm calculates the Balanced SoC
for said group of batteries; preferably and calculates Balanced voltage for said group
of capacitors;

battery pack controller selectively instructs each battery/capacitor charge controller
to charge the said groups of batteries, and preferably said groups of capacitors, with
a specific Charge voltage and Charge current; or preferably charge to Balanced So0C;
said group of batteries and preferably said group of capacitors, during and after
getting charged by the battery/capacitor charge controlier self balance in their
respective groups;

the battery charge controflers continue the charging process, until either all the BMs
have reached the optimum balanced SoC for batteries, preferably and optimum
balanced voltage for capacitors, or there is no supply of charging current.

2. The Balanced charging algorithm of claim 1 calculates the said Balanced SoC for batteries,
preferably and Balanced voltage for capacitors, based on:

a.

b.
c.

the existing SoC of the said groups of batteries, and preferably existing voltage of
said group of capacitors;

optimum balanced SoC for the said group of batteries;

and preferably optimum balanced Voltage for the said group of capacitors.

3. The Balanced charging algorithm claim of 1 calculates the balanced SoC to balance the said

groups of batteries, based on the algorithm as explained using an example:

a.

if there are 3 groups in series, first group has existing SoC of 30%, second group has
SoC of 29%, and the third has SoC of 31%;

assuming 1 amp hr of new current to each of the said group of batteries will bring up
the SoC of the said group of batteries group by 1%;

if the battery charger has 3 amp hr to distribute; it will allocate 1 amp hr to the first
group, 2 amp to the second group and zero to the third group; thus all the three
groups are balanced charged to 31% SoC, thus 31% will be the Balanced SoC;

if the charger had 4amp hr to distribute, it would have distributed 3 amps hr as
explaingd above and then distributed 0.333 amp hr equally to all the three groups;
thus group 1 would have got 1+0.333= 1.333 amp hr; group 2 would have got

NOCO Exhibit 2005
ADC v. NOCO
IPR2024-00671
Page 1896



4,

5.

6.

7.

11

2+0.333=2.333 amp hr and group 3 would have got 0.333 amp hr; thus all the three
groups are balanced charged to 31.33% SoC, thus 31.33% will be the Balanced So(;

e. if the charger had 1lamp hr to distribute, it would have given 1 amp to the group
which is most out of balance; thus group 1 would have got zero; group 2 would
have got 1amp hr and group 3 would have got zero; thus the three groups are
charged to 30%, 30%, 31%, thus the pack is still unbalanced, as there is not sufficient
supply of charge available to balance the battery pack;

f. Battery pack controller continues with the above steps until either all the said
groups have reached their optimum balanced SoC, or there is no supply of charging
current;

g. f any group of batteries has reached optimum balanced SoC earlier than others, the
battery pack controller skips its charging.

The Balanced charging algorithm of claim of 1 preferably calculates the balanced Volitage to
balance the said groups of capacitors, based on the algorithm as explained using an
example:

a. if there are 3 groups in series, first group has existing voltage of 3v, second group
has existing voltage of 2v, and the third has existing voltage of 3.5v;

b. assuming 1 amp hr of new current to each of the said group of capacitors will bring
up the voltage of the said group of capacitors group by 1v;

¢. if the battery charger has 2 amp hr to distribute; it will allocate 0.5 amp hr to the
first group, 1.5amp hr to the second group and zero to the third group; thus all the
three groups are balanced charged to 3.5v, thus 3.5v will be the ‘Balanced voltage’;

d. if the charger had 3amp hr to distribute, it would have distributed 2 amps hr as
explained above and then distributed 0.333 amp hr equally to all the three groups;
thus group 1 would have got 0.5+0.333=0.833amp hr; group 2 would have got
1.5+0.333=1.833amp hr and group 3 would have got 0.333amp hr; thus all the three
groups are balanced charged to 3.888v, thus 3.88v will be the ‘Balanced voltage’;

e. if the charger had lamp to distribute, it would have given 1 amp hr to the group
which is most out of balance; thus group 1 would have got zero; group 2 would
have got 1amp and group 3 would have got zero; thus the three groups are charged
to 3v, 3v, 3.5v, thus the pack is still unbalanced, as there is not sufficient supply of
charge available to balance the battery pack;

f. Battery pack controller continues with the above steps until either all the groups of
capacitors have reached their optimum balanced voltage, or there is no supply of
charging current;

g. if any group of capacitors has reached optimum balanced SoC earlier than others,
the battery pack controller skips its charging

The battery pack charging circuit of claim 1 also consists of decoupling of input AC/DC
voltage to the battery pack, from the battery pack’s output AC/DC voltage.

The balanced charging algorithm of claim 1 collects measurements of existing SoC of
batteries, and preferably existing voltage of capacitors, prior to the charge cycle and
preferably during the charge cycle.

The Balanced charging algorithm of claim 1 also calculates the said Charge voltage and
Charge current which is specific to each said group of batteries, preferably and capacitors,
based on:
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a. the existing SoC of the said groups of batteries, and preferably voltage for said
group of capacitors;

b. balanced SoC of the batteries, preferably and balanced voltage for capacitors;
learning from the previous charge cycles the relationship between charge
voltage/charge current and achieved SoC of batteries preferably and achieved
Voltage of capacitors.

The Balanced charging algorithm of claim 1 also calculates the said Optimum Balanced SoC
for all the said group of batteries or said BMs, based on:

a. SoH of the weakest of said groups of batteries, when the said groups are electrically
connected in series;

b. SoH of the weakest of said BMs, when the said BMs are electrically connected in
series.

The battery pack charging circuit of claim 1 also consists of alt the said groups of batteries
are equalised charged at balanced SoC and preferably all the said groups of capacitors are
equalised charged at balanced Voltage, at any time during the charging process.

The battery pack controller of claim 1 also acts as a master controller to the following slave
circuits:

a. energy charging split circuit;

b. battery charge controller.

The battery pack controller of claim 1 also communicates with battery charge controllers
using the C or SMBus or PMbus.

The battery/capacitor charging circuit of claim 1 also consists of an Energy charging split
circuit, that switches the input to the DC to DC converter between:

a. high voltage DC street charger;

b. ACcharger;

c. and preferably regenerative current e.g. from the electric motors of electric vehicle.
The battery pack controller of claim 1 controls the Energy charging split circuit such that,
batteries are charged through external high voltage DC charger or external AC charger, and
capacitors are charged by the regenerative current/energy recovery,

The battery/capacitor charging circuit of claim 1 preferably also consists of auxiliary low
voltage batteries {e.g. Lead acid batteries} electrically connected to the said charging bus
through Battery charge controllers or DC-DC converters.

The battery pack charging circuit of claim 1 also consists of an AC/DC to DC converter that
converts high voltage AC/DC input to interim level DC voltage output e.g. 12v or 24v or 48v;
and supplias the Charging bus.

The battery charging circuit of claim 1 also consists of the inputs of the said
Battery/capacitor charge controller/s are electrically connected to said charging bus.

The battery pack controller of claim 1 preferably also keeps a log of SoH for each battery and
preferably each capacitor; and preferably for each BM, and preferably updates the log if a
failed BM is replaced with a new BM.

The battery pack controller of claim 1 is also preferably electronically connected to an
operational centre that calculates the SoH of the batteries and BMs, and creates a algorithm
offline; algorithm that extends the BM’s life and improves the safety of the battery pack e.g.
updates of balanced charging algorithm etc, and SoH; and the algorithm is updated in
battery pack controller periodicatly.
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a.

19. The battery pack charging circuit of claim 1 also constitutes a replacement of a failed BM
with a new BM to extend the life of the battery pack without effecting the balanced charging
of other BMs.

20. A method of charging of a battery pack, comprising:

a. abattery pack controller, acting as a master controller of alf charging functions of
batteries, preferably and capacitors;

b. inside each BM, electrically connecting a group of hatteries in parallel, preferably
and electrically connecting a group of capacitors in parallel;

c. installing Battery/capacitor charge controllers inside each BM,
battery/capacitor charge controllers charging batteries, preferably and capacitors,
inside each BM as per the instructions from the battery pack controller;

e. battery pack controller collecting SoC of each battery and preferably voltage of each
capacitor prior to the charging and during the charging;

f. battery pack controller’s algorithm calculating the Balanced SoC for said groups of
batteries;

g. battery pack controller’s algorithm preferably also calculating the Balanced Voltaga
for said groups of capacitors

h. the said battery pack controfler selectively sending a message to each said group’s
Battery/capacitor charge controller to charge the said group of batteries, and
preferably said groups of capacitors, using a specific Charge voltage and a specific
Charge current, or preferably charge to a specific Balanced Soc;

i. after and during the charging, allowing said group of batteries and preferably said
group of capacitors, to self balance in their respective groups.

j.  the battery charge controliers continuing the step by step process of calculating
balanced SoC for batteries and preferably balanced Voltage for capacitors, and
charging the BMs, until either the BMs have reached the optimum balanced SoC for
batteries, preferably and optimum balanced voltage for capacitors; or there is no
supply of charging current.

21. The method of charging of battery pack of claim 20 also involves, in the event of one or
more battery/capacitor within the said groups of batteries/capacitors are overcharged, the
Battery/capacitor charge controllers responsible for charging the said group of
batteries/capacitors, stopping further charging until the overcharge is self balanced or
rectified, however continue charging the rest of the batteries or capacitors.

22. The method of charging of battery pack of claim 20 also involves sending a
message/instructingthe said battery/capacitor charge controllers using their ID regardless of
where it is located within the said battery pack.

23. The method of charging of battery pack of claim 20 also involves said battery pack controller
regularly receiving SoC from each battery, and preferably voltage from each capacitor, and
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calculating how much charge it would need to rebalance each and all the said groups in the
battery pack prior to beginning the charge process.

24. The method of charging of battery pack of claim 20 also involves in the event of a failure of a
battery/capacitor or plurality of batteries/capacitors, replacing the BM having one or more
failed batteries/ capacitors with a new BM, updating the log of the SoH of the failed BM with
the SoH of a new BM, without impacting the balancing of rest of said BMs in the battery
pack.

25. The method of charging of battery pack of claim 20 also involves battery pack controller's
algorithm controlling the battery charging split circuit such that capacitors are charged by
the regenerative current, and batteries are charged by the external street based AC/DC

chargers.

SN R o
RN
ANRTFRHANY

Multi layer faced/sided PCB — printed circuit board with multi layers

Auxiliary low voltage batteries — low voltage batteries e.g. 12v lead acid batteries used for starting
an ICE engine and vehicle electronics. Smartphone — personally held devices like phone or tablets
e.g. iPhone or Samsung

Vehicle control system — control system of the vehicle
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Amendments {o the claims have been made as follows:

1. The charging circuit of battery pack, is an apparatus, comprises:
a.

a battery pack controller, which acts as a master controller of all charging functions
of batteries/capacitors;

plurality of BMs are connected electrically in serial or groups of BMs are connected
electrically in series where within each said group plurality of BMs are electrically
connected in parallel, inside the battery pack;

inside each battery module {BM}, one or more groups of batteries/capacitors are
electrically connected in parallel;

there is at least one battery/capacitor charge controller inside each BM, which
charges batteries/capacitors, and acts as a slave to the battery pack controller;
battery pack controller’s balanced charging algorithm, calculates the Balanced
SoC/voltage for said group of batteries/capacitors;

battery pack controller then selectively instructs each battery/capacitor charge
controller to use a Charge voltage and Charge current, which is specific to each said
BM or each said group of batteries/capacitors, until the Balanced SoC for batteries/
capacitors is achieved;

said group of batteries/ capacitors, during and after getting charged by the
battery/capacitor charge controller self balance in their respective groups;

the battery charge controllers continue the above steps {e, f and g), until either all
the BMs have reached the optimum balanced SoC/voltage for batteries/ capacitors,
or there is no supply of charging current.

2. The Balanced charging algorithm of claim 1 calculates the Balanced SoC and Balanced

Voltage to balance charge the entire battery pack, using the following algorithm:

a.

gather the history of charge current vs the increase in SoC for each group of
batteries/ capacitors;

gather the existing SoC/voltage of the said groups of batteries/capacitors;
allocate the input current to all the groups of batteries/capacitors such that all the
available current is given to the group of batteries/capacitors with the least
SoC/voltage;

continue with the above step C until the said group of batteries/capacitors in all the
BMs in the series circuit have equal SoC/voltage levels;

any remaining charge is equally divided in all the group of batteries and separately
to all the group of capacitors;

continue the above four steps (b, ¢, d and e) until there is no current supply or

optimum balanced SoC/voltage is reached for the said group of batteries/capacitors.

3. The battery pack controller of claim 1 stops charging the said group of batteries/capacitors

or BMs in the event of an overcharge in these groups of batteries/capacitors or BMs, and

continue charging the other groups of batteries/capacitors or BMs, and restart when the
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said group of batteries or BMs have the same level of charging as other group of batteries or
BMs .
The battery/capacitor charge controller of claim 1 consists of voltage/SoC measurement
devices which send the data to the battery pack controller.
The battery pack charging circuit of claim 1 also consists of independent and selective
charging of each battery module, and each group of batteries/capacitors connected in
parallel with in each BM.
The balanced charging algorithm of claim 1 collects measurements of existing SoC/Voltage of
batteries/capacitors, prior to the charge cycle and preferably during the charge cycle.
The Balanced charging algorithm of claim 1 also calculates the said Charge voltage and
Charge current which is specific to each said group of batteries/capacitors, based on:
a. the existing SoC/Voltage of the said groups of batteries/capacitors;
b. balanced SoC/Voltage of the batteries/capacitors;
c. learning from the previous charge cycles the relationship between charge
voltage/charge current and achieved SoC/Voltage of batteries/capacitors.
The Balanced charging algorithm of claim 1 also calculates the said Optimum Balanced SoC
for all the said group of batteries or said BMs, based on:
a. SoH of the weakest of said groups of batteries, when the said groups are electrically
connected in series;
b. ScH of the weakest of said BMs, when the said BMs are electrically connected in
series.
The battery pack charging circuit of claim 1 also consists of all the said groups of
batteries/capacitors are equalised charged at balanced SoC/voltage relative to other group
of batteries/capacitors, at any time during the charging process.
The battery pack controller of claim 1 also acts as a master controller to the following slave
circuits:
a. energy charging split circuit;
b. battery charge controller.
The battery pack controller of claim 1 also communicates with battery charge controllers
using the °C or SMBus or PMbus.
The battery pack charging circuit of claim 1 also consists of an Energy charging split circuit,
that switches the input to the DC to DC converter between:
a. high voltage DC street charger;
b. AC charger;
¢. and preferably regenerative current.
The battery pack controller of claim 1 controls the Energy charging split circuit of claim 12
such that, external high voltage DC or external AC charge the batteries/capacitors, and
preferably the regenerative current/energy recovery charge the capacitors.
The battery pack charging circuit of claim 1 preferably also consists of auxiliary low voltage
batteries electrically connected to the said charging bus through Battery charge controllers
or DC-DC converters.
The battery pack charging circuit of claim 1 also consists of an AC/DC to DC converter that
converts high voltage AC/DC input to interim level DC voltage output; and supplies the
Charging bus.
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16. The battery pack charging circuit of claim 1 also consists of the inputs of the said
Battery/capacitor charge controller/s are electrically connected to said charging bus.

17. The battery pack controller of claim 1 preferably also keeps a log of SoH for each battery/
capacitor; and preferably for each BM, and preferably updates the SoH log of a failed BM
with the SoH of the new BM, if a failed BM is replaced with a new BM.

18. The battery pack controller of claim 1 is also preferably electronically connected to an
operational centre that calculates the SoH of the batteries and BMs, and creates the said
balanced charging algorithm offling; the algorithm that extends the BM’s life and improves
the safety of the battery pack, and periodically performs updates of balanced charging
algorithm and SoH etc.

19. The charging circuit of battery pack of claim 1 decouples the charging voltage from the
battery pack’s output voltage comprises, input voltage and current of the AC/DC to DC
converters used to charge the battery pack are matched with the voltage and current of
street chargers; and independently number of BMs/groups of batteries that are connected
in series and parallel are matched with the voltage and current requirements of different

vehicle’s electric motors.

20. A method of charging of a battery pack, comprising:

a. abattery pack controller, acting as a master controller of all charging functions of
batteries/ capacitors;
inside each BM, electrically connecting a group of batteries/capacitors in paraliel;

i

c. installing Battery/capacitor charge controllers inside each BM,

d. battery/capacitor charge controllers charging batteries/capacitors, inside each BM
as per the instructions from the battery pack controller;

e. battery pack controller collecting SoC/Voltage of each battery/capacitor prior to the
charging and preferably during the charging;

f. battery pack controller’s algorithm calculating the Balanced SoC/Voltage for said
groups of batteries/capacitors;

g. the said battery pack controller selectively sending a message to each said group’s
Battery/capacitor charge controller, using a specific Charge voltage and a specific
Charge current, to charge the said group of batteries/capacitors until a Balanced SoC
or Balanced Voltage is achieved;

h. after and during the charging, altowing said group of batteries/capacitors, to self
balance in their respective groups.

i. the battery charge controllers continuing the above steps {f,g and h), until either the
BMs have reached the optimum balanced SoC/Voltage for batteries/capacitors; or
there is no supply of charging current.

21. The method of charging of battery pack of claim 20 also involves, in the event of one or
more battery/capacitor within the said groups of batteries/capacitors are overcharged, the
Battery/capacitor charge controllers responsible for charging the said group of
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batteries/capacitors, stopping further charging until the overcharge is self balanced or
rectified, however continue charging the rest of the groups of batteries/capacitors.

22. The method of charging of battery pack of claim 20 also involves sending a
message/instructing the said battery/capacitor charge controllers using their ID regardless of
where it is located within the said battery pack.

23. The method of charging of battery pack of claim 20 also involves said battery pack controller
regularly receiving SoC/Voltage from each battery/capacitor, and calculating how much
charge it would need to rebalance each and all the said groups in the battery pack prior to
beginning the charge process.

24. The method of charging of battery pack of claim 20 also involves in the event of a failure of a
battery/capacitor or plurality of batteries/capacitors, replacing the BM having one or more
failed batteries/capacitors with a new BM, updating the log of the SoH of the failed BM with
the SoH of a new BM, without impacting the balancing of rest of said BMs in the battery
pack.

25. The method of charging of battery pack of claim 20 also involves decoupling the charging
voltage/current of the battery pack from the battery pack’s output voltage/current, and
matching the input voltage and current of the AC/DC to DC converters of the battery pack to
standard chargers; and independently matching the battery packs output voltage and output
current with the voltage and current of the motor controller/electric motors of different
vehicles.

SN %
WIOSSANY

Multi layer faced/sided PCB — printed circuit board with multi layers

Auxiliary low voltage batteries — low voltage batteries e.g. 12v lead acid batteries used for starting
an ICE engine and vehicle electronics.

Smartphone — personally held devices like phone or tablets e.g. iPhone or Samsung

Vehicle control system — control system of the vehicle
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