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Abstract
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CAT378835 BATTERY PACK

Espacenet — search results

The design consists of the features of shape, ernament, pattern and configuration of the BATTERY PACK shown in the attached
drawings whereim:FiG. 1 is a right side view of a batlery pack accerding to the new design . FIG. 2 is a lefi side view of the baltery
pack shown in FIG. 1.FIG. 3 is a front view of the batlery pack shown in FIG. 1.FIG. 4 is a rear view of the ballery pack shown in
FiG. 1.FiG. § is a fop view of the battery pack shown in FIG. 1.FIG. § is a bottom view of the batiery pack shown in FIG. 1.FIG. 7
is a perspective view of the batlery pack shown in FiG. 1.In the above drawings, the pertions shown in stippled lines do not form

part of the design.
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Heavy current protective device for automobile emergency starting power supply
Absiract

The utility model provides a heavy current protactive device for an automobile emergency starting power supply. The heavy
current protective davice comprises an MGU one-chip microcomputar unit, a tima switch connacted {o the MCU one-chip
microcomputer unit and an on-off switch controlied by the lirne switch. One end of the on-off switch is connected with an external
battery, the other end of the on-off swilch is connected with an automobile storage baltery, and a timer is arranged in the MCU
one-chip microcomputer. After the set time interval, the MCU one-chip microcomputer automatically outputs a control signal to
the time switch, and the on-off switch breaks the connection betwesen the external hattery and the automobile storage hattery.
When ignition is completed, the proteciive davice is automatically closed, if igniling motions do not axist, the protective device
automatically breaks the connection between the external battery and the automobile storage batiery afler one-minute time-
delay, and damages of the external hattery and the automobile storage hattery caused by mutual charging for a long time are
avoided.
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PROTECTION METHODS, PROTECTION CIRCUITS AND PROTECTIVE

DEVICES FOR SECONDARY BATTERIES, A POWER TOOL, CHARGER

AND BATTERY PACK ADAPTED TO PROVIDE PROTECTION AGAINST
FAULT CONDITIONS IN THE BATTERY PACK

CROSS-REFERENCE TO RELATED APPLICATIONS

[0001] This application claims domestic priority under 35 U.S.C. §120 to the
following related U.S. Provisional patent applications filed in the United States
Patent & Trademark Office: U.S. Provisional Application Serial No.
60/510,128, filed October 14, 2003, and U.S. Provisional Application Serial
No. 60/551,803, filed March 11, 2004. The entire contents of the disclosures
for each of these provisional applications are incorporated herein by

reference.

BACKGROUND OF THE INVENTION
Field of the Invention

[0002] The present invention relates to protection methods, protection
circuits and protective devices for rechargeable batteries, to a power tool and
charger adapted to provide protection for cells of an attached battery pack,
and to a battery pack including protection control therein, each protecting the
battery back against various potential fault conditions.

Description of Related Art

[0003] Over the past few years, lithium-ion (Li-ion) batteries have begun

replacing nickel-cadmium (NiCd), nickel-metal-hydride (NiMH), and lead-acid
batteries in low-voltage, portable electronic devices such as notebook-type
personal computers. As compared to NiCd and NiMH batteries, Li-ion
batteries are lighter but have a larger capacity per unit volume. For this
reason, the Li-ion batteries have been typically suitable to low-voltage devices
that are preferably light and which are required to endure continuous use for a
long time. In an over-discharged state, however, the Li-ion batteries
deteriorate rapidly, thus Li-ion batteries require over-discharge protection.

;
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[0004] A battery pack used in a portable electronic device typically has a
plurality of battery cells connected in series. The maximum number of battery
cells connected in series in one battery pack is determined by the output
voltage of the battery pack. For instance, the typical output voltage of one
NiCd battery cell or one NiMH battery cell is 1.2 V. Assuming that an 18V
output voltage from a battery pack is suitable for most general purpose
electronic devices, the maximum number of NiCd or NiMH battery cells
connected in series in the battery pack is 15. On the other hand, the typical
output voltage of one Li-ion battery cell is approximately 3.6 V. Accordingly,
the maximum number of Li-ion battery cells connected in series in one
fictional 18V Li-ion battery pack would be 5.

[0005] Unlike a NiCd battery pack and a NiMH battery pack, the Li-ion
battery pack may include functionality to protect against fault conditions inside
and outside the Li-ion battery pack. This prevents cells in the Li-ion battery
pack from deteriorating and shortening useful life of the pack. For instance, if
a fault condition such as short-circuiting occurs inside or outside the Li-ion
battery, a fuse may be provided to cut off an over-discharging current or an
overcharging current, if the discharging current or charging current becomes
larger than a given current level.

[0006] Currently, protection circuits in battery packs such as Li-ion battery
packs are designed primarily for low-voltage portable electronic devices such
as notebook-type personal computers, cellular phones, etc., which require
voltage generally on the order of 2 to 4 volts. Such devices are characterized
by using battery packs composed of cells (such as Li-ion, NiCd, NiMH cells)
that provide a maximum output voltage of about 4.2 volts/cell. For Li-ion
battery cells, care must be taken to prevent damage from electrical and
mechanical stresses, since lithium is a highly reactive substance.

[0007] Conventional protection circuits for these low-voltage battery packs
may monitor cell voltages to prevent a given cell from over-charging or over-
discharging, and may monitor current to keep current from rising too high.
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Other protection circuits may have one or more temperature inputs to disable
current during charge or discharge until the battery pack cools down. Still
other protection circuits may be designed to help maintain the balance of
charge on the cells, commonly known as equalization circuits. A typical
protection circuit may be connected to a given battery cell or group of cells in
the battery pack to avoid these situations. For example, a conventional
protection circuit may typically include a pair of MOSFET’s or other
semiconductors that can stop current flow in either direction.
[0008]However, much higher voltages than described above are required for
higher-power electronic devices such as cordless power tools. Accordingly,
higher-power battery packs may be in the process of being developed for
cordless power tools. Such “high-power” battery packs may provide higher
voltage outputs than conventional NiCd and NiMH battery packs (and
substantially higher power than conventional Li-ion packs used for PCs and
cell phones), and at a much reduced weight (as compared to conventional
NiCd or NiMH battery packs used as power sources in conventional cordless
power tools). A characteristic of these battery packs is that the battery packs
may exhibit substantially lower impedance characteristics than conventional
NiCd, NiMH and/or even the lower power Li-ion packs.

[0009] Further, as these battery technologies advance, the introduction of
lower impedance chemistries and construction styles to develop secondary
batteries generating substantially higher output voltages (of at least 18 V and
up, for example) may possibly create several additional protection issues.
Battery packs having lower impedance also means that the pack can supply
substantially higher current to an attached electronic component, such as a
power tool. As current through a motor of the attached power tool increases,
demagnetization forces (e.g., the number of armature turns of the motor times
the current, ampere-turns) could substantially increase beyond a desired or
design limit in the motor. Such undesirable demagnetization could thus

potentially burn up the motor.
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[0010] For example, a lower impedance electrical source could cause
damage to a tool’s motor when the tool is held at stall condition. During motor
stall, the motor and battery impedances are the only mechanisms to limit the
current since there is no back-EMF created by the motor. With a lower
impedance pack, the currents would be higher. Higher currents through the
motor will increase the likelihood of de-magnetization of the permanent
magnets within the tool’'s motor.

[0011] Additionally, start-up of the tool could produce excessive starting
currents and cause demagnetization of the motor. Thermal overload could
also be a result of using a low impedance electrical source in an existing
power tool, as the new batteries may be designed to run longer and harder
than what the original cordless tool system was designed.

[0012] Accordingly, different protection controls may need to be in place to
address potential fault conditions that could occur in high power battery packs
that are adapted for use with both existing cordless power tools, and
developing lines of power tools that are manufactured for use with these
higher power battery packs. In particular, protection controls need to be
developed to handle fault conditions such as over-charge, over-discharge,
over-current, over-temperature and cell imbalance which could occur in one or
more cells of a battery pack (such as a Li-ion or NiCd pack), so as to prevent
internal or external damage to the pack, an attached device such as a charger
or tool or to a user in the vicinity of a pack connected to a charger or tool.

SUMMARY OF THE INVENTION
[0013] In a cordless power tool system including a battery pack, exemplary
embodiments of the present invention are directed to protection methods,
protection arrangements and/or devices designed to protect against fault
conditions in the battery pack operatively attached to the power tool or
charger, so as to prevent internal or external damage to the battery pack or
attached tool or charger. The exemplary methods, circuits and devices
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address fault conditions in the battery pack such as over-charge, over-

discharge, over-current, over-temperature, etc.

BRIEF DESCRIPTION OF THE DRAWINGS
[0014] The exemplary embodiments of the present invention will become
more fully understood from the detailed description given herein below and
the accompanying drawings, wherein like elements are represented by like
reference numerals, which are given by way of illustration only and thus are
not limitative of the exemplary embodiments of the present invention.
[0015] FIG. 1 illustrates a partial block diagram of a protection circuit
arrangement in accordance with an exemplary embodiment of the present
invention.
[0016] FIG. 2 illustrates a partial block diagram of a protection circuit
arrangement in accordance with another exemplary embodiment of the
present invention.
[0017] FIG. 3A is a block diagram illustrating components and connections
between an exemplary battery pack and an exemplary battery charger in
accordance with an exemplary embodiment of the present invention.
[0018] FIG. 3B is a block diagram illustrating components and connections
between an exemplary battery pack and an exemplary power tool in
accordance with an exemplary embodiment of the present invention.
[0019] FIG. 4 is a partial block diagram of connections between a battery
pack and charger to illustrate over-charge protection in accordance with an
exemplary embodiment of the present invention.
[0020] FIG. 5 is a partial block diagram of connections between a battery
pack and charger to illustrate over-charge protection in accordance with
another exemplary embodiment of the present invention.
[0021] FIG. 6 is a graph of voltage versus time to illustrate an automatic
shutdown for over-discharge protection invoked by a protection circuit in

accordance with an exemplary embodiment of the present invention.
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[0022] FIG. 7 is a graph of voltage versus time to illustrate a modified
threshold for over-discharge protection in accordance with an exemplary
embodiment of the present invention.

[0023] FIGS. 8A and 8B illustrate exemplary devices used for over-current
protection in accordance with an exemplary embodiment of the present
invention.

[0024] FIG. 9 illustrates a device providing over-temperature protection in
accordance with the exemplary embodiments of the present invention.
[0025] FIG. 10 illustrates a connection arrangement for a thermistor in
accordance with an exemplary embodiment of the present invention.

[0026] FIG. 11 is a flow diagram illustrating a method of alerting an operator
of a power tool of an impending fault condition in the battery pack.

[0027] FIG. 12 is a block diagram illustrating an exemplary arrangement for
determining SOC and varying motor current switching frequency in
accordance with an exemplary embodiment of the present invention.

[0028] FIG. 13A is an isometric view of a single laminate battery cell.
[0029] FIGS. 13B and 13C illustrate a device for protecting against an
overcharge condition in accordance with an exemplary embodiment of the
present invention.

[0030] FIGS. 14A and 14B illustrate a device for protecting against an
overcharge condition in accordance with another exemplary embodiment of
the present invention.

[0031] FIGS. 15A and 15B illustrate a device for protecting against an
overcharge condition in accordance with another exemplary embodiment of
the present invention.

[0032] FIGS. 16A and 16B illustrate a device for protecting against an
overcharge condition in accordance with another exemplary embodiment of

the present invention.
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[0033]FIGS. 17-19 illustrate exemplary cordless power tools of a cordless
power tool system in accordance with an exemplary embodiment of the

present invention.

DETAILED DESCRIPTION OF THE EXEMPLARY EMBODIMENTS
[0034] W.ith general reference to the drawings, a system of cordless power
tools constructed in accordance with the teachings of exemplary
embodiments of the present invention is illustrated. Exemplary cordless power
tools of the system are shown to include, by way of examples, a circular
power saw 10 (FIG. 17), a reciprocating saw 20 (FIG. 18) and a drill 30 (FIG.
19). The tools 10, 20 and 30 each may include a conventional DC motor (not
shown) adapted to be powered by a power source having a given nominal
voltage rating. In the exemplary embodiments, the tools 10, 20 and 30 may be
driven by a removable power source having a nominal voltage rating of at
least 18 volts. It will become evident to those skilled that the present invention
is not limited to the particular types of tools shown in the drawings nor to
specific voltages. In this regard, the teachings of the present invention may be
applicable to virtually any type of cordless power tool and any supply voltage.
[0035] With continued reference to the drawings, the removable power
source which may be embodied as a battery pack 40. In the exemplary
embodiments illustrated, the battery pack may be a rechargeable battery pack
40. Battery pack 40 may include a plurality of battery cells connected in
series, and/or a plurality of serially-connected strings of cells, in which the
strings are in parallel with one another. For purposes of describing the
exemplary embodiments of the present invention, battery pack 40 may be
composed of cells having a lithium-ion cell chemistry. As the exemplary
embodiments are directed to the cordless power tool environment, which
requires power sources having much higher voltage ratings than conventional

low voltage devices using Li-ion battery technology, (such as laptop
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computers and cellular phones) the nominal voltage rating of the battery pack
40 may be at least 18V.

[0036] However, pack 40 may be composed of cells of another lithium-based
chemistry, such as lithium metal or lithium polymer, or other chemistry such
as nickel cadmium (NiCd), nickel metal hydride (NiMH) and lead-acid, for
example, in terms of the chemistry makeup of individual cells, electrodes and
electrolyte of the pack 40.

[0037] FIG. 1 illustrates a partial block diagram of a protection circuit
arrangement in accordance with an exemplary embodiment of the present
invention. FIG. 1 illustrates a portion of a battery circuit and in particular
illustrates an individual protection device 102 for each cell 105 of a battery
pack such as battery pack 40 in FIGS. 17-19. In FIG. 1, each protection
device 102 may be adapted to perform a current limiting function. In an
example, the protection devices 102 may be embodied as thermistor devices,
where a thermistor device is part of or contained inside the cell.

[0038] A thermistor is a term used to describe a range of electronic
components whose principle characteristic is that their electrical resistance
changes in response to changes in their temperature, a ‘thermally sensitive
resistor’. Thermistors may be further classified as 'Positive Temperature
Coefficient’ devices (PTC devices) or 'Negative Temperature Coefficient’
devices (NTC devices). PTC devices are devices whose resistance increases
as their temperature increases. NTC devices are devices whose resistance
decreases as their temperature increases. NTC thermistors are typically
manufactured from proprietary formulations of ceramic materials based on
transition metal oxides.

[0039] In FIG. 1, the protection devices 102 may be embodied as PTC
devices, which may protect the string of cells from thermal overload. If any
cell becomes hot, the PTC device within that cell increases in resistance to
limit the current through the entire string. This method of protection of battery
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cells may have a drawback in that it requires many devices (PTC’s in this
example) performing a current limiting function as protection device 102.
[0040] FIG. 2 illustrates a partial block diagram of a protection circuit
arrangement in accordance with another exemplary embodiment of the
present invention. An alternative approach to using multiple protection devices
102 is to include a dedicated protection circuit 210 for each cell that senses
one or more battery pack parameter in a pack such as battery pack 40, for
example. These parameters include, but are not limited to current,
temperature, voltage and impedance through the pack. A protection circuit
210 may be operatively connected to a corresponding driver circuit 220. The
level-shifting circuits 220 may be connected to a plurality of AND gates
(shown by box 230) to link the protection circuit(s) 210 to a master device 240
which performs a current limiting or current interrupting function. If any
protection circuit detects a problem it can change from an output high to an
output low state. The AND gates ensure that all protection circuit outputs are
high (OK) to turn masterdevice 240 on. Additionally, it is envisioned that the
reverse logic could be used with the protection devices output to be normally
low and using NOR gates instead. The master device 240 may be embodied
as semiconductor device such as a metal-oxide semiconductor field effect
transistor (MOSFET), as shown in FIG. 2. Accordingly, if a battery pack has
multiple cells 105 in series, then an exemplary configuration envisions a set of
protection circuits 210 (apportioned one per cell) connected to and controlling
a master device 240 that enables/disables current flow, such as a MOSFET.
[0041] As discussed above, using multiple, dedicated protection circuits 210
may require a corresponding level-shifting circuit 220 that drops the voltage
changes from the highest potential cells down to normal levels to switch the
master semiconductor device 240, as shown in FIG. 2 for example. If
monitoring each cell is excessive, then groups of cells or the entire battery
pack may be monitored with a single protection circuit 210 and a single

master device 240 for limiting or interrupting current.
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[0042] FIG. 3A is a block diagram illustrating components and connections
between an exemplary battery pack and an exemplary battery charger in
accordance with an exemplary embodiment of the present invention. FIG. 3A
is merely an exemplary circuit configuration and is provided as a context for
more clearly describing the various protection methods, circuits and devices in
accordance with the exemplary embodiments.

[0043] Referring to FIG. 3A, battery pack 100 may include a plurality of
battery cells 105 connected in series (six shown for simplicity, pack 100 could
include more or less than six cells or may be composed of serial strings of
cells with the serial strings in parallel with each other). For purposes of
describing the exemplary embodiments of battery pack 100 may be
composed of cells having a lithium-ion cell chemistry. As the exemplary
embodiments are directed to the cordless power tool environment, which
requires much higher voltage ratings than conventional devices using Li-ion
battery technology, the nominal voltage rating of the battery pack 100 may be
at least 18V.

[0044] Thus, battery pack 100 in FIG. 3A (and in FIG. 3B) may be applicable
to and/or designed for cordless power tool systems comprising at least a
cordless power tool, the battery pack and a charger. Pack 100 may be
understood as a removable power source for high-power, power tool
operations. In an example, battery pack 100 may have a nominal voltage
rating of at least 18 volts and/or have a maximum power output of at least
about 385 Watts. However, it should be evident to those skilled in the art that
the present invention is not necessarily limited to the particular types of tools
shown in FIGS. 17-19 nor to specific voltage ratings and/or power output
specifications described above.

[0045] Pack 100 may further be composed of cells of another lithium-based
chemistry, such as lithium metal or lithium polymer, or other chemistry such
as nickel cadmium (NiCd), nickel metal hydride (NiMH) and lead-acid, for
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example, in terms of the chemistry makeup of individual cells, electrodes and
electrolyte of the pack 100.

[0046] In FIG. 3A, seven terminal (terminals 1-7) are shown. However, the
exemplary embodiments should not be limited to this terminal configuration,
as more or less terminals could be included depending on the desired
information passed between, or parameters monitored by, the pack 100 or
charger 150.

[0047] The pack 100 may also include a Pack ID 110 connected to an output
terminal (terminal 1) for identification of the pack 100 when inserted into a
charger 150. The Pack ID 110 may include the model number, version, cell
configuration and the battery type (chemistry), such as lithium-ion, NiCd or
NiMH, for example. The Pack ID 110 may be embodied as one or more
communication codes received from output terminal 1 of the battery pack 100
by an asynchronous full duplex communication system in the pack 100, such
as is described in U.S. Patent No. 5,680,027 to Hiratsuka et al. However, this
is only one example, as the pack ID 110 may also be embodied by an ID
resistor, LED display that displays identification data of the pack, serial data
sent upon engagement and sensed by the tool/charger via terminal 2 for
example, and/or a field in an frame of data sent over an air interface to the
tool/charger, etc.

[0048] The pack 100 may further include one or more temperature sensors
120. Temperature sensor 120 may be embodied as NTC or PTC thermistors,
Temperature sensing Integrated Circuits, or thermocouples. The temperature
sensor 120 may communicate the temperature inside the battery pack 100 to
intelligence in the battery pack 100 and/or to intelligence in a connected
charger 150, for example, via terminal 3. As the function of such temperature
sensors are known, a detailed explanation of functional operation is omitted
for purposes of brevity. Power connections for charging and discharging are

represented as terminals 1 and 7.
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[0049] A battery electronic control unit 125 may be responsible for the
protection of the cells 105 for any fault condition exposed on the terminals by
the user (via charger 150, an attached tool, and/or due to user tampering).
The battery electronic control unit 125 may be embodied in hardware or
software as a digital microcontroller, a microprocessor or an analog circuit, a
digital signal processor or by one or more digital ICs such as application
specific integrated circuits (ASICs), for example.

[0050] The discharge current and charge current can be clamped or
discontinued by the use of semiconductor devices 130a (discharge FET) and
130b (charge FET), under the control of battery electronic control unit 125.
The battery electronic control unit 125 may be powered by an internal power
supply 135 as shown, and the semiconductor devices 130a and 130b may be
linked through a driver circuit 140.

[0051] Battery pack 100 may further include a current sensor 145 which
senses current and provides a signal to battery electronic control unit 125.
Current sensor 145 may be embodied as known components for current
sensors, such as a shunt resistor, current transformer, etc. which may provide
a signal representing sensed current in pack 100 to battery electronic control
unit 125. Semiconductor devices 130a may include a pull down resistor 147
which acts to bypass the semiconductor device 130a when device 130a is off
and the pack 100 is dormant.

[0052] Pack 100 may also include a voltage monitor circuit 115. Voltage
monitor circuit 115 may be embodied by any known voltage monitor circuit, for
example, and may be configured to sense individual cell voltage and/or sense
total pack voltage of the string of cells 105 (‘stack voltage’) to provide a signal
representing the individual cell or stack voltage to battery electronic control
unit 125. As a variant, and instead of a single voltage monitor circuit 115
configured to sense both individual cell and total stack voltage, pack 100
could include a voltage monitor circuit as shown in FIG. 3A, comprising a first
plurality of voltage monitor circuits (shown generally as 115A) for sensing
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individual cell voltage and a second voltage monitor circuit 115B for sensing
total stack voltage of the cells 110, for example.

[0053] Referring back to FIG. 2, for example, protection circuit 210 may
include at least battery electronic control unit 125, current sensor 145, a
voltage monitor circuit 115 and temperature sensor 120, and optionally may
further include pack ID 110 and an internal power supply such as power
supply 135. Driver circuit 140 may be analogous to driver circuit 220 in FIG. 2
and semiconductor devices 130a and 130b may singly or together represent a
master device 240 having a current limiting/interrupting functionality under the
control of the protection circuit 210.

[0054] Referring to FIG. 3A, during discharge, the battery electronic control
unit 125 may output pulse width modulation (PWM) control signals to drive the
driver circuit 140. For example, a pulsing semiconductor (pulse width
modulator (PWM)) is commonly used in the electronics industry to create an
average voltage that is proportional to the duty cycle. PWM is modulation in
which the duration of pulses is varied in accordance with some characteristic
of the modulating signal. Alternatively pulse frequency modulation could be
used to create this average voltage. In either case, the semiconductor
devices 130a and 130b (which may be embodied as a discharge FET and
charge FET respectively) may be switched between ON and OFF states to
create an average voltage that is proportional to the duty cycle at which it is
switched.

[0055] During discharge, the driver circuit 140 level shifts the PWM output of
battery electronic control unit 125 to drive the gate of semiconductor device
130a, cycling the semiconductor devices 130a on and off depending on
sensed conditions. Since the semiconductor device 130b is reverse-biased,
the device 130b passes current with only a diode drop in voltage. If the
current were at 20 Amps and device 130b had a forward voltage of 0.6 Volts
the power loss would be only 12 watts. If lower losses are desired, the battery

electronic circuit 125 may output a state to the driver circuit 140 which
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commands the semiconductor device 130b to remain on during the PWM
action on semiconductor device 130a. Now, the power lost into device 130b
would be its on resistance time the current squared (I°Ron). Today’s
MOSFETSs typically have an on-resistance (Ron) of 10 milliohms, so at 20
Amps the power loss would only be 4 watts. The result is a controlled
discharge and lower losses through the semiconductor device.

[0056] During charge, the reverse logic can be applied. Semiconductor
device 130a is reversed-biased with respect to current flow and even though it
conducts in the OFF state, device 130a should remain ON for the least
amount of losses. Semiconductor device 130b may control the charge current
based on information from the battery electronic control 125 going through the
driver circuit 140. The component arrangement that comprises driver circuit
140 is known in the art and is not described herein for reasons of brevity.
[0057] When battery pack 100 is connected to charger 150, a charger
electronic control unit 155 in the charger 150 may be powered from the
battery’s internal power supply 135 through terminals 1 and 6. This is only an
exemplary connection scheme, as other means for powering the charger
electronic control unit 155 can be employed. The charger 150 could have its
own supply or derive it directly from the battery voltage. The charger
electronic control unit 155 may also be embodied in hardware or software as
a digital microcontroller, microprocessor, analog circuit, digital signal
processor, or by one or more digital ICs such as application specific
integrated circuits (ASICs), for example. Battery and charger data and control
information may be exchanged through serial data paths on terminals 4 and 5.
The charger electronic control unit 155 may drive a power controller 160 with
a set voltage and a set current to deliver the desired voltage and current from
a power source 165 to the battery pack 100 via terminals 1 and 7.

[0058] FIG. 3B is a block diagram illustrating components and connections
between an exemplary battery pack and an exemplary power tool in
accordance with an exemplary embodiment of the present invention. FIG. 3B
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is merely an exemplary circuit configuration and is provided as a context for
more clearly describing the various protection methods, circuits and devices in
accordance with the exemplary embodiments. The battery pack and tool
configuration of FIG. 3B may be applicable to the exemplary cordless tool
systems, and equivalents, in any of FIGS. 17-19. In FIG. 3B, a ’smart’ power
tool 170 is illustrated, it being understood that battery pack 100 may be
adapted for powering a ‘dumb’ power tool, i.e., a power tool without an
intelligent device or microelectronic component control such as a
microprocessor.

[0059] Referring to FIG. 3B, power tool 170 may be powered from the
internal battery power supply 135 via terminals 1 and 6. The tool 170 may
include a mechanical switch 175 that pulls terminal 7 high when the
semiconductor device 130a (discharge FET) is off. If semiconductor device
130a is left off while the battery pack 100 is dormant, the voltage at terminal 7
is low because of the pull down resistor 147. This resistor value should have
a substantially high resistance since it acts to bypass the semiconductor
device 130a. With this pull down resistor 147 in place and the semiconductor
device 130a in the off state, the voltage at terminal 7 remains low until a
switch 175 in tool 170 is activated. The result is that power terminal 7
immediately increases in voltage and the signal through power terminal 7
could be used to wake the battery pack 100 from a dormant mode of
operation. Tool 170 may include a tool electronic control unit 180. Tool
electronic control unit 180 may also be embodied in hardware or software as
a digital microcontroller, microprocessor, analog circuit, digital signal
processor, or by one or more digital ICs such as application specific
integrated circuits (ASICs), for exampie.

[0060] The tool electronic control unit 180 may be programmable so as to
read a trigger position of a trigger 181 and report the trigger position to the
battery electronic control unit 125 via serial data paths at terminals 4 and 5.

Based on the trigger position data, the battery electronic control unit 125 may
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vary the PWM duty cycle through semiconductor device 130a to obtain the
desired motor speed in tool motor 190. While semiconductor device 130a is
off, a diode 195 in the tool 170 may re-circulate residual inductive motor
current to prevent voltage spikes from occurring therein. The
forward/reversing switch 185 is typical for cordless tools and will not be
described here.

[0061] A dumb tool (not shown) may just have a trigger 181 configured as a
potentiometer and connected to one of terminals 1, 4 or 5, and to terminal 6.
The battery electronic control unit 125 may recognize the lack of serial data
communications and perform an analog analysis of the voltage at terminals 4
or 5. Based on the analysis, the battery electronic control unit 125 may send
PWM control signals via driver circuit 140 to cause semiconductor device
130a to switch at the desired duty cycle, so as to create an intended motor
speed. Even dumber tools could exist as on/off tools. These tools require
only the connection to terminals 1 and 7 for operation.

Over-charge Protection

[0062] There are two basic types of battery chargers used for recharging
battery packs: trickle chargers and fast chargers. Trickle chargers are
significantly less expensive than fast chargers; however a trickle charger
requires approximately a 1/2 day for recharging a battery pack. A fast charger
can recharge a battery pack within about an hour. An over-charge fault
condition may occur because of some fault condition or system failure in
either the charger or battery pack. Typically, a protection circuit in the battery
pack can detect an over-charge fault condition by monitoring voltage across
the battery pack. During charge, the voltage reaches a particular threshold.
The charger thus considers the battery pack ’fully charged’ and the charge
current is terminated. If the charger was locked-on due to a component
failure, it is desirable for the battery pack to be able to disable the charging

current with its own semiconductor device, such as charge FET
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(semiconductor device 130b) under the control of battery electronic control
unit 125.

[0063] Over-charge control may be provided by use of a charge lock-on
detection circuit (also known as a ‘hardware watchdog circuit’) between the
battery pack and the charger. In general, if the charger locked-on and pulsing
data (e.g., a clock provided from pack to charger via a suitable serial data
path) stopped, then the hardware watchdog may automatically turn off the
current flow.

[0064] A conventional hardware watchdog circuit is typically located in the
charger. This circuit monitors the charge current and looks for a 10ms current
off reset pulse in the charging current. In a typical charging scenario, a
microprocessor in the charger (such as charger electronic control unit 155)
may generate this reset pulse using the charge control line IctgL. Inan
abnormal situation (e.g., the charger microprocessor has locked the current
solid on or the charger power supply has locked the current solid on), the
hardware watchdog circuit would timeout and turn the charge current off using
a charge FET. However, in the conventional arrangement, it is still possible to
overcharge the battery pack if the microprocessor in the charger were to
contiﬁually generate the reset pulse without ever terminating the fast charge
(due to improper microprocessor behavior, for example).

[0065] FIG. 4 is a partial block diagram of connections between a battery
pack and charger to illustrate over-charge protection in accordance with an
exemplary embodiment of the present invention. In FIG. 4 seven terminals
and six battery cells are shown for convenience, it being understood that more
or less terminals and battery cells could be illustrated in the exemplary
embodiment.

[0066] In FIG. 4, battery pack 100 includes at least a battery electronic
control unit 125, semiconductor device 130b (such as charge control FET)
and temperature sensor 120. The temperature sensor 120 may be embodied
as an internal NTC thermistor, for example. The charger 150 may include at
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least charger electronic control circuit 155, a charge FET 157 and a hardware
watchdog circuit 158.

[0067] The battery electronic control unit 125 may receive a battery
temperature value from the internal NTC thermistor and may communicate
this information via serial data paths at terminals 3 and/or 4 to the charger
electronic control unit 155. In the event of an extreme battery temperature due
to an overcharge condition, the charge current may be terminated by the
battery electronic control circuit 125 sending a PWM control signal or pulse,
via driver circuit 140, to turn semiconductor device 130b off. Alternatively, this
control signal may be sent via serial data paths at terminals 3 and/or 4 to
charger electronic control circuit 155 to turn off the charge FET 157 in the
charger 150. However, it may still be possible to overcharge the battery pack
100 in the event of a two-point failure — a shorted semiconductor device 130b
(charge control FET) in the battery pack 100 and improper unit behavior in
one of the battery electronic control unit 125 or charger electronic control unit
155. _

[0068] The dotted arrowhead lines in FIG. 4 show a hardware watchdog
circuit 158 (hereafter watchdog 158) having multiple reset inputs. In addition
to monitoring the charge current reset pulse, watchdog 158 also monitors the
serial communications clock path (through terminal 3) as a reset pulse. If any
of these reset pulses did not occur, the watchdog would timeout and turn the
charge current off. It may still be possible to overcharge the battery pack 100
in the event of a 2 point failure—a shorted charge control FET (e.g., device
130b) in the battery pack 100 and improper unit behavior in one of the battery
electronic control unit 125 or charger electronic control unit 155.

[0069] In addition to monitoring the charge current reset pulse, watchdog
158 also monitors the pack temperature at temperature sensor 120 (such as
an NTC thermistor) directly to sense an overcharge condition. In FIG. 4, a
shorted battery charge control FET (semiconductor device 130b) and any
failures in the battery electronic control unit 125 or charger electronic control
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unit 155 would not affect the watchdog’s 158 ability to monitor the pack
temperature for sensing and terminating an overcharge condition.

[0070] In addition to monitoring the charge current reset pulse, watchdog
158 could also monitor the individual cell voltages using circuits 415A and
terminal 6 to sense an over voltage condition which would indicate an
overcharge condition. In FIG. 4, a shorted battery charge control FET
(semiconductor device 130b) and any failures in the battery electronic control
unit 125 or charger electronic control unit 155 would not affect the watchdog’s
158 ability to monitor the individual cell voltages for sensing and terminating
an overcharge condition.

[0071] In addition to controlling the hardware watchdog, the voltage monitor
circuits 415A used for monitoring the individual cell voltages could also
directly control the charge FET 130b in the battery pack 100 through the
driver circuit140 and/or directly control the charge FET in the charger (157)
through the AND logic (151) and terminal 6. This is shown by the dotted lines
between voltage monitor circuits 415A and driver circuit 140. This control
would allow circuits 415A to stop an overcharge condition due to overvoltage
of the individual cells.

[0072] In addition to monitoring the charge current reset pulse, watchdog
158 could also monitor the battery stack voltage using voltage monitor circuit
415B and terminal 7 to sense an overvoltage condition which would indicate
an overcharge condition. In FIG. 4, a shorted battery charge control FET
(semiconductor device 130b) and any failures in the battery electronic control
unit 125 or charger electronic control unit 155 would not affect the watchdog's
158 ability to monitor the battery stack voltage for sensing and terminating an
overcharge condition.

[0073] In addition to controlling the hardware watchdog, voltage monitor
circuit 415B used for monitoring the battery stack voltage could also directly
control the charge FET in the battery (130b) (see optional dotted line 425)
through the driver circuit (140) and/or directly control the charge FET in the
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charger (157) through the AND logic (151) and terminal (7). This control would
allow voltage monitor circuit 415B to stop an overcharge condition due to
overvoltage of the entire battery stack voltage.

[0074] FIG. 5 is a partial block diagram of connections between a battery
pack and charger of a cordless power tool system to illustrate over-charge
protection in accordance with another exemplary embodiment of the present
invention. FIG. 5 omits the voltage monitor circuits 415A and 415B for
purposes of clarity, it being understood that both individual cell voltage and
total stack voltage could be inputs to a hardware watchdog circuit 158’ in FIG.
5, similar to as shown in FIG. 4.

[0075] FIG. 5 is a hybrid of FIG. 4 to illustrate a watchdog 158’ with multiple
inputs. Watchdog 158’ monitors the charge reset pulse, clock reset pulse, and
the NTC signal, cell voltage, and/or battery stack voltage in order to sense a
charge lock-on condition. The charge current could still be shut off even with a
shorted charge control FET 130b in the battery and improper unit behavior in
one of the battery electronic control unit 125 or charger electronic control unit
155, and may reduce the number of terminals needed by sharing the NTC
output terminal with the clock terminal. Accordingly, the exemplary hardware
watchdog circuit(s) in FIGS. 4 and 5 may prevent battery overcharging by
monitoring the condition of both the battery pack 100 and charger 150.
Overcharge prevention remains available even in the event of a two-point
failure such as a shorted battery charge FET and improper microprocessor
behavior in one (or both) of the battery pack 100 and charger 150.

[0076] Determination of an over-charge fault condition can also be done by
other means. If an accurate current measurement is made by a current
sensor in the battery pack (such as current sensor 145) during discharge,
then a coulomb measurement could be made by the battery electronic control
unit 125 to put back in the amount of energy taken out. This could be used in

conjunction with or without the voltage measurement that may be made by a
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protection circuit 210 in the battery pack 100 to detect an over-charge fault
condition.
Over-Discharge Protection

[0077] Various battery technologies can be damaged when discharged in
excess of the manufacturer's recommendations. In accordance with the
exemplary embodiments, the battery pack 100, such as is shown above in
FIGS. 3A or 3B, may include circuitry to prevent current flow when the battery
voltage drops below a given voltage threshold, hence under-voltage lockout.
A protection circuit 210 in the battery pack can sense battery voltage and if
the voltage drops below a given voltage level, the discharge FET
(semiconductor device 130a) is turned off. Battery cells 105 would still be
susceptible to charge, but would not discharge any more. The threshold may
be an absolute threshold set at time of manufacture, for example, or a
threshold that may vary based on a number of given factors.

[0078] FIG. 6 is a graph of voltage versus time to illustrate an automatic
shutdown invoked by a protection circuit in accordance with an exemplary
embodiment of the present invention. To protect against an over-discharge
fault condition in a battery pack of a cordless power tool system, an
exemplary protection circuit 210 (such as shown in FIG. 2) and/or the battery
electronic control 125 in FIGS. 3A-5, could perform an automatic shutdown of
current in pack 100 if the voltage reached a given threshold.

[0079] An improvement to the aforementioned voltage threshold may be to
combine the threshold with a proportion of discharge current to compensate
for the impedance of the battery pack 100. Basing the threshold on an
absolute level and subtracting a portion of the instant current may provide an
alternative method for under-voltage lockout.

[0080] FIG. 7 is a graph of voltage versus time to illustrate a modified
threshold for over-discharge protection in accordance with an exemplary
embodiment of the present invention. For the purposes of describing FIG. 7,

the protection current 210 of FIG. 2 or the battery electronic control 125 could
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be configured to make the following calculations and/or perform the automatic
shutdown. FIG. 7 shows an example of a battery pack at 10% state-of-
charge. By adding in a proportion of discharge current to compensate for the
impedance of the battery pack 100, the battery pack 100 is still above a given
discharge threshold of 2.7 volts.

[0081] For example, if a 10 amp pulse load is placed on the battery pack
100, the battery impedance would cause the voltage to jump below the
threshold momentarily and return to its resting value when the current pulse is
removed. Even though the battery pack 100 had 10% of charge left, a
protection current would have interrupted current flow. However, if the low-
voltage threshold was partially compensated with current as described in the
previous paragraph, the threshold would be dropped during the heavy current
draw and no shutdown would occur. In other words, the low-voltage threshold
may be varied by subtracting a portion of the instantaneous discharge current
to compensate for pack impedance so as to avoid an unwanted automatic
shutdown.

[0082] Once the impedance of the pack is known, then the portion of the
low-voltage threshold related to current can be calculated. Additional battery
factors that may influence the low voltage threshold may include battery
temperature, battery age, rate of decrease in battery voltage, etc.

Over-current Protection

[0083] FIGS. 8A and 8B illustrate exemplary devices that may be used in the
battery pack for over-current protection in accordance with an exemplary
embodiment of the present invention. FIGS. 8A and 8B illustrate only a
portion of a battery pack circuit for reasons of brevity. However, the devices
in FIGS. 8A and 8B could be part of the battery pack 100 as shown in any of
FIGS. 3A-5. Another mechanism that can cause cell damage is over-current.
Various electronic switching methods may have a drawback, in that electronic
switches are prone to failing in a short circuit condition. When this happens,
an operator overload the motor of the attached tool. For battery pack circuit
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designs that include separate impedance branches, a device such as a fuse
or fusible link could be used to limit the maximum current through that circuit
branch.

[0084] Fuses generally are not designed to provide overload protection, as a
fuse’s basic function is to protect against short circuits. However, a dual-
element (two-element) fuse or time delay fuse may provide secondary motor
overload protection, although when blown must be replaced, as these fuses
are nonrenewable. Accordingly, such a fuse could represent a secondary
failure and be intended to prevent further operation, for example.

[0085] Thus, a simple fuse as shown in FIG. 8A may be designed to limit the
current through the cells 105, but may also cause permanent damage once its
rating is exceeded. Other devices such as Positive Temperature Coefficient
(PTC) elements and re-settable fuses may be substituted for the fuse in FIG.
8A for over-current protection. As discussed above, PTC devices or elements
are known as protective elements for controlling the current which flows
through circuits to be protected, since their resistance value increases as they
give off heat in over-current conditions. For example, PTC thermistors have
been used as an over-current protection element. When an electronic circuit
gets overloaded, conductive polymers of a PTC thermistor, which have PTC
properties, emit heat and thermally expand to become high resistance,
thereby reducing the current in the circuit to a safe, relatively small current
level.

[0086] Accordingly, if a PTC device such as described above is connected
in series with the battery, the total pack impedance would increase with
increasing current. If substantially low impedance is needed and no
commercially available single PTC device can offer the desired low
impedance and/or current capability, then multiple PTC’s could be connected
in parallel with each other to share the current, as shown in FIG. 8B, for

example.
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[0087] If separate charge and discharge paths or branches are envisioned
in the battery pack, then a thermal fuse such as a PTC element could be
placed on each current path. This would be beneficial in that the charge path
would use a low current device and the discharge path would use a high
current device.

[0088] Proximity placement of a fuse nearer the terminals also may provide
an added benefit of isolating the downstream branch of electrical devices from
a non-isolated charger. If a battery pack 100 were to melt sufficiently to
expose the cells 105 and electronics, the fuses (which would have blown)
near the terminals would provide a disconnect of the exposed metal from the
non-isolated charger output, hence electric isolation to possible preserve
electrical components in an attached charger (or tool). Thus, positioning the
fuse (or PTC element) in FIG. 8A nearer the terminal may provide additional
over-current protection in pack 100.

[0089] Using current sensing measures (such as current sensor 145 of
FIGS. 3A and 3B) and a semiconductor device (such as semiconductor
devices 130a and 130b) to stop current flow once an over-current threshold is
reached may be a desirable method of preventing cell-damage. For example,
current sensor 145 may be adapted to sense pack current to generate a
control signal based on sensed current exceeding a given current limit or
threshold. A semiconductor device having a current limiting or current
interrupting function (e.g., semiconductor devices 130a and 130b) may be
directly connected to the current sensor 145. The semiconductor device may
be adapted to limit or interrupt current based on the control signal received
directly from the current sensor 145 instead of from battery electronic control
125 via driver 140.

[0090] Current sensing could also be coupled with an averaging algorithm if
momentarily high current loads were acceptable but steady state high current
was not acceptable. A suitable current limit or threshold could also be
variable, and proportional, to the temperature of the cells. This may be
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beneficial in that, if the cells were already hot, the maximum current pulled out
would not be sufficient to overheat the internal cell chemistry.
Over-temperature protection

[0091] Some batteries may also be damaged by extreme temperatures
(extreme high or low temperatures) or have reduced performance (i.e.,
reduced voltage and/or current output) due to extreme temperatures. This is
particularly relevant to battery packs having a Li-ion cell chemistry. A battery
temperature threshold may be set to shutdown the battery pack until it cools
below a desired or given temperature. Likewise, a battery temperature
threshold may be set to shutdown the battery pack until it rises above a
desired or given temperature. These thresholds can also be based on a set
limit with a partial dependence on current, voltage, age, and rate of rise or fall
in temperature, for example. As discussed above, one or mbre temperature
sensors may be used for determining the state of the battery pack
temperature.

[0092] FIG. 9 illustrates a device providing over-temperature protection in
accordance with the exemplary embodiments of the present invention. An
over-temperature fault condition in a battery cell may cause permanent
damage. Thus, a protection circuit configured to monitor absolute
temperature may be useful in preventing over-temperature conditions. FIG. 9
illustrates only a portion of a battery pack circuit for reasons of brevity.
However, the devices in FIG. 9 could be part of the battery pack 100 as
shown in any of FIGS. 3A-5.

[0093] As shown in FIG. 9, the protection device 210 may be embodied as a
thermal switch 910 that opens high current contacts 920. These contacts may
be located within the circuit to stop any current flow in or out of the pack 100
until the temperature drops to an acceptable level. These devices may be
typically set to trip at a pre-determined temperature and are usually found in
coffee makers, for example. Once the water in a coffee maker is boiled off
the heating element temperature rises above 212°F. The temperature switch
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senses this and breaks the temperature controlled switch. When the pack (or
a cell) temperature gets too hot, the charge and /or discharge function in pack
100 is disabled.

[0094] Alternatively, a thermally controlled release mechanism could ‘pop’
the battery pack 100 out of the tool 170 or charger 150 and prevent re-
insertion, until the pack 100 has cooled off. This device could be similar to a
“pop-up timer” aimed at a latch mechanism which restrains an ejection device
within pack 100, as will be seen in further detail below. Another device for
protecting against an over-temperature fault condition is the use of a
thermistor. A thermistor may be utilized in the battery pack 100 to monitor
temperature conditions while maintaining full electrical ‘isolation of the
thermistor from the battery cells 105.

[0095] Currently, manufacturers typically may include a thermistor in battery
packs to monitor the temperature of the core pack and to terminate charge in
the event of an over temperature condition. These thermistors have a
connection arrangement in which one end is connected to a terminal going
out to the charger 150, and the other end is referenced to ground by tying to
the negative terminal lead in the battery pack.

[0096] For high power battery packs adapted for use with both existing
cordless power tools, and developing lines of power tools that are
manufactured for use with these high power battery packs, such as Li-ion
battery packs, this above connection arrangement may be problematic, since
the connection arrangement creates the potential for a charge path through
the thermistor. If a small amount of current were passed through the
thermistor, the battery pack could potentially be charged outside the
protection controls and circuitry provided in the pack 100 and charger 150.
This could potentially lead to an inadvertent overcharging of the pack 100, a
potentially hazardous condition.

[0097] FIG. 10 illustrates a connection arrangement for a thermistor in

accordance with an exemplary embodiment of the present invention. In FIG.
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10, only the positive and negative terminals of the pack 100 are shown for
clarity. FIG. 10 illustrates only a portion of a battery pack circuit for reasons of
brevity. However, the thermistor in FIG. 10 could be part of the battery pack
100 as shown in any of FIGS. 3A-5. The two leads of the thermistor (Th+ and
Th-) may be brought out of the pack on independent terminals 2 and 3. These
terminals may interface to temperature monitoring circuitry inside of the
charger 150, for example, such as temperature monitoring circuitry of the
charger electronic control unit 155 (not shown in FIG. 10 for clarity). This may
allow monitoring of pack 100 temperature while keeping the thermistor
completely isolated from the charge path in the pack 100. By doing this, there
is no charge path through the thermistor and no potential to overcharge the
battery pack 100 through the thermistor.

Audible/Visual Warning Mechanisms

[0098] Before shutting down the battery power, it may be desirable that

some kind of warning be provided to the operator of a cordless tool powered
by the attached battery pack. Similar to a scenario when a fault condition
occurs, or is in the process of occurring, in an owner’s car, the owner may be
given a warning light on the dashboard for a given duration of time before the
engine breaks down because of the fault condition (i.e., piston damage due to
a lack of oil).

[0099] Both under-voltage and temperature limitations can be used as a cut-
off, i.e., the battery pack 100 ceases to output current once a threshold is
reached. However, before such a fault condition occurs (such as an under-
voltage or over temperature threshold) is reached, a warning mechanism in
either the battery pack or tool may warn the operator that the operator is
approaching an impending operating limit in the pack that may automatically
shutdown battery power in the pack. The warning mechanism could be
audible (with a horn or buzzer) or visible using a desired illumination scheme

such as LEDs, for example.
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[00100] The audible and/or visible warning mechanism may be tied into the
existing circuitry in the pack 100 or tool 170. As discussed above, the
battery pack 100, tool 170 or charger 150 in any of FIGS. 3A through 5 and
may be controlled by intelligence in the pack, tool, charger, etc. Such
intelligence as battery electronic control 125 or tool electronic control 180
could be configured to control warning mechanisms for various impending or
present fault conditions. As an example, a separate audible or visual warning
may be provided to alert the tool operator of an over-discharge condition in
the battery pack 100, an over-current condition in the battery pack 100, and
over-temperature condition in the pack 100 or in the motor 190 of the attached
tool 170, and/or an under-voltage condition in the battery pack 100 due to an
excessive amount of current being drawn from the battery pack 100.

[00101] As discussed above, the warning mechanism before an impending
automatic battery power shutdown is reached could be embodied in many
different forms. The aforementioned audible warnings such as horns,
buzzers, and speaker sounds might be acceptable in some working
environments, but may not be heard by the tool operator in loud
environments. Visual cues such as specified illumination(s) and gauges may
also be missed by the tool operator in extremely dark or substantially bright
work areas.

[00102] An alternative warning mechanism to alert the tool operator may be
embodied in the motor control of the tool motor. In general, an electronic
circuit in one of the tool or battery pack could reduce the maximum power
output capability of the battery pack and produce a “fold back” condition. The
operator would both hear and feel this condition as a 'weakening’ of the tool
performance. The operator would be prompted to back off and avoid an
impending fault condition (e.g., under-voltage, over-temperature, under-
temperature condition, etc.).

[00103] An additional method for alerting the user of an impending fault
condition would be to vary the motor control’s pulse width modulation (PWM)
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to create a “warble” effect in the speed of the motor. This mild cyclic change
in motor speed is selected as such it would not adversely affect tool
performance. This method provides the user with both audible and tactile ‘
feedback on the impending fault condition.

[00104] A third method for alerting the user of an impending fault condition
would be to lower the PWM frequency into the audible frequency range and
vary the pitch in a periodic fashion. This will present an efficient warning
mechanism to get the operator’s attention. At the very least, the warning
mechanism gives the operator a sense of warning that they may be able to
finish the current job, but may not be able to move on to another job before
resting or recharging the battery pack to eliminate or overcome the impending
fault condition.

[00105] Any of the above warning mechanisms, either singly or in
combination with one or more of the above warning mechanisms, could
potentially enhance the tool functionality or extend tool and/or battery pack
life. The following details the latter warning mechanism as directed to
providing the aforementioned warbling effect in the motor of the power tool
based on a state of charge in the battery pack.

PWM State of Charge (SOC) Indicator

[00106] The purpose of the PWM State of Charge (SOC) Indicator is to alert
the operator of an impending fault condition which could cause automatic

battery power shutdown, resulting in a ’dead’ battery pack. This may be
accomplished by directly determining SOC information in a motor control unit
that is part of the battery pack circuitry. Based on the SOC information, a
motor control unit in the battery pack would vary the motor current switching
frequency to produce the ‘warbling effect’ in the tool motor that may be heard
and/or physically felt by the tool operator.

[00107] FIG. 11 is a flow diagram iilustrating a method of alerting an operator
of a power tool of an impending fault condition in the battery pack. Referring
to FIG. 11, a motor control unit (not shown) in the battery pack may measure
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various battery pack parameters to determine state of charge (SOC)
information in the battery pack at a given time instant (S1110). The motor
control unit may be embodied in hardware or software as a digital
microcontroller or microprocessor or an analog circuit, for example, and/or by
a digital IC such as a digital signal processor or an application specific
integrated circuit (ASIC). Based on the SOC information, the motor control
unit determines a desired motor current switching frequency (S1120) which is
imparted to the tool motor to produce the warbling effect (S1130) to alert the
operator.

[00108] There are a number of ways to evaluate, track and determine the
SOC of the battery pack. For example, battery pack parameters measured by
the motor control unit to determine the SOC information may include battery
pack voltage, Coulomb count (Ahjy - Ahoyt), total battery pack 100 impedance,
etc. The motor control unit would then decide on a motor current switching
frequency based on the SOC information.

[00109] The motor current switching frequency for the tool 170 motor could be
manipulated in a number of ways to alert the user. Accordingly, adjusting the
motor current switching frequency enables the motor of the tool to
communicate to the tool operator. A switching frequency could be selected in
the audible frequency range, so that the motor would make a noise that is
perceptible by the operator. Exemplary audible frequencies could be a
constant frequency tone emitted by the tool motor, a varying frequency ring
tone, a complex series of multiple frequency tones to mimic a 'voice’ speaking
to the tool operator, for example. Additionally, the motor control unit could
pulse the motor so as to make the tool physically shutter or vibrate in a way
that would let the operator know that the battery packing was running out of
charge, for example, or approaching a fault condition requiring attention.
[00110] Methods of pulse-width-modulating the motor to alert the operator of
an impending fault condition such as a low SOC condition could also be used
to communicate other fault conditions. For example, motor current switching
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frequency could be adjusted to alert the tool operator based on sensed
information related to an over temperature condition in the battery pack, over
temperature condition in the tool motor, over-current condition in the pack
and/or under-voltage condition due to an excessive amount of current being
drawn from the battery pack. Current, temperature and voltage are merely
exemplary measurable parameters that could be tracked for a given fault
condition.

[00111] FIG. 12 is a block diagram illustrating an exemplary arrangement for
determining SOC and varying motor current switching frequency in
accordance with an exemplary embodiment of the present invention. FIG. 12
shows a circuit interface relationship between battery pack 100’ and tool 170’
somewhat similar to FIG. 3B, although only certain components are shown for
reasons of clarity.

[00112] Referring to FIG. 12, IC1, R1, and Q1 contribute to protection circuitry
and cell balancing functionality, as discussed above in reference to several of
the other figures. IC1 could represent the battery pack electronic control unit
125, for example, in FIGS. 3A and 3B. DATA3 and DATA4 represent serial
data paths to carry serial data between IC1 and IC2; IC2 in FIG. 12 may
represent the motor control unit. For example, DATAS could be dedicated to
passing data and control signals between IC1 and IC2, and DATA4 for
sending a clock to synchronize IC1 with IC2 or vice versa.

[00113] The element REG is a voltage regulator that supplies VCC to digital
devices IC2 and IC3. In FIG. 14, IC3 may represent a tool electronic control
unit 180 as described in FIG. 3B for example, with DATA1 and DATA2
representing serial data paths for communication of data and control signals
between IC3 and IC2. SW1 represents the tool switch to pull current from the
battery pack to power motor M1. Resistor R6 and potentiometer R7 make up
a variable speed input for the tool. Each of IC1, IC2 and IC3 may be
embodied in hardware or software as a digital microcontroller or
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microprocessor or an analog circuit, for example, and/or by a digital IC such
as a digital signal processor or an application specific integrated circuit (ASIC)
[00114] Motor control unit IC2 drives the gates of Q5 and Q6 (which may be
embodied as MOSFETS) in order to regulate output voltage of the battery
pack and thereby control motor current that powers the motor M1 of the tool.
IC2 may measure one of more battery pack parameters to determine SOC.
For example, IC2 could monitor battery pack output voltage across nodes N1
and N2, or perform Coulomb counting by monitoring current at shunt resistor
R5 and keeping track of time (via suitable internal clock). Further, IC2 could
also monitor pack impedance by subtracting loaded battery pack output
voltage (when current is flowing) from unloaded pack voltage (recorded before
current draw) and dividing the result by the current measurement taken at R5.
Any of these measurable parameters could serve as a SOC measure. IC2
would then use this SOC information to determine the appropriate switching
frequency, and control Q5 and Q6 to achieve that switching frequency.
Redundancy
[00115] The features described above are designed to prevent damage to the
battery cells from heavy use or failing components in any part of the control
system in the pack 100, charger 150 or tool 170. By adding a secondary form
of redundancy, the cells may be less likely to experience cell damage. For
example, in FIG. 12, the charger 150 and the tool 170 could also monitor
battery temperature and current through external terminals or
communications. Battery voltage may also be monitored during charge by the
charger 150. It could also be checked by the tool during discharge.

~ [00116] FIGS. 13-16, in general, illustrate various devices for providing
overcharge protection in extreme cases. In the event that an overcharge
condition fails to be addressed by the above described watchdog circuit of
FIGS. 4 and 5, other current sensory devices, and/or an intelligent device
microprocessor in one or more of the battery pack 100 or charger 150 fails
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(multi-point failures in pack or charger), FIGS. 13-16 illustrate potential
secondary protection for the battery pack 100 and/or charger 150.

[00117] FIG. 13A is an isometric view of a single laminate battery cell, in
which cell 1305 (analogous to cell 105 in any of FIGS. 3A-5) has a tab 1303
(also known as a connector) for connection to an adjacent serially connected
cell. FIGS. 13B and 13C illustrate a device for protecting against an
overcharge condition in accordance with an exemplary embodiment of the
present invention.

[00118] FIGS. 13B and 13C illustrate a device which may reduce the
potential for battery cells having a lithium-ion cell chemistry (or other cell
chemistries) from rupturing upon a severe overcharge condition that is
unattended by other protection circuitry in the pack. In general, during an
overcharge event, the laminated lithium-ion battery cells 1305 may exhibit
extensive swelling. If the overcharge continues, this may result in a rupture of
one or more of the cells 1305. This rupture may result in fire and potentially
severe damage to the battery pack 100 attached electrical device (charger
150, tool 170) and/or user of the battery pack 100.

[00119] Accordingly, a battery pack may be designed to take advantage of
this swelling phenomenon. FIG. 13B a side view of a steady-state or normal
condition in the battery pack, and illustrates tab welds 1306 or similar
connections to serially connect the tabs 1303 of adjacent cells 1305 between
positive and negative power terminals of the battery pack 100. As shown in
FIG. 13C, swelling of one or more given cells 1305 in the battery pack 100
may help to prevent a severe overcharge condition from occurring. The
swelling cell(s) 1305 creates a tension pressure against its tab 1303, such that
two tabs 1303 may separate at a tab weld 1306. In this exampfe, the an
opening 1308 is formed in the circuit, thus removing or interrupting charge
current to the cells 1305. Thus, as a cell 1305 expands, it pulls the tab
connector 1303 away from an adjacent tab 1303 at the tab weld 1306 to break
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the electrical connection between cells 1305, interrupting current flow in the
battery pack 100.

[00120] FIGS. 14A and 14B illustrate a device for protecting against an
overcharge condition in accordance with another exemplary embodiment of
the present invention. FIG. 14A illustrates a side view of normal or steady
state conditions in pack 100 to illustrate another exemplary protection
arrangement. In FIG. 14A, the cells 1305 may be serially arranged within a
battery housing (shown generally as housing sidewall 1401a and housing
sidewall 1401b, which may include an intermediate housing wall 1401c, for
example. A plunger 1408 may be provided between the serially connected
cells 1305 and the intermediate housing wall 1401c so as to protrude into a
recess 1409 through the walls 1401b, 1401c. In an example, the plunger may
be restrained via a counter force provided by spring 1410, so that there is a
channel 1404 formed between housing sidewall 1401b and intermediate
housing wall 1401c. A lead wire (here shown as a positive terminal wire or
circuit trace), may extend through the channel 1404.

[00121] Referring now to FIG. 14B, showing one cell 1305 in an overcharged
state. As the cell 1305 expands, the expansion force from the cell assists the
plunger 1408 in overcoming the counterforce spring pressure from spring
1410. Thus, plunger 1408 travels into recess 1409 to sever lead wire 1405 as
shown generally at 1415, thereby interrupting charge current to the cells 1405
of the battery pack. Note also that the swelling cell 1305 also causes the tabs
1303 to come apart as shown generally at 1308, providing further redundancy
to sever or break the electrical connections internal to the battery pack.

These protective features may thus prevent rupture of one or more cells in the
pack 100 by interrupting the current flow.

[00122] FIGS. 15A and 15B illustrate a device for protecting against an
overcharge condition in accordance with another exemplary embodiment of
the present invention. FIGS. 15A and 15B illustrate a plunger designed so as

to eject a battery pack from a charger.
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[00123] FIG. 15A is similar to FIG. 14A, thus only differences are discussed
for reasons of brevity. As shown in FIG. 15A, in steady state or normal
operations, plunger 1408 is biased against a counterforce spring pressure of
spring 1410, such that the plunger 1408 rests against a charger housing
sidewall 1501. Charger housing sidewall 1501 abuts sidewall 1401b of pack
100. Lead wire 1405 of the pack and a charger lead wire 1505 are operatively
connected at contacts 1410,1510.

[00124] Referring now to FIG. 15B, as a cell 1305 expands, plunger 1408
overcomes spring 1410 pressure which causes the plunger 1408 to self-eject
the pack 100 from the charger, see gap 1508 between cell housing sidewall
1501 and pack sidewall 1401b. This action breaks contacts 1410 and 1510.
Accordingly, upon a severe overcharge condition, the swelling of the pack in
combination with the placement of the plunger 1408 interrupts charging
current and prevents rupture of the pack by ejecting the pack from the
charger. Note also that the swelling cell 1305 also causes the tabs 1303 to
come apart as shown generally at 1308, providing further redundancy to sever
or break the electrical connections internal to the battery pack. These
protective features may thus prevent rupture of one or more cells in the pack
100 by interrupting the current flow.

[00125] FIGS. 16A and 16B illustrate a device for protecting against an
overcharge condition in accordance with another exemplary embodiment of
the present invention. FIGS. 16A-B are similar in some respects to FIGS.
14A-14B, thus the differences are described for purposes of brevity.

[00126] In FIG. 16A, the charger lead wire or trace 1505 is connected to pack
lead wire at contacts 1405,1505. Unlike in FIG. 14A, charger lead wire 1505
abuts an inside surface a charger housing sidewall 1501. Plunger 1408 and
spring 1410 are as described in FIG. 14A. Referring now to FIG. 16B,
showing one cell 1305 in an overcharged state. As the cell 1305 expands, the
expansion force from the cell assists the plunger 1408 in overcoming the
counterforce spring pressure from spring 1410. Thus, plunger 1408 travels
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into recess 1409 to sever charger lead wire 1505 as shown generally at 1615,
thereby interrupting charge current to the cells 1405 of the battery pack. Note
also that the swelling cell 1305 also causes the tabs 1303 to come apart as
shown generally at 1308, providing further redundancy to sever or break the
electrical connections internal to the battery pack. These protective features
may thus prevent rupture of one or more cells in the pack 100 by interrupting
the current flow.

[00127] The exemplary embodiments of the present invention being thus
described, it will be obvious that the same may be varied in many ways. Such
variations are not to be regarded as departure from the spirit and scope of the
exemplary embodiments of the present invention, and all such modifications

as would be obvious to one skilled in the art are intended to be included within

the scope of the following claims.
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What is claimed is:

1. A protection arrangement within a battery pack for protecting against a
fault condition in the battery pack, the battery pack adapted to power a
cordless power tool and including a plurality of battery cells, comprising:

a plurality of distinct protection devices, each cell having a
corresponding protection device adapted to perform a current limiting function.

2. The arrangement of claim 1, wherein each protection device is embodied

as a thermistor.

3. The arrangement of claim 1, wherein

the cells are serially connected to form a string of cells, and

each protection device is embodied as a positive temperature
coefficient (PTC) that increases in resistance to limit the current through the

entire string, when its corresponding cell reaches a fault condition.

4. The arrangement of claim 1, wherein the battery pack is a lithium-ion

battery pack.

5. The arrangement of claim 4, wherein the lithium-ion battery pack has a

nominal voltage rating of at least 18 volts.

6. A battery pack adapted to power a cordless power tool and including a
plurality of serially-connected battery cells, the battery pack including a
protection arrangement adapted to limit or interrupt current in the battery pack

upon a fault condition that is sensed in the battery pack.
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7. The battery pack of claim 6, the arrangement further comprising:

at least one protection circuit sensing a given battery parameter to
determine the fault condition in one or more of the cells and to generate a
control signal based on an indication of a fault condition; and

a master device having a current limiting or current interrupting
function adapted to limit or interrupt current based on the control signal

received from the protection circuit.

8. The battery pack of claim 6, the arrangement further comprising:

a temperature sensor for sensing pack temperature to generate a first
signal;

a current sensor for sensing pack current to generate a second signal;
and

a battery control circuit adapted to receive said first and second signals
to determine a fault condition in the battery pack and generate a control

signal.

9. The battery pack of claim 8, wherein

the battery electronic control unit sends the control signal to a
semiconductor device operatively connected thereto, and

the semiconductor device has a current limiting or current interrupting

function to limit or interrupt current based on the control signal.

10. The battery pack of claim 6, the arrangement further comprising:

a current sensor for sensing pack current to generate a control signal
based on a sensed over-current fault condition; and

a semiconductor device having a current limiting or current interrupting
function and operatively connected to the current sensor, the semiconductor
device adapted to limit or interrupt current based on the control signal
received from the current sensor.
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11. The battery pack of claim 10, wherein the over-current fault condition

exists if the sensed pack current exceeds a given threshold.

12. The battery pack of claim 11, wherein the current threshold is based on
temperature of the cells.

13. The battery pack of claim 6, the arrangement further comprising:

a battery control circuit configured to monitor battery voltage, battery
current and battery temperature so as to generate a control signal, and

a semiconductor device operatively controlled by the battery control
circuit, the semiconductor device adapted to limit or interrupt current based on

the control signal.

14. The battery pack of claim 13, the arrangement further comprising:

a temperature sensor for sensing cell temperature to output a sensed
signal to the battery control circuit;

a current sensor for sensing battery current to output a sensed signal
to the battery control circuit; and

a voltage monitor circuit for sensing one of individual cell voltage and
total pack voltage of the pack to output a sensed signal to the battery control

circuit.

15. The battery pack of claim 6, the arrangement further comprising:
at least one communication terminal for communicating information to,

and sensing information from, an attached external component.

16. The battery pack of claim 6, the arrangement further comprising:
at least one protection circuit monitoring pack voltage for a potential

over-discharge fault condition in the pack and adapted to perform an
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automatic shutdown of current flow in the pack if the monitored voltage

reaches a given voltage threshold.

17. The battery pack of claim 6, the arrangement further com'prising:

at least one protection circuit monitoring pack voltage for a potential
over-discharge fault condition in the pack and adapted to perform an
automatic shutdown of current flow in the pack if the monitored voltage
reaches a given dynamic voltage threshold,

wherein the dynamic voltage threshold is varied by subtracting a
proportion of instant discharge current from an absolute threshold level to
compensate for impedance of the battery pack and to avoid a spurious
automatic shutdown of current flow, if monitored voltage momentarily drops
below the threshold.

18. The battery pack of claim 6, the arrangement further comprising:

a single PTC device placed in series with the serially-connected cells
within the battery pack as a protection against an over-current fault condition,
the PTC device adapted to increase total pack impedance with increasing

current in the pack.

19. The battery pack of claim 6, the arrangement further comprising:

a plurality of PTC devices placed in parallel with each other within the
pack to form a parallel PTC string, the parallel PTC string placed in series with
the serially-connected cells as a protection against an over-current fault
condition, the parallel PTC string adapted to increase total pack impedance

with increasing current in the pack.

20. The battery pack of claim 6, the arrangement further comprising:
at least one fuse arranged between the cells and a terminal of the
battery pack, wherein the physical placement of the fuse is nearer in proximity
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to the terminal than to the cells, thereby isolating the cells and associated
electronics of the pack from a connected charger or power tool in the event of

an over-current casualty in the pack.

21. The battery pack of claim 6, wherein the battery pack is a lithium-ion
battery pack.

22. The battery pack of claim 21, wherein the lithium-ion battery pack has a
nominal voltage rating of at least 18 volts.

23. The battery pack of claim 6, the arrangement further comprising an
audible warning mechanism configured to alert the user of the battery pack of

an impending or present fault condition in the battery pack.

24. The battery pack of claim 6, the arrangement further comprising a visual
warning mechanism configured to alert the user of the battery pack of an

impending or present fauit condition in the battery pack.

25. A method of providing over-voltage protection in a battery pack
removably attachable to a cordless power tool and a charger, the battery pack
operatively attached to the charger charging the pack, comprising:

sensing an over-voltage fault condition in the pack; and

terminating charge current in the battery pack or charger based on the

sensed fault condition.

26. The method of claim 25, wherein terminating includes generating a
control signal in the pack to turn off a semiconductor device in the pack that is
adapted to limit or interrupt current in a charge path of the pack.
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27. The method of claim 25, wherein terminating further includes

generating a control signal in the pack, and

communicating the control signal to the charger to turn off a
semiconductor device in the charger that is adapted to limit or interrupt current

in a charge path of the charger to terminate current flow in the battery pack.

28. A watchdog circuit of a charger, the charger operatively attached to a
battery pack for charging the battery pack, the watchdog circuit monitoring
parameters in both the battery pack and the charger for one or more control
signals from the battery pack or charger to terminate current flow in the

battery pack.

29. The watchdog circuit of claim 28, wherein the parameters include one or
more of battery pack temperature, individual cell voltages, battery stack
voltage, a charge current reset pulse from the battery pack, and a clock reset
pulse from the battery pack, and/or a charge current reset pulse from the

charger.

30. In a charger adapted to charge a battery pack, the charger and battery
pack part of a cordless power tool system, the charger comprising:

a charge current interruption circuit monitoring parameters in both the
battery pack and the charger for one or more control signals from the battery
pack or charger to terminate current flow in the battery pack.

31. The charge current interruption circuit of claim 30, wherein the
parameters include one or more of battery pack temperature, individual cell
voltages, battery stack voltage, a charge current reset pulse from the battery
pack, a clock reset pulse from the battery pack, and/or a charge current reset

pulse from the charger.
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32. A battery pack adapted to power a cordless power tool and to be charged
by a charger, the pack including a plurality of battery cells, the battery pack
comprising:

a device that terminates an over-temperature condition in the pack
based on pack temperature or an individual cell temperature exceeding a

given temperature threshold.

33. The battery pack of claim 32, wherein the device further includes
a thermal switch, and
a plurality of high current contacts,
wherein the thermal switch opens the high current contacts when

pack or cell temperature exceeds the given threshold.

34. In a battery pack operatively attachable to a charger, the battery pack
adapted to power a cordless power tool, a device for providing over-
temperature protection in the pack during charging, comprising:

a thermistor;

a first thermistor lead connecting the thermistor to a positive terminal
shared by the pack and charger; and

a second thermistor lead connecting the thermistor to a negative

terminal shared by the pack and charger.

35. The device of claim 34, wherein the positive and negative terminals
connected to the first and second leads interface to temperature monitoring
circuitry in the charger to enable monitoring of pack temperature while
maintaining the thermistor isolated from the charge path in the pack.
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36. A battery pack, the pack operatively attached to a cordless power tool for
powering a motor of the power tool, the battery pack comprising:

a motor control unit for determining at least one measurable
parameter in the battery pack that would indicate a fault condition; and

a pair of transistors in communication with the motor control circuit,
the motor control circuit controlling the pair of transistors to provide one of

audible or tactile feedback to the user of the tool.

37. In a cordless power tool system including a battery pack removably
attached to a power tool, a method of providing an audible warning in the
motor of the power tool to alert an operator of the tool of an impending fault
condition in the pack or tool, comprising:

determining at least one measurable parameter in one of the battery
pack or tool, and

providing one of audible or tactile feedback to the user of the tool

based on the at least one determined measurable parameter.

38. The method of claim 37, wherein providing includes adjusting motor
current switching frequency based on the at least one determined parameter
to produce an audible tone in the motor of the tool that warns the tool operator
of the impending fault condition.

39. The method of claim 37, wherein providing includes adjusting a desired
PWM duty cycle of at least one semiconductor device in the battery pack to
produce a warble effect in the motor speed that warns the tool operator of the

impending fault condition.

40. The method of claim 39, wherein adjusting further includes reducing the
PWM duty cycle to produce a weakening of the tool as felt by the tool user to
warn the user of an impending fault condition.
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41. A battery pack having over-charge protection, comprising:
a housing,
a plurality of serially-connected cells therein, and
a current interrupt mechanism to interrupt current in the cells that is

triggered upon swelling of at least one cell during an over-charge event.

42. The battery pack of claim 41, wherein
the cells are serially connected between power terminals of the pack
and interconnected to each other via tab connectors, the tab connectors of

adjacent cells connected to each other.

43. The battery pack of claim 42, wherein the current interrupt mechanism is
embodied as at least one tab connector of a swelling cell being pull apart from

at least one tab connector of an adjacent cell to interrupt current.

44. The battery pack of claim 41, wherein the current interrupt mechanism
comprises:

a plunger, and

a spring, the plunger restrained between the serially-connected cells
and a sidewall of the battery housing under a counterforce provided by the
spring, the plunger including a portion that extends partially into a recess
between formed an intermediate wall and an outer sidewall of the battery pack
housing, the recess including a lead wire from the pack electrically connecting
the cells of the pack to a charger,

wherein swelling of the at least one cell assists the plunger to
overcome spring pressure to sever the lead wire in the recess to interrupt

current.

45. The battery pack of claim 44, wherein the cells are serially connected
between power terminals of the pack and interconnected to each other via tab
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connectors, the tab connectors of adjacent cells connected to each other, and
the current interrupt mechanism further includes at least one tab connector of
the at least one swelling cell pulling apart from at least one tab connector of

an adjacent cell to interrupt current.

46. The battery pack of claim 41, wherein the current interrupt mechanism
comprises:

a plunger, and

a spring, the plunger restrained between the serially-connected cells
and a sidewall of the battery housing under a counterforce provided by the
spring, the plunger including a portion that extends partially into a recess, the
recess extending through a sidewall of the battery pack housing and a
sidewall of a charger housing,

wherein a charger lead wire electrically connecting the charger to a
corresponding lead wire of the battery pack extends longitudinally along a
face of the charger housing sidewall and over the recess, and

wherein swelling of the at least one cell assists the plunger to
overcome spring pressure to sever the charger lead wire extending over the

recess to interrupt current.

47. The battery pack of claim 46, wherein the cells are serially connected
between power terminals of the pack and interconnected to each other via tab
connectors, the tab connectors of adjacent cells connected to each other, and
the current interrupt mechanism further includes at least one tab connector of
the at least one swelling cell pulling apart-from at least one tab connector of
an adjacent cell to interrupt current.
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48. The battery pack of claim 41, wherein the current interrupt mechanism
comprises:

a plunger, and

a spring, the plunger restrained between the serially-connected cells
and a sidewall of the battery housing under a counterforce provided by the
spring, the plunger including a portion that extends partially into a recess
between formed a sidewall of the battery pack housing and a housing of the
charger,

wherein a lead wire from the cells is electrically connected to a
corresponding lead wire of the charger at a contact interface, and

wherein swelling of the at least one cell assists the plunger to
overcome spring pressure to eject the pack housing from the charger housing,

causing a break in the contact interface to interrupt current.

49. The battery pack of claim 48, wherein the cells are serially connected
between power terminals of the pack and interconnected to each other via tab
connectors, the tab connectors of adjacent cells connected to each other, and
the current interrupt mechanism further includes at least one tab connector of
the at least one swelling cell pulling apart from at least one tab connector of

an adjacent cell to interrupt current.
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Vehicle starting power source with doubie-batiery system

Abstraci

The invention relates {o a vehicle starting power source with a double-battery system. A batiery pack of the vehicle starting
power source is composed of a starting baltlery pack and an energy-sioring batiery, the starting baitery pack is only rasponsible
for starting of an engine, does not powsr a vehicuiar electric device and can independantly start the engine, and the ensrgy-
storing battery pack powers the vehicular eleciric device and can assist in stariing when electric guantity is sufficient. By the
vehicle siarling power source, the problem that the engine cannot be started due to excessive discharging of bhatteries can be

prevented effectively.
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25 EA TR 14 FERMES, RELETEIRER K.

KW EREE —HAKBH 20, HEFHERNILMEST R

HepfE. MHEME A 12 5HEAKB 12 HE&. JIT B LRI,

8 EXHIBIT 1002
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Bt KB 20 BRI ERMBNGET HEEE, TRABREHED 12 4

B, MMXEERE B 12 #1778, TRTBEERK AN 20 E#R

EEFEa 14 —MRREEFERANE. ERERT, NEREK

ELHL 20 A ERIE 14 MR B EBIEEL T — DC/DC (H/HiR) T #e 38 22,
s TR LE BT AR #e 3 HATITIE .

HE a4 BT —ERMNAERKNEHRE CFICEHRE “DC/DC”
TH %) 22 SR E I 12 HiERE. DC/DC Bt 22 FIAHATE
M—IhESEERXE—FERE, MANRERME 12 —MKHRE
FteE, AMATREREFa 14 —Xs, E2BERFEal 14 —

10 MAIEBRERFK, AT RARESBM 12 —MEBR. BT HRABL 20
21T DC/DC AT #3822 S E T oM 14 MERN, FUERKBH
20 ge MR F M 14 B2 REHBE, UXH#ITRSA.

TEHRRSEN 20, ABESM 12 UREEFE 14 FERT

ZAFHBEEETTAEOBEURFIBERNEIERSE (by-wire
15 system) , HPHMAEGIIATRE. TMEEEE, ZEREHW

AMEE. HNBEE. BIMEBERERERIGRE SR 12 —0,

HEZRFNEEFEM 14 —0. BN, BTEERAREOERESR

12 ftes. thEEREE FM 14 48, FTURA L BRERLHEE

ARMEEFFNTIELEE, TLFRERESRATREF&BIEN
20 KE.

FHAh, WECABREEHRESRD 12 —MARLEG (Fm:
FHRE. KESIMEE. ABS AL, BERE) . UREREEEST
B 14 —RAMEEHE (Bl (R, BRFIHR. WHIZE. B31ES
%) . BEFHRMNESNE, B—HEURE-—E&ERETHER

25 REPL20. HERERM 12 UREFFRM 14 Ha. E5—FH, 4
RENHA ZHE, N2 HARME DR 12 SUERTHEM 14 ftHEf. X%
W s KPR TR SM G TN ERA TS BEVLER, ENE

? EXHIBIT 1002
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MiRHE. RESMRESHMGRBHRLN, JaAkFRETF S kEE
i BER, EWHE. ABS R4 TRSENMFREBHM,
DC/DC Z5#i8s 22 5E—wHMEVTEN M B FESET 24 (TX
W& FRA “ECU” ) AHEHE. ECU24 Xf DC/DC X #hd§ 22 i#iTH#fE, LUE
s THEHZEFHAREDM 12 —M5EEFHb 14 —MZ R BNHE
EEER., BHRITX 16 th5 ECU24 MiEE. BiTFx 16 MIIEERIR
B ECU24 RIFE 2K REENAL 18 EFEMMMIE AR E B 12 EE T
A 14, ECU24 BEEET—/NFAkiiE E N Y 2E— 1 Hib 5N
18 E#, FHIEHIERIT* 16 RIEFEFHHEH B, HF, T0H
10 FTiRAIRMAF##ITITIE.
fE ECU24 EREER —NLIERSENIE 30. TIERSKN S
HE RN R B L TFEVRE. RWESN G EBHIITY EEBEE
EREH T —AHEE. ERREARAZETIAT T HIZHERE. URE
R, HP, WREFLLENEBITERA, WA HEh
15 WMEMERNREEE—MEE WRERLZENREFHTEH,
) ) b7 B R X B A B BEARGEEAT T BR1E. ECU24 #RIE T/ERSHMEE 30
R4 RERAKEFR T L TFEERS BIEREXAZIRS) .
ECU24 BHMPATEH THEHFHLECHEHE, HPHEF IIEY
BRINMNEEREERIEIRE. UBERITNNETNRESE#R
20 ABHRE (ZMEHIETXFERA “THENEZS” ) .
T, B RTEZ RO LER B EH RS 10 #ITHE.
ERZTHS, MRERNMNLETENRESHERT, EHEY
A B KT RN BN B SSM TEALE, NI Y ST
RAbF ST ENN Y TENMG— BERKIINBEERE 12
15 BWIERMRS, RBABTERS. I, MBAEKTFXNEIFTHE
NEHIDAEENE, BEIaATFRET R ARBAENNYST
R — B A M E i 12 BT, AR TERE.

10 EXHIBIT 1002
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b MRS KFRMNSKEBAUER RN ZFBLE, U
WP E it 12 [ &M, FRTHERIFX 16 Kigshil
18 S4B E M 12 &El. 2shil 18 EHEMER 12 Bt
AFIHTERE. FEHBRT, &3l 18 FehRL, FIHLMNEN
s WKREF®ES). —BERMNESNTH. HFHANEE TIERSZSE,
RESAFXNESNEZBRMNERER T S KEBME, Kol
iz TIERE.
LR T TERSE, REERRB 20, APEEHRNE
RIS I REFE B A HEE. BT, HREBI 12 AEAR
10 B 20 AHAABRBEERTRE, AE—MESHL T TERS.
HAh, JBIT DC/DC ZE#ds 22 ST HMAR AN 20 REBBEFITHE, &
AXEEFEM 14 #TRE. HELEMEEFMNRELT TERS.
R AT E FEHEM T AEM, W DC/DC AR#ras 22 B LIERERTIE
SHER FatbmER, BUIMABEE A 12 —MnRE%E Fhath 14
15— EBEERIX,
o, EEBERNICEES). HFEABTERSZE, TERK
AR 0 M TERBE THNEHMANEERLETLTEERK
& BERETHINERE. URFESNER S URRENFEH
BAT TH1E. THEEAMAE. TERSENBZIREERNEERE.
20 FEHHMENIRES., RNENEERNITRERUREERNHE
ZF, AMATIITTSHEENEFINEAHRTEEHE. mRANE A
FHITETHENNEHNEZHELEHE, WEFEFREHAPITE S K
FrMN G KERMEERRI S KT AL ENRE, 3ANEREIB
§. A AkGRBHMBEEIERFLE. Fm, RN TIEREERET
25 FHLRE.
RN TETHEINRHEX THATEIRENELT, 5K
FREFESKEBMNE. B, TRE. SINERNEEURNES

i EXHIBIT 1002
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BIRH£F. LA RN 28 a8 TR & IE ARG DR FE THERS, R

FT, EfIRGEE FaEM 14 #T40td. FESERERRLEL

REBERE—ONMEMESAESNRAE. ABS. MEMRFAE T

RET, FEZRET, AHBEREER 12 ©eil#iTdts, KE;E
s 1 DC/DC ZZ#i 3 22 HEE F et 14 F#ATHE AR,

HETHENEFEX TR RNVEIE, FIHETERSENE
30 RAUMETFTCEHL TRHTEENEBHMLMLE, TERESHMNIE
30 MAMETOTH&MG: MBREFHLLENR GoVEEM, WEHE
FEHIREEI ZTFMN N7 B#%FIT “D” B (IEEHRY) =8 “R” B (%

10 1) HIERMERETCHBN: HNEEERLELLEFHTEANER
T, SARBRREBTCHERT. GRHE, EAKERHETEENE
FIMZHEHENEZHT, TREFRSY K SIS kBB
BHIBHHEEMLE, B34 18 METATHERS, NMERD
Vs, EFTATERS. TXH, B EROEDIEDBRERA

15 “EFED” . SERN, BEEFHEF. BT XEIRNN
B BRIV BRIER A “HED” .

EREXFENTR, N TFREBALHEGINER, ERMNFART
ERSZE, WRERFENRPATTEENLZS. BN, BiFzrs
BlEER AR, TR RMAFETHNTERS, Bk, &3

20 HLREBITEARRY, HFEEREMEETTE.

S FHITTHENERNAL, dTFHAETFARITTEHENES
MRS, RMVEHFEKAREEARE, LS 18 TEH
WE (BFZ. BABEBRESNAEMME) ZEEN. EXFL
T, MRBARANETEEE S/ RETERMMARE A 12

35 [V 18 i, M4AMRE BRE TEEREKH THRAEE
AR E it 12 ST R InE.

@A KERESRL 12 NEERMR ERPRE. BFE

12 EXHIBIT 1002
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AL VSRR T, ZHLRABAMRE DR 12 BHIBRHY
L6, RIS, RAFETESTREA RGN,
ERATE MR, T RIVEFE 2%, Prilsibr fEn
MEK. ER—HH, EXATEENZESINERLT, ARER
s EHEHNN, RIPAETEYICRS, ALt fEmEtin. B,
AT REM R RIER IV MRS, SEREZRRARNEEE
RIERME, SAALFTERIXF R AETE RO B A R AT RAE. ER
—E, ERTEFEN, TREMEEREREE, RAKREE
ERIEth BT, EFERIETERET, U —E R (8 6 R
10 EPITTHEENZS. Bm, AT EBRIERNVEEFES
FrfEsitE, SEMEEERA—MRETEREMNEM, Xfak
MEBEREREFREMELE.
Hfn, wL3prd, MIEZLEG, ERBEHERANTET
RN EEHE (EREEN) , s 18 B E R 12 ftAmEA
15 THERE He, BRAVNERARALFARITH S KERME. HEST
HENES FRARINIE (EFES) , BRFX 16 HIETH
S5&zhHl 18 HEZEM R MR E Bith 12 HHRAEE TR 14, A
M, B 18 HEEFEb 14 HEMBATHERS, HERDIE
ez
20 EREZFNE, BTEFAEINXANERNEERENHNR
&t 12, FTUABMEERER A T, e FEhfRiE R shilaieshtt
fe, ARBTHEEHNENRRANERREERMNES TR 14, BT
CABIfE SR AT T H =R, tWEE AT St 3 &R 3hHl, FIFHEAR
SREHMRERID 12 FmEEL. BN, RE\EZTFEELRETN,
25 BMEXT FRXHERPIFIER: FRELRNIT S KBRIEN I R KR
Nz, URPITZEHENEFAYRNENIIER, thRiaEmE
MRS EHH, BEASFBHRERM 12 FIE0NE.

1 EXHIBIT 1002
Page 1204 0f 2235 petitioner ADC (IPR2024-00577)



03106624. 0 WOl P g10/14;

B 2 PHREERA T —ZE6RFNRE, ZEFELI LR
REAT AR, H R ZEMGIR Gt IZHI RS 10 M ECU24 kih
iT. B2 FiRBIRRFU—ErN B AR R EHIT. SE 2 iam
BIFFFREATR, HEMITHE 100 FHIILFE.

5 B 100 F, ETSHEIERLTAERREN, TERSE
2% 30 MBWTHEVIEHIMEVELMF, RNZEEFEZHEINRN.
R, WRAMBAFTEENENRIN, WEFLER, AmHF
APAT TEAMEFAIIRE. MEF—FTH, MRAKNIFTEEHRENK
Hl, NEZESENFARLE 102,

10 TEAE 102 B, HEEEFHRM 14 WEREBRETRI T —ME
K. BIERFIETEKT. MBRHGERRTER, WA, WR
HETHE 14 NEREHREMR, VALK EEEFHRIE 14 T2
REREIRENEFNNL 18, HELIB AN FRE TIERE. K5, dE#
ANE|PE] 104 .,

15 LT 104 P, BEETFER 14 HEAHSEN 18 HIEZENT
AR, FEREFEMRITR 16, NM{EEE FHIE 14 MESHPL 18 L.
LT 104 F, BEEENN 18 SEWERE FHith 14 BiERPHEEE,
BB THERS, NTTEFEsN KNl JEE 104 FHRSESRE,
RIFeit.

20 MRSE 102 MAKMERETEN, EHEH, EHFRM 14
MERECLBRIIETMENKE, Hm, BFEZEEEFHEM 18
e, Eahl 18 B ARAETHE. FHit, REUMESINETRHHT
ERE. 2R, BEEEERLRE 106,

R 106 F, 5zl 18 HERNBEMHRENERE R

25 12, HXTEHBIFX 16 #TERE, UERERERD 12 mEsil 18
e, ESE 106 P, T/EHAHERE B 12 MESHYL 18 HilXBEE,
FRMYZN TIERESMEREN KNI HPE 106 FHIERERIT

1 EXHIBIT 1002
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TR, BFLL,
HRE 2 IrmiEF, ETEENERFTY R R ERE
SREF, MARAESTHUECERMMNBERL, MWEgENEST
Bth 14, MAREHMREF Bt 12 MEAESNY 18 #1. HT, RIEXLHE
s BRI, AFEWEE AT S KRIFFTFERIOEMRESISTRESD, i
Zhill 18 ieiEeEmith 12 k. SRR, ZEAEETHENZFIN
BEHEMLES, B 18 HEFFREM 14 4.
HERIXFERN R, SRMPARIRESH —# S 238k nER
K, AT E MRS AR HES), BTERBBERERSNHNR
10 EH 12 RIEFHEHYL 18, FrLIEERT REHMRIERSITNENE. 5
bh, HEABTHENZFINEFTENIES, RERANBTEREK
R R 7RI 14 RN 18, BHTEHENEH MBI E
MR RERMDIBILRETEATH (WRHE, BHAMEIRAN) ,
Fr LR s P EMARIE R IV . 54h, EEHENN, BF
15 RASKEEEMNEE TR 14 XENEN 18, FTLIEMER NN
EHEINREBRE, UASMEDRESRM 12 MWL, HUE
HRAE R SNFLAIR BN .
RIE XL RGP HBBEFRE 10, X TRITEHENZHIN
T, RERDNMERS), BaeR/HEERERD 12 RKEK)
20 HLERE. 55, ZBERIERINFERENE EHEN N Bt 5280
R/, ATUHERRENN 18 BB, F, RIEZLHEEIFK
HEEH RS 10, TRERNNENES). TREF RS, #aEn
FEMTR, RIEALSBHRERM 12 MMEEL. Bk, ALl
BT RBRARZUMERRTRA.
25 ERBLLHOINRR D, ETHENEGFRERRRINER
BEES, EHEEFHEM 14 @RS 18 gtafy, M, BTH
MERM 12 EEHENNHASEINN 18 HiERE, LUl EEHE

1o EXHIBIT 1002
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FHE 12 M EHM TR, B, N TFIREERAESRRERM 12 —
Mg EmEE&. SMRE. ABS. IR MBEZSE MY, ANEEFRH
BEFHED 14 RETEFENE, EMMRBRAEERE, AM
REIRIFHBLCNHLE. ERINEFESN, WEHEE B 12
s BMEh THRETRERAMKSS, W b8 Fam 14 £ DC/DC
s 22 RmMHEE. Fm, BB ZIHOINEEHERS, EiT
RNV EFESHET, 7]k 5 AR LT 5K e IR S 5E ) B B M b sl (1
T (B, EME&NPYE. SHEFENERS) , NMETE
Hh AR AE B TAE
10 A, ERIVNEHFEHIET, S&3N 18 EENET FH
ith 14 MEBEESHI TR, B2, X TREERINEGFEM 14 —0
MR (BIanBRE2/FFTRIZE) , BRTHEBERKT —&2Z24, &
IMEE THEFALZIRKEW, HELETE—ETE M EH,
H, MFRBZLEGINRSE, TUEEHTRANEFEHEE
15 B 14 BERE TR
se4h, LSS, MRETHEIIEHA R RSP ER
EHHERES, EEFEh 4HNBERE T TR, WHERE S 12
BAREEFath 14 mEsY 18 i, Em, ERNMEFLEE,
B TEBFoM 14 FREREMAGAEE FHED 14 RTEREK
20 FWLHIED), WEEARRESRL 12 R ES £V, Hik, R
BiZLRGIMEBEEGIRS 10, TBRXFENEREI: BT8R T
Bt 14 MEBERK, RIWTETHREFED.
FEixLiEf, ECU24 KERET: EdERIEHRIX 16, 38
ML, FEERERM 12 mENN 18 e, “JEFHENN, FE
15 BEFR 14 [mESNNL 18 fiE. BhAh, XTEHRZEGZEIHAT
B 2 R BEFP RS E 102, 106 K52,
fEERBSEHGIS, MRBEI THITTHEVESNELE, Wi

16 EXHIBIT 1002
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RN K IF BMRETHENIESIT A RN EF )T
B, EEFhalt 4 MEEHIHTAE, NAHNRE AL 12 X
HEHHL. MRABRE R 12 MBS B 14 FREHRFET, N
BIEPAT T HENIES . EXFREGTELERITTEHRENES: 6

s BMERI 12 5EE RN 14 MBitEEMNBEmBEPHE DI
WHIRTAE.

Hoh, EERFISHEEI S, EERETHENE G RPERE
S, HEBTHEM 14 NERENER, AERERID 12 XiEEs)
RENHL. BRE, EEFHBLGIAT S KEIERT B RIVLE ML)

0 HEF, nRARERD 12 WERERKE. KT —TEMHE, WE
BN THAEE TR 14 RENRIN. EXHEMRITFT, £
YR EMESIET, MESNRESR 12 A THERKMALL
ERVES), B RAEE FRIb 14 RKESHKRNH, HERTTES
BREMXFENEE: B TEBRE TR, TETRERMNNERES.

15 FEZERGIT, JAWHAREDRR 12 WBECS AR, ECU24 T
EMHARERD 12 SEE TR 14 RE, NTHESTFRIB 14
AESNYLAEE.

556, EERBEREIS, RERET RGN BERBTHKN
—H AR E BRI 12 MEE TR 14 [ESI 18 MiEME R

20 BREY, BXHEMAKFABRTRRNEE. CATHLENSHK
BATHINE, HENSEFIwmh BB, Eitbhd R atbai.

teah, EERMLHGIT, REEAEEFHEE 14 EARBE
ERK. BREFERAENE, BRI RARSAREEEHNRS
T R

25 556, £ ERKFIRBIELEG T, MREREY RS KIFRE
HTERMNBEEME, WHAHERERM 12 MLzl 18 i, FH
BANTERSTR AN, TTNHTXENERT: EEEHRER

17 EXHIBIT 1002
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B GRETIRIE, MRIKB 7TEMUNE, HAHBNABREBR® 12
w18 e, FHHABTHERS, #EMENEHH, HF,
PR AE REET — LB RRBITH, FRTEBREEERER R
FEN - EEXREE LR —NH— 8B TZABTH,

18 EXHIBIT 1002
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&i\\\\\\\\\\\\%\i\&x\\ Espacenet
W02013015538A1 BATTERY MORULE HAVING IMPROVED RELIABILITY AND MID-TO-LARGE BATTERY PACK
COMPRISING SAME

Applicants: LG CHEMICAL LTD (KR}, ROH TAEHWAN [KR],CHOI JUNSEOK [KR},JANG MIN CHUL KR],SHIN IN CUR
IKRLLEE JIN KYU [KR]KANG DALMO [KR}KIM YOJIN [KR]KIM SEONGTAE [KR],KIM TAEHYUCK KR}

Inventors: ROH TAEHWAN [KR],CHOI JUNSEOK {KR]LJANG MIN CHUL [KR].SHIN IN CUR [KRLLEE JiN KYU [KR]KANG
DALMO [KR],KiM YO.JIN [KR], KIM SEONGTAE (KR} KIM TAEHYUCK [KR]

Ciassifications:
iPC MHOTR2/50; HOTRT2/28,; NI/ 38;

cPe HO1M50/20 (EB.ON,US); HO1MS0/258 (EP,US); HOTMB0/543 (EB.CN,US); HO1MS50/578 (EP.CN,USY;
HO1ME/48 (EB.CN,US); HOTM2220/20 (EP,CN,US); HOTM4/861 (EP,US); HOTMA/667 (EPUS),;
HOTMB0/10 (EP.CN,US); HOTM50/502 (EP,US);

Priorities: KR20110073485A 2011-07-25
Application: KR2012005320W-2012-07-05
Publication: WO02013015538A1-2013-01-31

Published as: CN103888381A; CN1036883581B; EP2738838A1; EP2Z738838A4; EPZ738838B1; JP20145238234;
JP588712182; KR101305250R1; KR201300125474; US2014127550A1; UiSB48854282; WO2013015538A1

BATTERY MORULE HAVING IMPROVER RELIABILITY AND MIR-TO-LARGE BATTERY PACK COMPRISING SAME
Absiract

The present inveniion provides a battery moduie having a plurality of battery celis in sheet-form which are sequentially
faminated, in which the hatiery module is formed from two or more hexahedral cell units, laminaled and connecled in series, and
the cell unit consists of two or more baitery celis connected in series, and adhered ta each other. Elecirede termiinals {outermost
electrode terminais) of the outermast battery celis from among the celi units are connecled to an external inputfouiput terminat of
the battery module, and have wider vertical cross-sectional areas than remaining the electrode terminals of the batlery celis so
that a break due o an externai impact can be prevented.
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(19) BXERWRF (P WA XIFFDXBAN (1) B EFARES
$$%2014-523623
(P2014-5236234)
) AkE THR26HE9E11H(2014,9.11)
(51) Int.Cl. F 1 F—7aA—F (H%H)
HO1M 2/30 (2006.01) HO1M 2/30 C 5HO11
HO1TM 2/10 (2006.01) HO1M 2/10 M 5HO040
HO1M 2/08 (2006.01) HO1M 2/06 K 5HO04 3
HO1IM 2/2 (2006.01) HO1M 2/20 A
HO1M 2/02 (P008.01) HO1M 2/02 K
FEFAR F THREZHER RXHK (217 8)
@) HEBEEs 5 /E2014-520116 (P2014-520116) |(71) HBEA 500239823
(86) (22) HREH FRR24FETASH (2012.7.5) IND— - HFL-YIFwE
@5 BISRCIRME  FR26F1AL4H (2014.1.14) ABREE- VYL -3 Re E-— . 3
Qo) ERZ LSS PCT/KR2012/005320 f-Fo-12%8
87 EELMES  ¥02013/015538 (74) fRIB A 100110364
87 EELME FEg255E] A31H (2013.1.31) £#B+ FIL Bk
Gl BWEAREHRES 10-2011-0073495 (74 fRIB A 100122161
(32) ®%H FERR23FETA25H (2011.7.25) B+ BE &
(33) WEETERE BEKR (Q)RHAE F7r>.n

ABRRE-T>Y=22-302-749-Vv
- -wrAtar - 3-F- (B
L) - #E7-72¥=p-101—-409

BAEE IR

G4 [EADEF] FEEOMELAEBHEY 2 — ARV hERALAABEM/ v >

(657 [E#]

AR, ERORIKEBHUVMIERCRBINT
WBREMET 12— ThHoT. RIELEMES 12—k,
2O FOBEAKROEIN Ay PR ENRETE
FhESE T WM x> TR, At =y b3,
2 DU PO LA E WIS Ui REE CEYEAE X
n-EgIck-ThY, fiidtlazy b3 s, Bt
flcEE X hicEb)VoBHRF (SRS T) =_n 42
AEBIES 2 —IVONSA DR T L EEEINTED, '
WA KBTI AEKIET R XS, BOBEMEILOS
H AR TREHEENLL B> TWETBHEY 4
—IERHT B,
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(FraFds koo ®H]

(GEkm 1]

HEOKRKBEMECLVAIERCEBEENTVWE2BEMM TV a—VTH-> T,
fidEMETa -, 22U LOEAKDOEL Iy PABBEINT-RETEYER
EhreBiEick-oTEb,

ity b, 22O LB ELDPEVRES LI-KETEYIEE SN -HEE
x> TEHED,

fiidla=v bD5E, BAMICEBEESE LB )VOERE 7 (B A1EERE )
BEME 2 —NVOABABOHIR FEAEBEINTEY, AHhickdBlAzZWhIET 3 L5
W, ROBHENDOERBFCHXRTEENOEN LS E->-TW32LE2RHELETSZ. & 10
e 22—,

(§km 2]

MERNEERTFOEENEGMEE. BoEMLILIO0ERBRFOEAHTDEZEEIC
LOBZESOO0O%DREEILHE> TR LERMLET S, FRKEIIKEHEOEE Y
a—J.

(FREKIH 3]

MamAflEmii rid. BROBEMELILVOERE FICHANTEINEIDRKZTVI L ZRHY
LT3, FRRIIKEHEOEMEY 2 — ),

[FEKE 4]

sl RANERE FId. ABAHNIB FEEEININAN—LCEEENR TSR 20
B#HMed s, ERKAlLICERBROEMMEY 22—,

(F5KIH 5]

MARNEEE FOEIER. BOBHEILOERIFEFOESEZRREIC L 20%/WE3
O0%DRKEEIRE-S>TVIZILZHMLETE, BRE3ZCKEKOEMEY 2 — ),

(FEKIE 6]

Bl VOERBFIE. 7TLVIZ0LohZERBKEFE. Z v 5V AV F#MMDE
T5EMB T THRINZCLE2RMLT S, BRBI1IICEZEDOEWMEY 2 — 1L,
(d5RIEH 7]

AT FORETRACEEBK FOET LIV RETVCLERME TS, FRESIK
HHoBHEY 02—, 30
(REKkE 8]

MEEAERE O b, ERBFOEIFARBKE TOEI IO RKETVWT LE2RHHY
TS, FRALICEEODEMEY 22—,

(k| 9]

M RAUERIE OS5 B, FERKFOEIERO. 3/5E0. 5mmTHH., ARG F
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USB OUTLET CHARGER

FIELD OF THE INVENTION
The present invention relates to an electrical power outlet in a building such as a hotel, office or home.
In a particular form, the invention relates to a power outlet providing an interface for charging

Universal Serial Bus (USB) compatible devices.

PRIORITY
The present application claims priority from Australian Provisional Patent Application No.
2010905218 entitled “USB Outlet Charger” filed on 25 November 2010.

The entire contents of this document are hereby incorporated by reference.

BACKGROUND OF THE INVENTION

Many electronic devices such as mobile phones, mp3 players and digital cameras are charged through
USB ports in either a computer or a USB Alternating Current (AC) adaptor which may be plugged
into a wall socket or power outlet. Charging device$ through a USB port on a computer requires the
computer to be switched on and also prevents other peripheral devices such as mice and memory
devices from accessing the port while in use. By using a USB AC adaptor the electronic device may
be charged at a wall socket or power outlet, One portion of the adaptor has AC prongs which engage
into AC receptacles of the wall socket while another portion of the adaptor has a USB port to interface
with a USB connector of an appliance or electronic device to be charged. The disadvantage with this
arrangement is that the USB AC adaptor is a separate component that must be purchased and carried
around and also that the AC prongs will only be suitable for a particular country or region. This leads
to another drawback with using USB AC adz;ptors in foreign countries, namely that additional AC

adaptors are necessary to engage with sockets found in different areas around the world.

There are also USB wall outlets wherein the USB charger is integral with the power outlet. Having the
USB charger-integral with the power outlet can lead to increased complexity during installation and

costly repair and replacement of parts.

An object of the present invention is to ameliorate one or more of the above described difficulties or at

least provide a useful alternative for charging USB compatible devices.

Other advantages of the present invention will become apparent from the following description, taken
in connection with the accompanying drawings, wherein, by way of illustration and example, several

aspects and embodiments of the present invention are disclosed.

1
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SUMMARY
In one aspect of the invention, there is proposed a Universal Serial Bus (USB) charging module
housing adapted for securement to a surface mountable power outlet, the housing including:
an engaging portion for connecting the housing to a supporting portion of the power outlet;
access means to allow a USB charging circuit to be inserted into the housing; and

an aperture for allowing external access to a USB port.

In one form, the USB charging module housing further includes at least one aperture for receiving

wires carrying mains power.

In one form, the access means to allow the USB charging circuit to be inserted into the housing is

provided by an aperture in an external face of the housing.
In one form, the aperture is covered by a removable portion.

In one form, the removable portion includes at least one aperture for receiving wires carrying mains

power,
In one form, the supporting portion of the power outlet is an integral portion of a grid or face plate.

In another form, the supporting portion of the power outlet is. located in a mounting plate that is

adapted to be connected to the rear of a grid or face plate.

In one form, the housing is connected to the supporting portion of the power outiet from the front of

the grid or face plate.

In one form, the housing is connected to the supporting portion of the power outlet from the rear of the

grid or face plate.
In one form, the engaging portion of the USB charging module housing includes a plurality of clips
extending outwardly from one or more exterior faces of the housing, said clips for engagement with

one or more surfaces of the supporting portion of the power outlet in a snap fit arrangement.

In one form, the clips have a tapered front face and a substantially vertical rear face.
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In one form, the USB charging module housing has an aperture located on the front face of the

housing for allowing external access to a USB port.

In a further aspect of the invention there is proposed a USB charging module adapted for securement
to a surface mountable power outlet, the charging module including:

a USB port;

a USB charging circuit that is capable of receiving a mains power input;

a housing, said housing including an engaging portion for connecting the housing to a
supporting portion of the power outlet; access means to allow the USB charging circuit to be inserted

into the housing and an aperture for allowing external access to the USB port.

In one form, the USB charging module includes a USB charging circuit with a printed circuit board
(PCB).

In one form, the USB charging module includes a plurality of wires that are soldered directly to the

PCB for connection to mains power either directly or via a switch.

In another form, the USB charging module includes a terminal block mounted on the PCB for

connection to wires carrying mains power either directly or via a switch.
In other embodiments, there are provided screwed terminals for wire termination.

In a further aspect of the invention there is proposed a surface mountable power outlet for allowing a
user to charge a USB compatible device, the power outlet including:

a supporting portion;

a USB charging module including a USB port; a USB charging circuit that is capable of
receiving a mains power input; a housing, said housing including an engaging portion for connecting
the housing to ihe supporting portion of the power outlet; access means to allow the USB charging
circuit to be inserted into the housing and an aperture for allowing external access to the USB port;

a grid or face plate adapted to allow a user to access the USB port;

a connection between the USB charging module and mains power; and

mounting means for mounting the power outlet to a mounting surface.
In one form, the mounting surface is a wall or floor.

In one form, the power outlet further includes a cover plate.
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In one form, the mains power is between about 100-240V alternating current (AC).

In a further aspect of the invention there is proposed a method of installing a power outlet for allowing
a user to charge a USB compatible device as herein described, comprising the steps of:

connecting the engaging portion of the USB charging module housing to the supporting
portion of the power outlet;

connecting the mains power to the USB charging module; and

mounting the power outlet to the mounting surface.

In a further aspect of the invention there is proposed a method of installing a power outlet for allowing
a user to charge a USB compatible device as herein described, comprising the steps of:

connecting the engaging portion of the USB charging module housing to the supporting
portion of the power outlet;

connecting the mounting plate to the rear of a grid or face plate.

connecting the mains power to the USB charging module; and

mounting the power outlet to the mounting surface.

In one form, the power outlet is attached or mounted to the mounting surface by fastening the grid or

face plate to the surface by screws.

It will be understood that the term “comprise” and any of its derivatives (e.g. comprises, comprising)
as used in this specification is to be taken to be inclusive of features to which it refers, and is not

meant to exclude the presence of any additional features unless otherwise stated or implied.

The reference to any prior art in this specification is not, and should not be taken as, an
acknowledgment or any form of suggestion that such prior art forms part of the common general

knowledge of the technical field.

DRAWINGS

Various aspects of the present invention will be described in detail with reference to the following
drawings in which:

FIGURE 1 is a front perspective view of a USB charging module housing according to a first aspect of
the present invention;

FIGURE 2 is a rear perspective view of the USB charging module housing of Figure 1;

FIGURE 3 is a detailed view of part of an engaging portion of the USB charging module housing as

shown in Figure 1;
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FIGURE 4 is a view of a removable cover that fits into the rear opening of a USB charging module
housing;

FIGURE 5 shows an embodiment of a supporting portion of a surface mountable power outlet adapted
to engage with a USB charging module housing;

FIGURE 6 is a detailed view of the mating interface of the supporting portion shown in Figure $;
FIGURE 7 is a perspective view of a USB charging module according to an embodiment: of a second
aspect of the present invention;

FIGURE 8 is a perspective view of a USB charging module according to another embodiment of the
second aspect of the present invention;

FIGURE 9 is a side view of the USB charging module shown in Figure 8;

FIGURE 10 is an end orrear view of the USB charging module shown in Figure 7 (wires not shown);
FIGURE 11 is a view of a USB charging module engaged with a grid or face plate of a surface
mountable power outlet according to an embodiment of the present invention;

FIGURE 12 is a view of a USB charging module engaged with a grid or face plate of a surface
mountable power outlet according to another embodiment of the present invention,

FIGURE 13 is a surface mountable power outlet according to an embodiment of a third aspect of the
present invention;

FIGURE 14 shows a surface mountable power outlet according to another. embodiment of the third
aspect of the present invention;

FIGURE 15 is a circuit schematic depicting an embodiment of the AC mains voltage step down and
regulation component of the USB charging circuit;

FIGURE 16 is a circuit schematic of a power conditioning circuit with a DC-DC conveﬁer to regulate
the current and voltage suitable for the USB charging module;

FIGURE 17 is a top view of a USB charging circuit adapted to fit inside the USB charging module
housing of Figure 1;

FIGURE 18 is a perspective view of the USB charging circuit as shown in Figure 17;

FIGURES 19a-19c depict a sequential series of views of a method of installing a USB charging
module to a surface mountable power outlet according to a fourth aspect of the present invention; and
FIGURE 20 shows a flow diagram illustrating a general method of installing a USB charging module
into a surface mountable power outlet according to a fourth aspect of the present invention.

FIGURE 21 is a perspective view of an embodiment of a USB charging module suitable for front
entry engagement with a power outlet.

FIGURE 22 is a section view through A-A of the engaging portion of the USB charging module
housing of Figure 23;

FIGURE 23 is a front view of the USB charging module housing as depicted in Figure 21;

FIGURE 24 is a section view B-B of the supporting portion of the grid or face plate depicted in Figure
25;
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FIGURE 25 is a front view of a grid or face plate suitable for engagement with the USB charging
module of Figure 21;

FIGURE 26 shows the USB charging module of Figure 21 to be connected from the front of the grid
or face plate according to an embodiment of the present invention; and

FIGURE 27 shows the USB charging module of Figure 21 to be connected from the front of the grid

or face plate according to another embodiment of the present invention.

In the following description, like reference characters designate like or corresponding parts throughout

the several views of the drawings. -

DESCRIPTION

Referring now to Figures 1-4, there is shown a USB charging module housing 10 according to a first
aspect of the present invention. The housing 10 has an aperture 12 through a front face 11 that is large
enough to provide access for a USB connector to plug into a USB port or socket 50 enclosed within
the housing (see Figure 7). At the rear of the housing 10 (see Figure 2) is an opening or aperture 13
which enables access for inserting a USB charging circuit 60 (see Figure 7) into the housing 10.
Although this embodiment shows the rear of the housing as being open to provide an access means for
the USB charging circuit 60, it is possible that the opening 13 could be located on a different face and
may constitute an entire face or a part thereof. Figure 4 shows a removable cover 20 that engages with
the rear of the housing 10 to substantially seal the enclosure from dust and ingress. The removable
cover 20 has angled clips 26 and 27 that engage into mating apertures 16 and 15 respectively of the
housing 10 in a snap fit arrangement. The lip of the angled clips 27 are inserted directly into apertures
15 and then the cover 20 is closed by applying force proximate the clips 26 until they snap into
apertures 16. The clips 26, 27 are flexible and resilient so that they may bend sufficiently to allow

fitment into the apertures 15, 16 whereupon they retum to their undeformed positions.

In one embodiment, a feature of the housing 10 is the clip iriterface comprising four clips 14 that are
positioned around the four side faces of the housing 10. These clips form an engaging portion that
connects the housing 10 to a supporting portion 30 (see Figure 5) of a surface mountable power outlet.
The supporting portion 30 may be integral with a grid or face plate of the power outlet or located on a
mounting plate that is adapted to be connected to the rear of a grid or face plate. Figure 3 shows a
detailed view of a clip 14, in particular illustrating a type of clip with a tapered front face 14b and
substantially vertical rear face 14a. These clips are designed to engage with the mating interface 34 of
the supporting portion 30 which is most clearly illustrated in Figure 6. Figure 6 shows detail of a
typical mating inte'rface 34 which will connect to a USB charging module housing 10. As the housing
10 is inserted into the supporting portion 30, the tapered surface 14b of the clip 14 will engage a

corresponding tapered surface 35 of the supporting portion 30. As more insertion force is applied, the
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clip 14 will deflect slightly as it passes the vertical surface 37 of the supporting portion 30. The
substantially vertical rear face 14a of the clip 14 will eventually pass the lowest point of the vertical
surface 37, upon which it reaches the recessed horizontal surface 36 of the supporting portion 30. The
compression force acting on the clip 14 is then released and it deflects back to its undeformed position
and the substantially vertical rear face 14a engages in surface to surface contact with the horizontal
recessed surface 36 of the supporting portion 30 to thereby retain housing 10 to the supporting portion
30. In the embodiment shown in Figure 5, the supporting portion 30 has only two mating interfaces 34
requiring that only two of the four clips 14 be used to connect the housing 10 to the supporting portion
30. In practice, two or more of the clips 14 may be used to secure the housing, and the supporting

portion 30 may also have two or more mating interface 34.

Referring now to Figure 7, there is shown a USB charging module 40 according to an embodiment of
a second aspect of the present invention. Enclosed inside the housing 10 is a USB port 50 and a USB
charging circuit 60. Wires 70, 71 to be connected to mains power are soldered directly onto a printed
circuit board (PCB) 62 of the charging circuit 60 (see Figure 16). The wires 70, 71 exit the housing 10
through apertures 22 located through the removable cover 20 (see Figure 10). During installation these
wires may be connected to mains power either directly or via a switch. In other embodiments, there

may be simply provided screwed terminals for wire termination instead of a terminal block.

Referring now to Figures 8 and 9, there is shown a USB charging module 80 according to another
embodiment of the second aspect of the present invention. Enclosed inside the housing 10 is USB port
50 and USB charging circuit 60 with a terminal block 65 to be connected to mains power. During
installation, wires carrying mains power either directly or via a switch are connected to the terminal
block 65 to power the USB charging circuit 60. The wires enter the housing 10 through apertures 18

located on one side of the housing 10.

In the USB charging module embodiments described above, the power input to the module is mains
power (also known as household, supply or grid power) supplied between about 100-240V alternating -
current (AC). The USB charging circuit 60 regulates the voltage and steps it down to a usable 4.75-

5.25V direct current (DC) which is typically required to charge many electronic devices.

Referring now to Figures 11-14, there are shown various embodiments of the USB charging module
40 or 80 connected to a grid or face plate of a surface mountable power outlet. Figure 11 shows USB
charging module 40 engaged with a supporting portion 30 which is integral with a grid or face plate
100. In one example, the supporting portion 30 is integrally machined into the grid or face plate 100
during manufacture. In other embodiments, the supporting portion 30 is provided as a separate piece

and is attached to the grid or faceplate during or before installation. The grid or face plate 100 can be
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constructed from plastic, metal or any other suitable materials. Figure 11 shows a grid or face pl.ate
100 with two apertures 102 (only one visible in this view) capable of receiving switches or other
electrical connectors in addition to USB ports. Further, as the USB charging module is modular in
design, it can always be easily interchanged for a switch or other desired user interface. The grid or
face plate 100 shown in Figure 11 may be adapted in many ways such as providing for AC receptacles
as commonly found in most household power outlets. The grid or face plate 100 is fastened to a wall
by screws or other suitable fasteners through mounting lugs 101. These may be arranged in any

suitable position on the grid or face plate 100 and may vary in quantity.

Figure 12 shows a USB charging module 80 engaged with a supporting portion 30 located in a
mounting plate 200 that is adapted to be inserted into the rear of a grid or face plate 110. In this
arrangement the supporting portion 30 is integrally machined into mounting plate 200. Such a
mounting plate 200 (also known as a base or base plate) in standard power outlets, commonly includes
electrical contacts for AC receptacles, switch mounting and terminals to connect mains power wiring.
The mounting plate 200 is designed to be received by the rear of a grid or face plate 110. As shown in
Figure 12, the mounting plate 200 is fastened to the grid or face plate 110 by screws at mounting

positions 201. The grid or face plate 110 is mounted onto a wall by screws at mounting locations 111,
112. ‘

Figure 13 more specifically shows a surface mountable power outlet 500 according to a third aspect of
the present invention allowing a user to charge USB compatible devices. In this arrangement the USB
charging module 40 or 80 is connected to a supporting portion 30 that may either by integral with the
grid or face plate or located on a mouriting plate adapted to be connected to the rear of the grid or face
plate. In this embodiment the power outlet 500 has a pair of switches and AC receptacles in addition to
the USB charging module 40 or 80. A poweroutlet 500 such as this allows a user to plug in normal
AC type connectors with power switched on or off and advantageously also prc;vides a user with
access to a USB port 50 for charging electronic devices. If the USB charging module 40 or 80 is wired
directly to mains without a switch then the charging module 40 or 80 is constantly connected to mains
power so that when a user connects their device into the USB port; charging will begin automatically.
If the USB charging module 40 or 80 is wired to mains via a switch, then power will not be drawn
until the user engages the switch to an “ON” position. As shown in Figure 14 in another embodiment
of a wall mounted power outlet 510, there is a USB charging module 40 or 80 provided additionally
with LED status lights 55 that indicate whether the device connected to the port is charging or not. In
both Figures 13 and 14 there is also shown a cover plate 90, 91 that is adapted to fit around the
periphery of the power outlet. The cover plate 90, 91 us'ually snap fits around the grid or face plate and

is provided primarily for aesthetics when the power outlet is mounted to a surface such a wall or floor.
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It will be appreciated by those skilled in the art that the surface mountable power outlet embodiments
illustrated in this text are by no means limiting to how the invention may be performed. The geometric
arrangement of switches, AC receptacles, USB ports or other network connection ports may be
customised to suit a particular application. The supporting portion 30 also need not necessarily be
limited to being an integral portion of a grid or face plate or located on a mounting plate. adapted to be
inserted into the rear of a grid or face plate. The supporting portion 30 could be mounted or machined
into almost any structure, including a box or other structural housing. Further, the engaging portion of
the USB charging module housing and supporting portion of the power outlet may be designed with
alternative interfaces to the clip arrangement shown which achieves the principle aim of the invention
in providing a modular USB housing which is a&apted to be installed in a surface mountable power

outlet thereby allowing a user to charge USB compatible devices.

Referring now to Figures 15-19, there is shown the USB charging circuit 60 that receives a 240V AC
mains power input and provides a 5V DC output to the USB port 50, suitable for charging USB
compatible electronic devices. The USB charging circuit 60 comprises the following stages. In the first
stage, shown in Figure 15, the 240V AC mains input is first stepped down using a transformer 61 to
reduce the high AC voltage to a low AC voltage (e.g. 15V, 1.2A). This stepped down AC voltage is
then passed through a rectifier circuit 63 (e.g. bridge rectifier) that outputs a full wave varying
rectified voltage shown as the outputacross load R,.. As shown in Figure 16, this varying voltage is
then smoothed with a capacitor to produce a relatively smooth DC voltage with a small ripple. A
voltage regulator (e.g. 7812 Integrated Circuit (IC)) is then used t‘o output a regulated 12V DC output

as will be understood by the person skilled in the art.

In the second stage, an embodiment of which is shown in Figure 16, a DC-DC converter (e.g. Texas
Instruments TPS40210 current mode boost controller) is then used to regulate the output suitable for
the USB charger. The TPS40210 implements a DC-DC single-ended primary inductance converter
(SEPIC) with input and output current regulation, as well as output voltage regulation implemented by
closed loop feedback control. The TPS40210 ensures that the output voltage of the USB charger is
between about 4.75 and 5.25 V (nominally 5V DC) with an operating current of about 1A and also
prevents overcharging. The voltage input in Figure 16 is the regulated 12V from the first stage, which
is converted to a regulated 5V DC voltage output by the circuit shown. It should be understood that
this is just one example of how a USB charging circuit may be implemented and any other suitable

circuit arrangement may be used.

Referring specifically to Figures 17 and 18 there is shown an embodiment of the physical circuit

layout of the USB charging circuit 60. A double layered PCB 62 is used which provides a compact
9
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and efficient way to house all of the components inside the housing 10. On one layer of the PCB 62
there is mounted the USB port 50, an optional terminal block 65 and the circuit components for the
AC mains voltage step down and first stage regulation (including transformer, capacitors, 7812 IC
voltage regulator and rectifier circuit). On the second layer of the PCB 62 there is provided the power
conditioning circuitry for the USB charger output (including the TPS40210 and various other

capacitors, inductors, resistors and diodes).

In other embodiments, there is provided 2 or 3 or more PCBs over which the circuit components are

arranged, rather than (or as well as) a double layered arrangement.

Referring now to Figures 19a-19c¢ there is shown a sequential series of views of a method of installing
the USB charging module 80 to a surface mountable power outlet according to a fourth aspect of the
present invention. In this embodiment, the mounting surface is a wall 90. In Figure 19a there is shown
the step of connecting the engaging portion of the USB charging module housing 10 to a supporting
portion 30 of the power outlet. Figure 19a shows the USB charging module 80 already having been
engaged with the supporting po}tion 30. Figure 19b illustrates the next step of connecting the mains
po»;/er to the USB charging circuit 60. The USB charging module 80 and grid or face plate assembly is
held in close proximity to a wall opening where the power outlet is to be located. The wiring from the
mains (typically active and neutral wires, with earth optional) is physically connected to the USB
charging circuit 60. The particular embodiment illustrated in Figures 19a-19c shows a USB charging
module 80 with a terminal block 65 for terminating the mains wires. The final step in the installation is
to attach or mount the power outlet to the wall 90 as illustrated in Figure 19¢c. The grid or face plate is
held flat against the wall 90 and screws or other suitable fastening means are inserted through
mounting apertures in the grid or face plate and fastened securely to the wall 90. In another example,

the USB charging module 40 may be connected using wires 70, 71 as previously described.

Figure 20 illustrates a flow diagram of a method of installing the USB charging module 40 or 80 to a
surface mountable power outlet. In step 600, the installer begins with the USB charging module. In
step 601, the engaging portion of the USB charging module housing 10 is connected to the supporting
portion 30 of the power outlet. In step 602, a determination is made as to whether the supporting
portion is located in a mounting plate that is not integral with the grid or faceplate. If the supporting
portion 30 is integral with the grid or face plate, the mains power is connected to the USB charging
circuit 60 and the power outlet is attached or mounted to the mounting surface (which may be a wall
or floor or other appropriate surface) in step 604. If the supporting portion 30 is located in a mounting
plate that is not integral with the grid or face plate, then there is an additional step 603 of connecting

the mounting plate to the grid or face plate.

10
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In step 605, the installer then connects the AC mains power to the USB and then in step the power
outlet assembly is mounted or attached to the mounting surface such as the wall 90 or a floor. In step

606, the resulting product of the method is a surface mounted USB power or charging outlet.

Once installation is complete, the power outlet provides an interface to charge USB compatible
devices. The USB charging module 40,80 receives a mains input power between about 100-240V AC
and converts this to a regulated 5V DC output suitable for charging USB compatible electronic
devices. The modular housing 10 enables the power outlet to have interchangeable interfaces to suit
operational requirements. The USB charging module 40,80 may be removed from the power outlet

and replaced with a switch or any other interface without having to replace the entire power outlet.

Referring now to Figures 21-27, there is shown a further embodiment whereby the USB charging
module 40,80 is connected to the supporting portion 130 of a grid or face plate 120 of a surface
mountable power outlet from the front thereby providing a ‘front entry’ insertion option. Whereas
previously described the USB charging module 40,80 is connected into a supporting portion 30 in the
rear of the grid or face plate, it is also desirable to be able to insert the module from the front of the
grid or face plate. It will be appreciated that this connection may be facilitated in many ways, an
example of which is shown in Figures 21-27. Figure 21 generally shows a USB charging module
40,80 which can be connected to mains power as previously described. In one forn, the module may
have a clip interface comprising clips 18 as shown in more detail in Figures 22-23. Figure 23 is a front
view of a USB charging module housing 10 showing the location of two clips 18 suitable for front
entry connection of the module. Figure 22 is a sectional view through A-A of Figure 23 providing
detail of a possible clip arrangement. This clip arrangement allows the housing 10 to engage with a
supporting portion 130 of a grid or face plate 120 as shown in Figure 25. Figure 24 shows as a
sectional view through B-B of Figure 25 which generally shows the supporting portion 130 in more
detail. The housing 10 of the USB charging module 40,80 is inserted through aperture 132 of the
supporting portion 130. The clip arrangement facilitates a snap-fit connection between the clips 18 and
the supporting portion 130. As the module is inserted into the grid or face plate, the resilient cl'ips 18
bend slightly as force is applied such that the outer most surface 18b of the clips 18 can pass the inner
most surface 133 of the supporting portion 130.0Once engaged, surface 19 of the housing 10 mates with
recessed surface 131 of the supporting portion 130 and surface 18a of the clips 18 is in contact with

surface 134 of the supporting portion 130.

Figures 26-27 show exploded views of the USB charging module 40,80 and grid or face plate front
entry installation. Figure 26 shows a grid or face plate 120 with two apertures 132 which enables more
than one USB charging module 40,80 to be inserted. Figure 27 shows a grid or face plate 140 with a
single aperture 132 for receiving a USB charging module 40,80 from the front. In addition, Figure 27

11
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shows a cover plate 145 that is attached or mounted to the grid or face plate after the USB charging
module 40,80 has been connected and screws 146 for attaching or mounting the grid or face plate to a

surface such as a wall or floor.

Although various illustrative embodiments of the present invention have been described in the
foregoing detailed description, it will be understood that the invention is not limited to the
embodiments disclosed, but is capable of numerous rearrangements, modifications and substitutions

without departing from the scope of the invention as set forth and defined by the following claims.

12
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CLAIMS:

A Universal Serial Bus (USB) charging module housing adapted for securement to a surface
mountable power outlet, the housing including:

an engaging portion for connecting the housing to a supporting portion of the power
outlet;

access means to allow a USB charging circuit to be inserted into the housing; and

an aperture for allowing external access to a USB port.

The housing according to claim 1 further including at least one aperture for receiving wires

carrying mains power.

The housing according to claim | wherein the access means is provided by an aperture in an

external face of the housing.
The housing according to claim 3 wherein the aperture is covered by a removable portion.

The housing according to claim 4 wherein the removable portion includes at least one aperture

for receiving wires carrying mains power.

The housing according to claim 1 wherein the supporting portion of the power outlet is an

integral portion of a grid or face plate.

The housing according to claim 1 wherein the supporting portion of the power outlet is located

in a mounting plate that is adapted to be connected to the rear of a grid or face plate.

The housing according to claim 1 wherein said housing is connected to the supporting portion

of the power outlet from the front of the grid or face plate.

The housing according to claim 1 wherein said housing is connected to the supporting portion

of the power outlet from the rear of the grid or face plate.

The housing according to any one of the preceding claims wherein the engaging portion
includes:

a plurality of clips extending outwardly from one or more exterior faces of the
housing, said clips for engagement with one or more surfaces of the supporting portion of the

power outlet in a snap fit arrangement.

13
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12.

14.

16.

17.

18.

The housing according to claim 10 wherein the clips have a tapered front face and a

substantially vertical rear face.

The housing according to any one of the preceding claims wherein the aperture for allowing

external access to a USB port is located on a front face of the housing.

A Universal Serial Bus‘(USB) charging module adapted for securement to a surface
mountable power outlet, the charging module including:

a USB port;

a USB charging circuit that is capable of receiving a mains power input;

a housing, said housing including an engaging portion for connecting the Housing toa
supporting portion of the power outlet; access means to allow the USB charging circuit to be

inserted into the housing and an aperture for allowing extemal access to the USB port.

The USB charging module according to claim 13 wherein the USB charging circuit includes a
printed circuit board (PCB).

The USB charging module according to claim 14 wherein a plurality of wires are soldered

directly to the PCB for connection to mains power either directly or via a switch.

The USB charging module according to claim 14 wherein a terminal block is mounted on the

. PCB for connection to wires carrying mains power either directly or via a switch.

The USB charging module according to claim 14 wherein there are provided screwed

terminals for wire termination.

A surface mountable power outlet for allowing a user to charge a USB compatible device, the
power outlet including:

a supporting portion;

a USB charging module including a USB port; a USB charging circuit that is capable
of receiving a mains power input; a housing, said housing including an engaging portion for
connecting the housing to the supporting portion of the power outlet; access means to allow
the USB charging circuit to be inserted into the housing and an aperture for allowing external
access to the USB port;

a grid or face plate adapted to allow a user to.access the USB port;

a connection between the USB charging module and mains power; and

14
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20.

21.

22.

23.

24.

25.

26.

27.

mounting means for mounting the power outlet to a mounting surface.

The power outlet according to claim | 8 wherein the supporting portion is an integral portion

of the grid or face plate.

The power outlet according to claim |8 wherein the supporting portion is located in a

mounting plate that is adapted to be connected to the rear of the grid or face plate.

The power outlet according to claim 18 wherein the USB charging module housing is

connected to the supporting portion from the front of the grid or face plate.

The power outlet according to claim 18 wherein the USB charging module housing is

connected to the supporting portion from the rear of the grid or face plate.
The power outlet according to claim 18 wherein the mounting surface is a wall or floor.
The power outlet according to claim 18 further including a cover plate.

The power outlet according to claim 18 wherein the mains power is between about 100-240V

alternating current (AC).

A method of installing a power outlet for allowing a user to charge a USB compatible device,
the pbwer outlet according to claim 18, comprising the steps of:

connecting the engaging portion of the USB charging module housing to the
supporting portion of the power outlet;

connecting the mains power to the USB charging module; and

mounting the power outlet to the mounting surface.

A method of installing a power outlet allowing a user to charge USB compatible devices, the
power outlet according to claim 20, comprising the steps of:

connecting the engaging portion of the USB charging module housing to the
supporting portion of the power outlet;

connecting the mounting plate to the rear of a grid or face plate;

connecting the mains power to the USB charging module; and

mounting the power outlet to the mounting surface.
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28. The method of installing a power outlet according to any one of claims 26 or 27 wherein the
power outlet is mounted to the mounting surface by fastening the grid or face plate to the

surface by screws.
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LIQUID LEAKAGE PROPAGATION RESTRAINING STRUCTURE FOR ELECTRICITY STORAGE DEVICE AND BUS BAR
MODULE

Abstract

I & liquid lsakags propagation restraining structure, a voltage dslaction terminal that detects the voltage of an slactricily storags
device is connacted o an electrode of the slectricily storage device so that a corimp conlast surface sids of the voliage dslaction
terminal to which an electric cable is crimped faces in the direction opposiie the direction {o the electrode. Therelore, the
structure resiraing the elactrolytic solution that has lsaked out and propagated o the electric cable from entering the inlerior of
the core wire of the electric cabls.
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PORTABLE VEHICLE BATTERY JUMP START APPARATUS WITH SAFETY PROTECTION
Absiract

A handheld device for jump starling a vehicle engine includes a rechargeable lithium ion batltery pack and a micracontralier. The
lithium ion battery is coupled 1o a power cutput port of the device thiough a FET smart switch actuated by the microcontrolier. A
vehicle baitery isolation sensor connected in circuit with positive and negative polarity ouipuis detects the presence of a vehicle
batitery connected between the positive and negative polarity cutputs. A reverse polarity sensor connected in circuit with the
positive and negative polarity outputs detecis the polarity of a vehicle batiery connected between the positive and negative
polarity outputs, such that the microcontrolier will enable power o be delivered from the lithium ion power pack to the output port
only when a good battery is connecied to the output port and only when the batlery is connected with proper polarity of positive
and negative terminals.
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Die folgenden Angaben sind den vom Anmelder eingereichten Unterlagen enthommen.

(54) Bezeichnung: Tragbare Starthilfevorrichtung fiir Fahrzeugbatterien mit Sicherheitsschutzvorrichtung

(57) Hauptanspruch: Starthilfevorrichtung zum Boosten oder
Aufladen einer verbrauchten oder entladenen Batterie, die
einen positiven und negativen Batterieanschluss aufweist,
die Starthilfevorrichtung umfasst:

- eine Spannungsversorgung (32);

- einen positiven Batterieverbinder zur Verbindung der Start-
hilfevorrichtung mit dem positiven Batterieanschluss der ver-
brauchten oder entladenen Batterie (72);

- einen negativen Batterieverbinder zur Verbindung der
Starthilfevorrichtung mit dem negativen Batterieanschluss
der verbrauchten oder entladenen Batterie (72);

- einen Leistungsschalter (15), der tiber eine Schaltung mit
der Spannungsversorgung (32) und den positiven und nega-
tiven Batterieverbindern verbunden ist,

- wobei der Leistungsschalter (15) eingerichtet ist, die Span-
nung von der Spannungsversorgung (32) zur verbrauchten
oder entladenen Batterie (72) ein- oder auszuschalten, wenn
diese mit den positiven und negativen Batterieverbindern
verbunden ist,

- ein Leistungsschaltersteuerungssystem oder eine Leis-
tungsschaltersteuerungsschaltung, die mit dem Leistungs-
schalter (15) verbunden ist und zur Steuerung des Leis-
tungsschaiters (15) vorgesehen ist,

- wobei das Leistungsschaltersteuerungssystem oder die
Leistungsschaltersteuerungsschaltung eingerichtet ist, das
Vorhandensein der verbrauchten oder entladenen Batterie
(72) und die Polaritat der verbrauchten oder entladenen Bat-
terie (72) zu detektieren, wenn diese zwischen die positiven
und negativen Batterieverbinder geschaltet ist,

- wobei ...
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Beschreibung
Hintergrund der Erfindung

[0001] Die vorliegende Erfindung bezieht sich im All-
gemeinen auf eine Starthilfevorrichtung fur ein Fahr-
zeug, das eine verbrauchte oder entladene Batterie
aufweist. Gemall dem Stand der Technik sind Vor-
richtungen bekannt, die entweder ein Paar von elek-
trischen Verbindungskabeln aufweisen, die eine voll-
standig aufgeladene Batterie eines anderen Fahr-
zeugs mitder Fahrzeugstartschaltung des Fahrzeugs
verbinden, das die erschdpfte Batterie enthalt, oder
tragbare Starthilfevorrichtungen, die eine vollstandig
geladene Batterie aufweisen, und die mit der Start-
vorrichtung des Fahrzeugmotors uber ein Kabelpaar
in einer Schaltung verbunden werden kénnen

[0002] Probleme entstanden beim Stand der Tech-
nik, wenn entweder die Drahtbriuckenanschlisse
oder -klemmen der Kabel irrtimlich miteinander in
Kontakt gebracht wurden, wahrend die anderen En-
den an eine geladenen Batterie angeschlossen wa-
ren, oder wenn die positiven und negativen Anschlus-
se mit den Anschlissen entgegengesetzter Polung
im zu uberbrickenden Fahrzeug verbunden wurden,
wodurch ein Kurzschluss verursacht wurde, der zu
einer Funkenbildung und einer potentiellen Bescha-
digung der Batterien und/oder einem kd&rperlichen
Schaden fuhrte.

[0003] Gemald dem Stand der Technik wurden un-
terschiedliche Versuche zur Beseitigung dieser Pro-
bleme unternommen. US 6,212,054 B1, erteilt am
3. April 2001, offenbart eine Batteriestarthilfeeinheit,
die empfindlich auf die Polung reagiert und pas-
sende oder unpassende Verbindungen detektieren
kann, bevor ein Pfad fur den elektrischen Ladungs-
fluss bereitgestellt wird. Die Vorrichtung verwendet
einen Satz von LEDs, die mit durch eine Steuerschal-
tung ausgerichteten optischen Kopplern verbunden
sind. Die Steuerschaltung steuert eine Spulenanord-
nung, die den Pfad eines Leistungsstroms steuert.
Der Steuerschaltkreis lasst einen Leistungsstrom-
fluss durch die Spulenanordnung nur dann zu, wenn
die Kontaktpunkte der Starthilfekabelklemmenverbin-
dungen richtig angelegt wurden.

[0004] US 6,632,103 B1, erteilt am 14. Oktober
2003, offenbart ein adaptives Starthilfekabel, das
durch zwei Klemmenpaare verbunden ist, wobei die
beiden Klemmenpaare jeweils an zwei Batterien an-
geschlossen sind, um Strom von einer Batterie zu
einer anderen Batterie zu Ubertragen. Das adapti-
ve Starthilfekabel enthalt eine mit jeder Klemme ver-
bundene Polungsdetektionseinheit, eine Schaltein-
heit und eine Stromdetektionseinheit, die beide zwi-
schen den beiden Klemmenpaaren vorhanden sind.
Nachdem die Polung jeder Klemme durch die Po-
lungsdetektionseinheit abgetastet wurde, erzeugt die
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Schalteinheit eine geeignete Verbindung zwischen
den beiden Batterien. Daher sind die positiven und
negativen Anschlisse der beiden Batterien basie-
rend auf dem detektierten Ergebnis der Polungsde-
tektionseinheit passend verbunden.

[0005] US 8,493,021 B2, erteilt am 23. Juli 2013,
offenbart eine Vorrichtung, die die Spannung ei-
ner Fahrzeugbatterie, welche Starthilfe bekommt und
den durch die Starthilfebatterien gelieferte Strom
Uberwacht, um zu bestimmen, ob eine passende Ver-
bindung hergestellt wurde und um eine Fehlertuber-
wachung bereitzustellen. Nur wenn die geeignete Po-
lung detektiert wird, kann das System betrieben wer-
den. Die Spannung wird Uberwacht, um einen of-
fenen Stromkreis, getrennte leitende Klemmen, Ne-
benschlusskabelfehler und Spulenfehlerzustande zu
erfassen. Der Strom durch das Nebenschlusskabel
wird Uberwacht, um das Bestehen eines Batterieex-
plosionsrisikos und eines einen Uberhitzungszustand
darstellenden Uberschussstromzustands zu erken-
nen, der zu einem Feuer fiuhren kann. Das System
enthalt eine interne Batterie zum Bereitstellen der
Spannung fur die Batterie des Fahrzeugs, das Start-
hilfe bekommen soll. Sobald das Fahrzeug gestartet
ist, findet eine automatische elektrische Trennung der
Einheit von der Fahrzeugbatterie statt.

[0006] US 5,189,359 A, veroffentlicht am 23. Febru-
ar 1993, offenbart eine Starthilfekabelvorrichtung, die
zwei Bruckengleichrichter zum Ausbilden einer Refe-
renzspannung, einen Dekodierer mit vier Eingangen
zum Erkennen, welche Anschlisse verbunden wer-
den sollen, basierend auf einem Vergleich der Span-
nung an jedem der vier Anschliisse mit der Referenz-
spannung, und ein Relaispaar aufweist, zum Bewir-
ken der passenden Verbindung in Abhangigkeit von
der Erkennung durch den Dekodierer. Es wird keine
Verbindung hergestellt, es sei denn, dass nur ein An-
schluss einer jeden Batterie eine héhere Spannung
als die Referenzspannung aufweist, so dass ,positi-
ve" Anschlisse angezeigt werden, und ein Anschluss
eine geringere Spannung als die Referenzspannung
aufweist, so dass ,negative“ Anschliisse angezeigt
werden, und dass deshalb die beiden Hochspan-
nungsanschlisse und die beiden Niedrigspannungs-
anschlusse verbunden werden kdénnen. Der Strom
flie3t, sobald die entsprechende Relaisvorrichtung
geschlossen wird. Die Relaisvorrichtung ist vorzugs-
weise eine Metall-Oxid-Halbleiter-Feldeffekttransis-
tor {MOSFET), der mit einer Serienanordnung von
Photodioden, die ein MOSFET-gate-Schlie3-Poten-
tial entwickeln, wenn der Dekodierer-Ausgang eine
LED zum Leuchten bewirkt.

[0007] US 5,795,182 A, veroffentlicht am 18. August
1998, offenbart einen polungsunabhangigen Satz
von Batteriestarthilfekabeln, um eine erste Batterie
mit einer zweiten Batterie zu Uberbricken. Die Vor-
richtung weist einen Detektor der relativen Polung
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auf, um zu detektieren, ob zwei Batterien Uber Kreuz
oder parallel angeordnet sind. Ein Drei-Punkt-Hoch-
spannungskapazitatsquerriegeldrehschalter reagiert
auf den Detektor der relativen Polung zum automa-
tischen Verbinden des Plus-Anschlusses der beiden
Batterien miteinander und der Minus-Anschlisse der
beiden Batterien miteinander, ungeachtet dessen, ob
die detektierte Anordnung Uber Kreuz oder parallel
ist, und ein Unterstrom-Detektor und eine Verzdge-
rungsschaltung zum Zurticksetzen der Vorrichtung in
ihren Anfangs- und nicht angeschlossenen Zustand,
nachdem die Vorrichtung von einer der Batterien ge-
trennt wurde. Der Querriegeldrehschalter weist zwei
Kontaktpaare und einen Dreharm auf, der sich um
zwei getrennte Punkte dreht, um vollen elektrischen
Kontakt zwischen den Kontaktpaaren zu sichern. Die
Erfindung kann auch verwendet werden, um eine Bat-
terieladevorrichtung herzustellen, die mit einer Batte-
rie ungeachtet der Batteriepolung verbunden werden
kann

[0008] US 6,262,492 B1, erteilt am 17. Juli 2001,
offenbart ein Autobatteriestarterkabel zur passen-
den Kopplung einer effektiven Spannungsquelle an
eine fehlerhafte oder ungeladene Batterie, die ei-
ne Relaisschaltungsstromkreis aufweist, welcher mit
der Spannungsquelle und der Batterie durch zwei
Stromleitungspaare verbunden ist. Erste und zwei-
te Spannungspolungserkennungsschaltungen wer-
den jeweils mit der Spannungsquelle und der Bat-
terie durch ein entsprechendes Spannungsleitungs-
paar verbunden, um die Polung der Spannungsquel-
le und der Batterie zu erkennen. Eine Logikerken-
nungsschaltung erzeugt ein Steuersignal, das abhan-
gig von der Polung der Spannungsquelle und der
Batterie ist, und eine Treiberschaltung, die durch ein
Steuersignal des Logikerkennungsschaltung gesteu-
ert wird, steuert den Relaisschaltungsstromkreis an,
so dass das genaue Koppeln der beiden Pole der
Spannungsquelle an die beiden Pole der Batterie er-
maglicht wird.

[0009] US 5,635,817A, veroffentlicht am 3. Juni
1997, offenbart eine Fahrzeugbatterie-Ladevorrich-
tung, die ein Steuergehause aufweist, das Kabel ent-
halt und, die eine Strombegrenzungsvorrichtung zum
Verhindern des Uberschreitens eines vorbestimmten
maximalen Ladestroms von ungefahr 40 bis 60 A ent-
halt. Das Steuergehduse weist eine Polungsdetekti-
onsvorrichtung zur Uberpriifung der passenden Po-
lung der Verbindung der Anschlisse der beiden Bat-
terien und zur elektrischen Trennung der beiden Bat-
terien im Falle des Vorliegens einer falschen Polung
auf.

[0010] US 8,199,024 B2, erteilt am 12. Juni 2012,
offenbart eine Sicherheitsschaltung in einem Nied-
rigspannungsverbindungssystem, das die beiden
Niedrigspannungssysteme getrennt Iasst, bis es be-
stimmt, dass es sicherist, eine Verbindung aufzubau-
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en. Wenn die Sicherheitsschaltung bestimmt, dass
keine unsicheren Bedingungen vorliegen, und dass
es sicher ist, die beiden Niedrigspannungssysteme
zu verbinden, kann die Sicherheitsschaltung die bei-
den Niedrigspannungssysteme durch einen ,sanften
Start” verbinden, der eine Verbindung zwischen den
beiden Systemen Uber eine Zeitdauer bereitstellt, die
induzierte Spannungsspitzen auf einem oder meh-
reren der Niedrigspannungssysteme reduziert oder
verhindert. Wenn in einem der Niedrigspannungssys-
teme eine vollstdndig entladene Batterie eingebaut
ist, wird ein Verfahren fir die Detektion der passen-
den Polung der Verbindungen zwischen den Nied-
rigspannungssystemen verwendet. Die Bestimmung
der Polung der entladenen Batterie erfolgt durch das
Durchschicken von einem oder mehreren Teststro-
men durch die entladene Batterie und durch die Be-
stimmung, ob ein entsprechender Spannungsanstieg
beobachtet wird.

[0011] US 5,793,185 A, verdffentlicht am 11. August
1998, offenbart eine tragbare Starthilfevorrichtung,
die Steuerkomponenten und Schaltungen zur Verhin-
derung von Uberladung und falscher Verbindung von
Batterien aufweist.

[0012] US 5,820,407 A beschreibt Starthilfekabel-
klemmen.

[0013] Wahrend der Stand der Technik Ldsungen
fur die obengenannten Probleme, wie oben disku-
tiert, vorschlagt, leidet jede der Losungen des Stands
der Technik an anderen Defiziten, entweder in Be-
zug auf Komplexitat, Kosten oder die Anfalligkeit fur
Fehlfunktionen. Folglich existiertein Bedarfin diesem
technischen Gebiet nach weiteren Verbesserungen
fur Starthilfevorrichtungen von Fahrzeugen. Zusam-
menfassung der Erfindung.

[0014] Die Aufgabe der Erfindung wird durch die
Merkmale der unabhangigen Anspriuche gelost. Vor-
teilhafte Ausgestaltungen sind den Unteranspriichen
zu entnehmen.

[0015] Gemaf einem Aspekt der Erfindung, wird ei-
ne Vorrichtung zur Starthilfe eines Fahrzeugmotors
bereitgestellt, die Folgendes aufweist: eine interne
Spannungsversorgung; einen positiv und negativ ge-
polte Ausgange aufweisenden Ausgangsanschluss;
einen Fahrzeugbatterie-Isolationssensor, der mitden
positiv und negativ gepolten Ausgangen in einer
Schaltung verbunden ist und zur Detektion des Vor-
handenseins einer Fahrzeugbatterie konfiguriert ist,
die zwischen den positiv und negativ gepolten Aus-
gangen angeschlossen ist; einen Verpolungssensor,
der in einer Schaltung mit den positiv und negativ ge-
polten Ausgéngen verbunden ist und zur Detektion
der Polaritat einer Fahrzeugbatterie konfiguriert ist,
die zwischen den positiv und negativ gepolten Aus-
gangen angeschlossen ist; einen Spannungs-FET-

EXHIBIT 1002
Petitioner ADC (IPR2024-00577)



DE 20 2014 011 413 U1

Schalter, der zwischen der internen Spannungsver-
sorgung und dem Ausgangsanschluss angeschlos-
sen ist; und ein Mikrocontroller, der zum Empfan-
gen von Eingabesignalen vom Fahrzeug-Isolations-
sensor und Verpolungssensor und zum Bereitstel-
len eines Ausgabesignals an den Spannungs-FET-
Schalter so konfiguriert ist, dass der Spannungs-
FET-Schalter als Antwort auf Signale der Senso-
ren, die das Vorhandensein einer Fahrzeugbatterie
am Ausgangsanschluss und die passende Polver-
bindung von positiven und negativen Anschlissen
der Fahrzeugbatterie mit positiv und negativ gepol-
ten Ausgangen anzeigen, eingeschaltet wird, um die
interne Spannungsversorgung mit dem Ausgangsan-
schluss zu verbinden.

[0018] GemaRl einem weiteren Aspekt der Erfin-
dung, besteht die interne Spannungsversorgung aus
einer wieder aufladbaren Lithiumionenbatterieein-
heit.

[0017] GemafR noch einem weiteren Aspekt der Er-
findung, wird eine Starthilfekabelvorrichtung bereit-
gestellt, die einen Stecker aufweist, der zum Einste-
cken in einen Ausgangsanschluss einer tragbaren
Vorrichtung zur Batterieladestarthilfe, die eine interne
Spannungsversorgung aufweist, konfiguriert ist; ein
Kabelpaar, an dessen jeweiligem einen Ende der Ste-
cker integriert ist; wobei das Kabelpaar zum getrenn-
ten Anschlieften an die Anschlliisse einer Batterie an
dessen jeweiligem anderen Ende konfiguriert ist.

Figurenliste

Fig. 1 stellt einen Funktionsplan einer tragba-
ren Vorrichtung zur Batteriestarthilfe von Fahr-
zeigen gemal einem Aspekt der vorliegenden
Erfindung dar;

Fig. 2A-Fig. 2C stellen schematische Schaltpla-
ne einer beispielhaften Ausfuhrungsform einer
tragbaren Vorrichtung zur Batteriestarthilfe von
Fahrzeugen gemaR einem Aspekt der vorliegen-
den Erfindung dar;

Fig. 3 stellt eine perspektivische Ansicht einer
tragbaren Vorrichtung zur Starthilfe gemag ei-
ner beispielhaften Ausfuhrungsform der vorlie-
genden Erfindung dar; und

Fig. 4 stellt eine Draufsicht eines Starthilfeka-
bels dar, das mit der tragbaren Vorrichtung zur
Starthilfe gemaf einem weiteren Aspekt der vor-
liegenden Erfindung verwendbar ist.

Detaillierte Beschreibung der Erfindung

[0018] Fig. 1 stellt einen Funktionsplan einer trag-
baren Vorrichtung zur Batteriestarthilfe gemal} einem
Aspekt der vorliegenden Erfindung dar. Das Herz-
stick der tragbaren Vorrichtung zur Batteriestarthil-
fe ist eine Lithiumpolymerbatterieeinheit 32 , die ge-
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nugend Energie speichert, um einem Fahrzeugmotor
Starthilfe zu leisten, welcher von einer konventionel-
len 12 Volt Bleisaure- oder von einer durch ein Ven-
til regulierten Bleisaure-Batterie beliefert wird. In ei-
ner beispielhaften Ausfiihrungsform weist eine Uber-
spannungslithiumpolymerbatterieeinheit drei 3,7 V,
2666 mAh Lithiumpolymerbatterien in einer 3S1P-
Konfiguration auf. Die sich ergebende Batterieeinheit
liefert 11,1 V, 2666 Ah (8000 Ah bei 3,7 V, 29,6
Wh). Ein kontinuierlicher Entladungsstrom betragt 25
C (oder 200 A), und eine Entladungsstromspitze be-
tragt 50 C (oder 400 A). Der maximale Ladungsstrom
der Batterieeinheit betragt 8000 mA (8 A).

[0019] Eine programmierbare Mikrocontrollereinheit
(MCU) 1 erhalt verschiedene Eingaben und erzeugt
Informations- als auch Steuerungsausgaben. Die
programmierbare MCU 1 stellt ferner eine Flexibilitat
fur das System bereit, in dem es Aktualisierungen der
Funktionalitat und der Systemparameter zulasst, oh-
ne eine Anderung der Hardware zu benétigen. Ge-
maf einer beispielhaften Ausfuhrungsform wird ein 8-
bit-Mikrocontroller mit einem 2K x 15-bit-Flash-Spei-
cher verwendet, um das System zu steuern. Ein sol-
cher Mikrocontrollerist HT67F30, der kommerziell bei
Holtek Semiconductors Inc. erhaltlich ist.

[0020] Eine Autobatterie-Verpolungssensor 10 tber-
wacht die Polung der Fahrzeugbatterie 72, wenn die
tragbare Vorrichtung zur Batteriestarthilfe mit dem
elektrischen System des Fahrzeugs verbunden wird.
Wie unten erklart, verhindert die Starthilfevorrichtung,
dass die Lithiumbatterieeinheit mit der Fahrzeugbat-
terie 72 verbunden wird, wenn die Anschlisse der
Batterie 72 mit den falschen Anschlissen der Starthil-
fevorrichtung verbunden sind. Ein Autobatterie-Isola-
tionssensor 12 detektiert, ob ein eine Fahrzeugbatte-
rie 72 mit der Starthilfevorrichtung verbunden ist oder
nicht, und verhindert, dass die Lithiumbatterieeinheit
mit den Ausgangsanschlissen der Starthilfevorrich-
tung verbunden wird, es sei denn, dass eine gute (z.
B. aufladbare) Batterie an die Ausgangsanschlisse
angeschlossen ist.

[0021] Ein smart-switch-FET-Schaltung 15 schaltet
die Lithiumbatterie der tragbaren Vorrichtung zur Bat-
teriestarthilfe elektrisch an das elektrische System
des Fahrzeugs, nur wenn bestimmt wird, dass die
Fahrzeugbatterie durch die MCU 1 als vorhanden er-
fasst wird (als Antwort auf ein von einem Isolations-
sensor 12 bereitgestelltes Detektionssignal) und mit
der passenden Polung angeschlossen ist (als Ant-
wort auf ein von einem Verpolungssensor 10 be-
reitgestelltes Detektionssignal). Ein Lithiumbatterie-
Temperatursensor 20 Uberwacht die Temperatur der
Lithiumbatterieeinheit 32, um eine Uberhitzung auf-
grund von hohen Umgebungstemperaturbedingun-
gen und Ubermafiger Stromabgabe wahrend des
Starthilfevorgangs zu detektieren. Eine Lithiumbat-
terie-Spannungsmessungsschaltung 24 uberwacht
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die Spannung der Lithiumbatterieeinheit 32, um das
Spannungspotential daran zu hindern, wahrend ei-
nes Ladevorgangs zu hoch zusteigen, und wahrend
eines Entladevorgangs zu tief zu fallen

[0022] Lithiumbatterie-Rlckladungsschutzdioden
28 verhindern, dass irgendein Ladungsstrom, der an
die Fahrzeugbatterie 72 geliefert wird, vom elektri-
schen System des Fahrzeugs in die Lithiumbatterie-
einheit 32 zurtickflieRt. Eine Blitzlicht-LED-Schaltung
36 wird bereitgestellt, um eine Blitzlicht-Funktion zur
Verstarkung des Lichts unter der Fahrzeughaube bei
dunklen Bedingungen zu liefern, sowie SOS- und St-
roboskoplichtfunktionen aus Sicherheitsgrinden be-
reitzustellen, wenn ein Fahrzeug an einem potentiell
gefahrlichen Ort fahruntauglich wird. Ein Spannungs-
regler 42 stellt eine Regulierung der internen Be-
triebsspannung fur den Mikrocontroller und die Sen-
soren bereit. Ein manueller Modus- und Blitzlicht-Ein/
Aus-Schalter 46 erlauben es dem Nutzer, das Ein-
schalten der tragbaren Vorrichtung zur Batterielade-
starthilfe zu steuern, um den manuellen Starthilfebe-
trieb zu steuern, wenn das Fahrzeug keine Batterie
aufweist, und die Blitzlichtfunktion zu steuern. Der
manuelle Knopf funktioniert nur, wenn die Starthil-
fevorrichtung eingeschaltet ist. Dieser Knopf erlaubt
es dem Nutzer, Fahrzeugen Starthilfe zu leisten, de-
nen entweder eine Batterie fehlt, oder deren Batterie-
spannung so niedrig ist, dass eine automatische De-
tektion durch die MCU nicht maglich ist. Wenn der
Nutzer den manuellen Starthilfeknopf druckt und fur
eine vorbestimmte Zeit (wie z. B. drei Sekunden) ge-
drickt halt, um eine ungewollte Betatigung des ma-
nuellen Modus zu verhindern, wird die Spannung der
internen Lithiumionenbatterie auf den Fahrzeugbat-
terie-Verbindungsanschluss geschaltet. Die einzige
Ausnahme zum manuellen Starthilfebetrieb erfolgt,
wenn die Autobatterie verpolt wurde. Wenn die Auto-
batterie verpolt wurde, sollte die Spannung der inter-
nen Lithiumbatterie niemals auf den Fahrzeugbatte-
rie-Verbindungsanschluss geschaltet werden.

[0023] Eine USB-Ladeschaltung 52 wandelt eine
Spannung von irgendeinerder USB-Ladespannungs-
quellen um, so dass Spannung und Strom zum Laden
der Lithiumbatterieeinheit 32 geladen werden. Ein
USB-Ausgang 56 stellt eine tragbare USB-Ladevor-
richtung zum Laden von Smartphones, Tablet-Com-
putern (im Folgenden Tablet genannt) und weite-
ren wieder aufladbaren elektronischen Vorrichtungen
bereit. LEDs zur Betriebszustandsanzeige 60 stel-
len eine visuelle Anzeige des Lithiumbatterie-Kapazi-
tatsstatus sowie eine Anzeige des Aktivierungsstatus
des smart-switchs dar (die anzeigt, dass dem elektri-
schen System eine Spannung bereitgestellt wird).

[0024] Ein detaillierter Betrieb der tragbaren Start-
hilfevorrichtung wird nun gemaR den schematischen
Diagrammen der Fig. 2A bis Fig. 2C beschrieben
werden. Wie in Fig. 2A gezeigt, stellt die Mikrocon-

5/26
Page 1286 of 2235

2020.06.04

trollereinheit 1 das Zentrum aller Ein- und Ausgéan-
ge dar. Der Batterie-Verpolungssensor 10 umfasst
einen optisch gekoppelten Isolationsphototransistor
(4N27), der mit den Anschlissen der Fahrzeugbat-
terie 72 an den Eingangspins 1 und 2 mit einer Di-
ode D8 im Leiterdraht des Pins 1 (der am negati-
ven Anschluss CB- angeschlossen ist), so dass, falls
die Batterie 72 mit den Anschlissen der Starthilfe-
vorrichtung mit passender Polung verbunden ist, die
LED des optischen Kopplers 11 keinen Strom leiten
wird, und deshalb ausgeschaltet wird, wobeider MCU
1 eine ,11“ oder ein hohes Ausgabesignal bereitge-
stellt wird. Der Autobatterie-Isolationssensor 12 um-
fasst einen optisch gekoppelten Isolationsphototran-
sistor (4N27), der mitden Anschlissen der Fahrzeug-
batterie 72 an den Eingangspins 1 und 2 mit einer Di-
ode D7 im Leitungsdraht des Pins 1 (angeschlossen
an den positiven Anschluss CB+) verbunden ist, so
dass, falls die Batterie 72 an die Anschliisse der Start-
hilfevorrichtung mit der passenden Polung verbun-
den ist, die LED des optischen Kopplers 11A einen
Strom leiten wird, und deshalb eingeschaltet wird,
wobei der MCU eine ,0 oder ein niedriges Ausga-
besignal bereitgestellt wird, und das Vorhandensein
einer Batterie Uber die Starthilfeausgangsanschlisse
der tragbaren Starthilfevorrichtung anzeigt.

[0025] Falls die Autobatterie 72 mit der tragbaren
Starthilfevorrichtung verpolt verbunden ist, wird die
LED des optischen Kopplers 11 des Verpolungssen-
sors 10 den Strom leiten, wobei der Mikrocontroller-
einheit 1 eine ,0" oder ein niedriges Signal bereitge-
stellt wird. Ferner, falls keine Batterie mit der tragba-
ren Starthilfevorrichtung verbunden ist, wird die LED
des optischen Kopplers 11A des Isolationssensors
12 keinen Strom leiten und wird deshalb ausgeschal-
tet, wobei der MCU eine ,1“ oder ein hohes Ausga-
besignal bereitgestellt wird, das die Abwesenheit ir-
gendeiner mit der tragbaren Starthilfevorrichtung ver-
bundener Batterie anzeigt. Unter Verwendung die-
ser spezifischen Eingaben kann die Mikrocontroller-
software der MCU 1 bestimmen, wann es sicher
ist, den smart-switch-FET 15 einzuschalten, wodurch
die Lithiumbatterieeinheit mit den Starthilfeanschlis-
sen der Starthilfevorrichtung verbunden wird. Folglich
kann die MCU 1 den smart-switch-FET-Schaltung 15
davor bewahren, eingeschaltet zu werden und somit
das Erzeugen von Funken/Kurzschlissen der Lithi-
umbatterieeinheit verhindert werden, wenn die Auto-
batterie 72 entweder Giberhaupt nicht mit der Starthil-
fevorrichtung verbunden ist oder verpolt verbunden
ist.

[0026] Wie in Fig. 2B gezeigt, wird der smart-switch-
FET 15 durch eine Mikrocontrollerausgabe 1 ange-
steuert. Der FET-smart-switch 15 weist drei FETs
(Q15, Q18 und Q19) in Parallelschaltung auf, die die
Spannung der Lithiumbatterieeinheit verteilt. Wenn
diese Mikrocontrollerausgabe in einen logisch niedri-
gen Zustand gesteuert wird, befinden sich die FETs

EXHIBIT 1002
Petitioner ADC (IPR2024-00577)



DE 20 2014 011 413 U1

16 alle in einem Hochwiderstandszustand, weswe-
gen kein Stromfluss vom negativen Kontakt 17 der
internen Lithiumbatterie zum negativen Kontakt der
Autobatterie 72 zugelassen wird. Wenn die Mikrocon-
trollerausgabe in einen logisch hohen Zustand ge-
steuert wird, sind die FETs 16 (Q15, Q18, Q19) in
einem Niedrigwiderstandszustand, der einen freien
Stromfluss vom negativen Kontakt 17 (LB-) der in-
ternen Lithiumbatterieeinheit zum negativen Kontakt
(CB-) der Autobatterie 72 zulasst. Auf diese Art steu-
ert die Mikrocontrollersoftware die Verbindung der in-
ternen Lithiumbatterieeinheit 32 mit der Fahrzeugbat-
terie 72, um dem Fahrzeugmotor Starthilfe zu leisten.

[0027] Gemald Fig. 2A, kann die Spannung der in-
ternen Lithiumbatterieeinheit unter Verwendung der
Schaltung 24 und einem der Analog-zu-Digital-Ein-
gange des Mikrocontrollers 1 prazise gemessen wer-
den. Die Schaltung 24 ist vorgesehen, um zu erfas-
sen, wann die Spannung des Haupt-3,3 V-Reglers 42
eingeschaltet ist und den Transistor 23 einzuschal-
ten, wenn die Spannung des Reglers 42 eingeschal-
tet ist. Wenn der Transistor 23 leitet, schaltet er den
FET 22 ein, womit dem positiven Kontakt (LB+) der
internen Lithiumbatterie ein leitender Pfad zu einem
Spannungsteiler 21 bereitgestellt wird, der es zulasst,
der Mikrocontrolier einen niedrigeren Spannungsbe-
reich zum Einlesen zuzufuhren. Durch Verwendung
dieser Eingabe kann die Mikrocontrollersoftware be-
stimmen, ob die Lithiumbatteriespannung wahrend
des Entladevorgangs zu niedrig oder wahrend des
Aufladevorgangs zu hoch ist, und sie kann eine ent-
sprechende MaRnahme zur Verhinderung der Be-
schadigung der elektronischen Komponenten unter-
nehmen.

[0028] Weiterhin kann gemaf Fig. 2A durch zwei
Vorrichtungen 20 mit negativem Temperaturkoeffizi-
enten (NTC) die Temperatur der internen Lithium-
batterieeinheit 32 prazise gemessen werden. Dies
sind Vorrichtungen, die ihren Widerstand verringern,
wenn ihre Temperatur steigt. Die Schaltung stellt
einen Spannungsteiler dar, der das Ergebnis den
beiden Analog-zu Digital-(A/D)-Eingange dem Mikro-
controller zufuhrt. Die Mikrocontrollersoftware kann
dann bestimmen, wann die interne Lithiumbatterie zu
heif} ist, um einen Starthilfevorgang zuzulassen, wo-
durch der Aufbau Betriebssicherheit erhalt.

[0029] Die Hauptspannungsreglerschaltung 42 ist
so gestaltet, dass die Spannung der internen Li-
thiumbatterie in einen geregelten Wert von 3,3 V
umgewandelt wird, der vom Mikrocontroller 1 so-
wie von anderen Komponenten der Starthilfevor-
richtung fir die interne Betriebsspannung verwen-
det wird. Drei Lithiumbatterie-Ruckaufladungs-(back-
charging)-Schutzdioden 28 (siehe Fig. 2B) werden
eingesetzt, um den Stromfluss nur von der internen
Lithiumbatterieeinheit 32 zur Autobatterie 72 zuzu-
lassen, und nicht von der Autobatterie zur internen
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Lithiumbatterie. Auf diese Art kann, falls das elektri-
sche System des Autos von seiner Lichtmaschine ge-
laden wird, die interne Lithiumbatterie nicht rickauf-
laden (und hierbei beschadigt werden), was eine wei-
tere Stufe der Betriebssicherheit bereitstellt.

[0030] Der Hauptspannungseinschalter 46 (Fig. 2A)
ist eine Kombination, die einen Doppelpol- oder Zwei-
wegebetrieb zuldsst, so dass das Produkt mit einem
Drucken eingeschaltet werden kann, wenn es sich
im Aus-Zustand befindet, oder ausgeschaltet werden
kann, wenn es sich im EIN-Zustand befindet. Die-
se Schaltung verwendet auch einen Mikrocontroller-
ausgang 47, um die Spannung aufrecht zu erhal-
ten, wenn die Schaltung durch den Ein-Schalter akti-
viert wurde. Wenn der Schalter gedruckt wird, schiebt
der Mikrocontroller diesen Ausgang auf eine Hochlo-
gikstufe, um die Spannung ,am Leben® zu erhalten,
wenn der Schalter losgelassen wird. Auf diese Art be-
halt der Mikrocontroller die Kontrolle, wenn die Span-
nung ausgeschaltet wird, wenn der Ein-/Aus-Schal-
ter wieder aktiviert wird, oder wenn die Lithiumbatte-
riespannung zu niedrig wird. Die Mikrocontrollersoft-
ware weist auch einen Zeitschalter auf, der die Span-
nung nach einer vorbestimmten Zeitdauer (wie z. B.
8 Stunden) bei Nichtverwendung ausschaltet.

[0031] Die Blitzlicht-LED-Schaltung 45, die in
Fig. 2B gezeigt wird, steuert den Betrieb der Blitz-
licht-LEDs. Zwei Ausgange des Mikrocontrollers 1
sind den beiden separaten LEDs zugeordnet. Da-
her kébnnen die LEDs zur Ausbildung von Strobosko-
pen und SOS-Mustern unabhangig software-gesteu-
ert werden, was der Starthilfevorrichtung noch ein
weiteres Sicherheitsmerkmal hinzugefliigt. LED-An-
zeigen geben dem Betreiber die Ruckmeldung, die
dieser braucht, um zu verstehen, was mit dem Pro-
dukt passiert. Vier separate LEDs 61 (Fig. 2A) wer-
den durch entsprechende einzelne Ausgange des
Mikrocontrollers 1 gesteuert, um eine Anzeige der
verbleibenden Kapazitat der internen Lithiumbatterie
bereitzustellen. Diese LEDs werden in einem For-
mat vergleichbar dem einer ,Kraftstoffanzeige® mit
25%-, 50%-, 75%- und 100%-(rot, rot, gelb, grin)-
Kapazitadtsanzeigen gesteuert. Eine LED-Anzeige 63
(Fig. 2B) gibt dem Benutzer eine visuelle Warnung,
wenn die Fahrzeugbatterie 72 verpolt angeschlossen
waorden ist. Starthilfe- und Ein-/Aus-LEDs 62 stellen
jeweils visuelle Anzeigen bereit, wenn die Starthilfe-
vorrichtung Starthilfespannung bereitstellt, und wenn
die Starthilfevorrichtung eingeschaltet wird.

[0032] Eine USB-Ausgangsschaltung 56 (Fig. 2C)
weist einen USB-Ausgang auf, zum Laden von trag-
baren elektronischen Vorrichtungen, wie z. B. Smart-
phones durch die interne Lithiumbatterieeinheit 32.
Eine Steuerschaltung 57 des Mikrocontrollers 1 Iasst
es zu, den USB-Ausgang 56 durch die Software-
steuerung ein- oder auszuschalten, um zu verhin-
dern, dassdie interne Lithiumbatterie eine zu niedrige
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Kapazitat erreicht. Die USB-Ausgabe wird mittels ei-
ner Standard-USB-Verbindung 58 an das AuRere der
Vorrichtung gefiihrt, wobei die Standard-USB-Verbin-
dung 58 den erforderlichen Standardspannungsteiler
aufweist, um es zu ermdglichen, Smartphones eine
bestimmte Spannung zuzufiihren, die sie benoétigen-
den

[0033] Die USB-Ladeschaltung 52 lasst es zu, dass
die interne Batterieeinheit 32 durch eine Standard-
USB-Ladevorrichtung geladen wird. Dieser Span-
nungseingang verwendet eine Standard-Mikro-USB-
Verbindung 48, die es erlaubt, Standardkabel zu ver-
wenden. Das von der Standard-USB-Ladevorrich-
tung bereitgestellte Potential von 5 V wird in 12,4 V
DC-Spannung hochgewandelt, das zum Laden der
internen Lithiumbatterieeinheit unter Verwendung ei-
nes DC-DC-Konverters 49 bendtigt wird. Der DC-DC-
Konverter 48 kann durch die Schaltung 53 mittels ei-
nes Mikrocontrollerausgangs 1 ein- und ausgeschal-
tet werden.

[0034] 036 Auf diese Art kann die Mikrocontroller-
software den Ladevorgang ausschalten, falls die Bat-
teriespannung durch den A/D-Eingang 22 als zu hoch
bestimmt worden ist. Zusatzliche Betriebssicherheit
wird zur Abhilfe der Beseitigung von Uberladung der
internen Lithiumbatterie durch Verwendung einer Li-
thiumbatterie-Ladesteuerung 50 bereitgestellt, die ei-
nen Ladungsausgleich der internen Lithiumbatterie-
zellen 51 bereitstellt. Diese Steuerung stelltauch eine
redundante Betriebssicherheit zur Beseitigung von
Uberladung der internen Lithiumbatterie bereit.

[0035] Fig. 3 stellt eine perspektivische Ansicht ei-
ner tragbaren Vorrichtung 300 gemaf einer beispiel-
haften Ausfuhrungsform der Erfindung dar. 301 ist
ein Spannungseinschalter. 302 zeigt die LED-,Kraft-
stoff“-Anzeigen 61 . 303 zeigt einen 12 V-Ausgangs-
anschluss, der mit einer weiter unten beschriebe-
nen Kabelvorrichtung 400 verbindbar ist. 304 zeigt
einen Blitzlichtsteuerungsschalter zum Aktivieren der
Blitzlicht-LEDs 45. 305 stellt einen USB-Eingangs-
anschluss zum Laden der internen Lithiumbatterie
dar, und 306 istein USB-Ausgangsanschluss, uman-
deren tragbaren Vorrichtungen, wie z. B. Smartpho-
nes, Tablets, Musikspieler, usw., Ladung durch die
Lithiumbatterie bereitzustellen. 307 stellt eine ,Start-
hilfe-Ein“-Anzeige dar, die anzeigt, dass die Span-
nung dem 12 V-Ausgangsanschluss bereitgestellt
wird. 308 stellt eine Verpolungsanzeige dar, die an-
zeigt, dass die Fahrzeugbatterie in Bezug auf die Po-
lung falsch verbunden ist. 309 stellt eine ,Spannung-
Ein®-Anzeige dar, die anzeigt, dass die Vorrichtung
fur den Betrieb hochgefahren ist.

[0036] Fig. 4 zeigt eine Starthilfekabelvorrichtung
400, die insbesondere fur eine Verwendung mit der
tragbaren Vorrichtung 300 ausgestaltet ist. Die Vor-
richtung 400 weist einen Stecker 401 auf, der so ge-
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staltet ist, dass er in den 12 V-Ausgangsanschluss
303 der tragbaren Vorrichtung 300 einsteckt werden
kann. Der Stecker 401 ist in einem Kabelpaar 402a
und 402b integriert, und die Kabel sind jeweils mit den
Batterieanschlussklemmen 403a und 403b mittels
Ringanschlissen 404a und 404b verbunden. Der An-
schluss 303 und der Stecker 401 kdnnen so dimen-
sioniert werden, dass der Stecker 401 nur in den An-
schluss 303 in einer bestimmten Orientierung passt,
wodurch gesichert ist, dass die Klemme 403a einer
positiven Polung entsprechen wird, und die Klem-
me 403b einer negativen Polung entsprechen wird,
wie darauf angegeben. Zusatzlich konnen die Ring-
anschlisse 404a und 404b von den Klemmen ge-
trennt werden und direkt mit den Anschlissen der
Fahrzeugbatterie verbunden werden. Dieses Merk-
mal kann nutzlich sein, um beispielsweise die Kabel
402a bis 402b dauerhaft mit der Fahrzeugbatterie zu
verbinden. Im Falle einer Erschopfung der Batterie-
spannung konnte die tragbare Starthilfevorrichtung
300 durch Einstecken des Steckers 401 in den An-
schluss 303 in sehr einfacher Weise passend mit der
Batterie verbunden werden.

[0037] Es folgen Ausfihrungsbeispiele:

1. Vorrichtung zur Starthilfe eines Fahrzeugmo-
tors, umfassend: eine interne Spannungsver-
sorgung (32); einen positiv und negativ gepol-
te Ausgange (CB-, CB+) aufweisenden Aus-
gangsanschluss (303); einen Fahrzeugbatterie-
Isolationssensor (12), der mit den positiv und
negativ gepolten Ausgangen (CB-, CB+) in ei-
ner Schaltung verbunden ist, und zur Detekti-
on des Vorhandenseins einer Fahrzeugbatterie
(32), die zwischen den positiv und negativ ge-
polten Ausgangen (CB-, CB+) angeschlossen
ist, konfiguriertist; einen Verpolungssensor (10),
der in einer Schaltung mit den positiv und nega-
tiv gepolten Ausgangen (CB-, CB+) verbunden
ist, und zur Detektion der Polaritat einer Fahr-
zeugbatterie (72), die zwischen den positiv und
negativ gepolten Ausgangen (CB-, CB+) ange-
schlossen ist, konfiguriert ist; ein Spannungs-
FET-Schalter (15), der zwischen der internen
Spannungsversorgung (32) und dem Ausgangs-
anschluss (305) angeschlossen ist; und ein Mi-
krocontroller (1), der zum Empfangen von Einga-
besignalen vom Fahrzeug-Isolationssensor (12)
und vom Verpolungssensor (10) und zum Be-
reitstellen eines Ausgabesignals an den Span-
nungs-FET-Schalter (15) so konfiguriert ist, dass
der Spannungs-FET-Schalter (15) als Antwort
auf Signale der Sensoren, die das Vorhanden-
sein einer Fahrzeugbatterie (72) am Ausgangs-
anschluss (303) und die passende Polverbin-
dung von positiven und negativen Anschlissen
der Fahrzeugbatterie (72) mit positiv und negativ
gepolten Ausgangen (CB-, CB+) anzeigen, ein-
geschaltet wird, um die interne Spannungsver-
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sorgung (32) mitdem Ausgangsanschluss (303)
zu verbinden.

2. Die Vorrichtung gemafy Ausfuhrungsbeispiel
1, wobei die interne Spannungsversorgung (32)
eine Lithiumionenbatterie umfasst.

3. Vorrichtung gemafn Ausfuhrungsbeispiel 2,
wobei die Lithiumionenbatterie eine Batterieein-
heit aus mehreren Lithiumionenbatterien um-
fasst.

4. Vorrichtung gemaf irgendeinem der vorange-
henden Ausfihrungsbeispiele, wobei der Span-
nungs-FET-Schalter (15) eine Vielzahl von FETs
in Parallelschaltung (16) umfasst.

5. Vorrichtung gemaf irgendeinem der vorange-
henden Ausfuhrungsbeispiele, wobei der Fahr-
zeug-Isolationssensor (12) und der Verpolungs-
sensor (10) optisch gekoppelte Isolationsphoto-
transistoren umfassen.

6. Vorrichtung gemaR irgendeinem der voran-
gehenden Ausfuhrungsbeispiele, ferner umfas-
send eine Vielzahl von Spannungsdioden (28),
die zwischen den Ausgangsanschluss (303) und
der internen Spannungsversorgung (32) gekop-
pelt sind, um eine Ruckaufladung der inter-
nen Spannungsversorgung (32) durch ein an
den Ausgangsanschluss (303) angeschlosse-
nes elektrisches System zu verhindern.

7. Vorrichtung gemaf irgendeinem der voran-
gehenden Ausfuhrungsbeispiele, ferner umfas-
send einen Temperatursensor (20) zur Detekti-
on der Temperatur der internen Spannungsver-
sorgung (32) und zum Bereitstellen eines Tem-
peratursignals an den Mikrocontroller (1).

8. Vorrichtung gemag irgendeinem der voran-
gehenden Ausfuhrungsbeispiele, ferner umfas-
send eine Spannungsmessungsschaltung (24),
die zur Messung der Ausgabespannung der in-
ternen Spannungsversorgung (32) und zum Be-
reitstellen eines Spannungsmessungssignals an
den Mikrocontroller (1) konfiguriert ist.

9. Vorrichtung gemal irgendeinem der vor-
angehenden Ausfuhrungsbeispiele, ferner um-
fassend ein Spannungsregler (42), der zur
Umwandlung der Ausgabespannung der inter-
nen Spannungsversorgung (32) in einen Span-
nungspegel konfiguriert ist, der geeignet ist, um
internen Komponenten der Vorrichtung eine Be-
triebsspannung bereitzustellen.

10. Vorrichtung gemaf irgendeinem der vor-
angehenden Ausfihrungsbeispielen, ferner um-
fassend einen USB-Ausgangsanschluss (56),
der zum Bereitstellen einer Ladungsspannung
der internen Spannungsversorgung (32) an eine
USB-ladbare Vorrichtung konfiguriert ist.

11. Vorrichtung gemaf irgendeinem der voran-
gehenden Ausflihrungsbeispiele, ferner umfas-
send einen USB-Ladeanschluss (52), der zum
Bereitstellen einer Ladespannung von einer ex-
ternen Spannungsquelle an die interne Span-
nungsversorgung (32) konfiguriert ist.

12. Vorrichtung gemaf irgendeinem der voran-
gehenden AusfUhrungsbeispiele, ferner umfas-
send einen Blitzlicht-Schaltung (36, 45), die zum
Bereitstellen einer Lichtquelle fur einen Nutzer
konfiguriert ist.

13. Vorrichtung gemaf Ausfihrungsbeispiel 12,
wobei die Lichtquelle mindestens eine LED ist.

14. Vorrichtung gemaf Ausfuhrungsbeispiel 13,
wobei der Mikrocontroller (1) zur Kontrolle der
mindestens einen LED konfiguriert ist, um einen
visuellen Alarm zur Anzeige einer Notsituation
bereitzustellen.

15. Vorrichtung gemag irgendeinem der vor-
angehenden Ausfuhrungsbeispiele, ferner um-
fassend eine Vielzahl von visuellen Anzeigen
(61), die zur Anzeige des verbleibenden Kapa-
zitdtszustands der internen Spannungsversor-
gung (32) konfiguriert sind.

16. Vorrichtung gemanR Ausfuhrungsbeispiel 15,
wobei die Vielzahl von visuellen Anzeigen (61)
eine Vielzahl von LEDs umfassen, die Licht ver-
schiedener Farben ausgeben.

17. Vorrichtung gemaf irgendeinem der voran-
gehenden Ausfuhrungsbeispiele, ferner umfas-
send eine visuelle Anzeige (63), die zur War-
nung eines Benutzers konfiguriert ist, wenn eine
Batterie verpolt angeschlossen ist.

18. Vorrichtung gemaf irgendeinem der voran-
gehenden Ausfuhrungsbeispiele, ferner umfas-
send getrennte visuelle Anzeigen (62), die zur
Anzeige des Spannung-An-Status der Vorrich-
tung und zur Anzeige des Status der Starthil-
fespannung der dem Ausgangsanschluss (303)
bereitgestellten Spannung konfiguriert ist.

19. Vorrichtung gemafl irgendeinem der vor-
angehenden Ausfuhrungsbeispiele, ferner um-
fassend einen manuelle Starthilfeschalter, der
zum Aktivieren eines manuellen Starthilfemodus
konfiguriert ist, der es einem Benutzer ermog-
licht, die Starthilfespannung mit dem Ausgangs-
anschluss (303) zu verbinden, wenn der Fahr-
zeugbatterie-Isolationssensor (12) das Vorhan-
densein einer Fahrzeugbatterie nicht detektieren
kann.

20. Vorrichtung gemaf Ausfuhrungsbeispiel 19,
wobei der Mikrocontroller (1) zur Detektion der
manuellen Starthilfeschaltung fur mindestens ei-
ne vorbestimmte Zeitdauer vor dem Aktivieren
des manuellen Starthilfemodus konfiguriert ist.
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21. Vorrichtung gemaf irgendeinem der voran-
gehenden Ausfuhrungsbeispiele, ferner umfas-
send eine Starthilfekabelvorrichtung (400), die
einen Stecker (401) umfasst, zum Einstecken in
den Ausgangsanschluss, ein Kabelpaar (402a,
402b), an dessen jeweiligem einen Ende der
Stecker (401) integriertist und zum Anschlief3en
an die Anschlusse einer Batterie an dessen je-
weiligem anderen Ende konfiguriert sind.

22. Vorrichtung gemaf Ausfuhrungsbeispiel 21,
wobei das Starthilfekabel ferner ein Paar von
Ringanschlussen (404a, 404b) umfasst, die zum
jeweiligen Verbinden des Kabelpaars (402a,
402b ) an dessen anderem Ende mit einem En-
de eines Batterieanschlusses oder einer Batte-
rieanschlussklemme konfiguriert sind.

23. Vorrichtung gemaf irgendeinem der Ausfuh-
rungsbeispiele 21 oder 22, wobei der Ausgangs-
anschluss (303) und der Stecker (401) so dimen-
sioniert sind, dass der Stecker (401) nur in ei-
ner bestimmten Orientierung in den Ausgangs-
anschluss (303) passt.

24. Eine Starthilfekabelvorrichtung (400), umfas-
send: einen Stecker (401), der zum Stecken in
einen Ausgangsanschluss (303) einer tragbaren
Vorrichtung zur Batterieladestarthilfe (300) kon-
figuriert ist, die eine interne Spannungsversor-
gung aufweist; ein Kabelpaar (402a, 402b), das
mit dem Stecker (401) an dessen einen entspre-
chenden Ende integriert ist; wobei das Kabel-
paar (402a, 402b) so konfiguriert ist, dass es ge-
sondert an Anschlussen einer Batterie mit des-
sen entsprechend anderem Ende angeschlos-
sen werden soll.

25. Starthilfekabelvorrichtung (400) gemaf Aus-
fuhrungsbeispiel 24, ferner umfassend ein Paar
von Ringanschlissen (404a, 404b), die zum
jeweiligen Verbinden des Kabelpaars (402a,
402b) an dessen anderen Ende mit einem Batte-
rieanschluss oder einer Batterieanschlussklem-
me konfiguriert sind.

26. Starthilfekabelvorrichtung (400) gemaf ir-
gendeinem der Ausfuhrungsbeispiele 24 oder
25, wobei der Ausgangsanschluss (303) und der
Stecker (401) so dimensioniert sind, dass der
Stecker (401) nur in einer bestimmten Richtung
in den Ausgangsanschluss (303) passt.
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Schutzanspriiche

1. Starthilfevorrichtung zum Boosten oder Aufla-
den einer verbrauchten oder entladenen Batterie, die
einen positiven und negativen Batterieanschluss auf-
weist, die Starthilfevorrichtung umfasst:

- eine Spannungsversorgung (32);

- einen positiven Batterieverbinder zur Verbindung
der Starthilfevorrichtung mit dem positiven Batterie-
anschluss der verbrauchten oder entladenen Batterie
(72);

- einen negativen Batterieverbinder zur Verbindung
der Starthilfevorrichtung mit dem negativen Batterie-
anschluss der verbrauchten oder entladenen Batterie
(72);

- einen Leistungsschalter (15), der iber eine Schal-
tung mit der Spannungsversorgung (32) und den po-
sitiven und negativen Batterieverbindern verbunden
ist,

-wobei der Leistungsschalter (15) eingerichtet ist, die
Spannung von der Spannungsversorgung (32) zur
verbrauchten oder entladenen Batterie (72) ein- oder
auszuschalten, wenn diese mit den positiven und ne-
gativen Batterieverbindern verbunden ist,

- ein Leistungsschaltersteuerungssystem oder eine
Leistungsschaltersteuerungsschaltung, die mit dem
Leistungsschalter (15) verbunden ist und zur Steue-
rung des Leistungsschalters (15) vorgesehen ist,

- wobei das Leistungsschaltersteuerungssystem oder
die Leistungsschaltersteuerungsschaltung eingerich-
tet ist, das Vorhandensein der verbrauchten oder
entladenen Batterie (72) und die Polaritat der ver-
brauchten oder entladenen Batterie (72) zu detektie-
ren, wenn diese zwischen die positiven und negati-
ven Batterieverbinder geschaltet ist,

- wobei das Leistungsschaltersteuerungssystem oder
die Leistungsschaltersteuerungsschaltung die Span-
nungsversorgung (32) nur dann einschaltet, um die
Spannungsversorgung (32) mit der verbrauchten
oder entladenen Batterie (72) zu verbinden, wenn die
verbrauchte oder entladene Batterie (72) vorhanden
ist und zwischen den positiven und negativen Batte-
rieverbinder verbunden ist, und wenn die verbrauch-
te oder entladene Batterie (72) mit der richtigen Pola-
ritdt zwischen den positiven und negativen Batterie-
verbinder verbunden ist.

2. Die Vorrichtung gemafy Anspruch 1, wobei das
Leistungsschaltersteuerungssystem oder die Leis-
tungsschaltersteuerungsschaltung einen Mikrocon-
troller (1) enthalt, der eingerichtet ist, eine Ausgabe
zur Steuerung des Leistungsschalters (15) bereitzu-
stellen.

3. Die Vorrichtung geméaft Anspruch 2, wobei der
Mikrocontroller (1) eine Eingabe von einem oder
mehreren Sensoren empfangt, die eingerichtet sind,
das Vorhandensein der verbrauchten oder entlade-
nen Batterie (72) und eine Polaritat der verbrauchten
oder entladenen Batterie (72) zu detektieren, wenn
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diese zwischen den positiven und negativen Batterie-
verbinder verbunden ist.

4. Die Vorrichtung gemafR Anspruch 3, wobei der
eine oder die mehreren Sensoren (10, 12) einen Sen-
sor (12) umfassen, der eingerichtet ist, das Vorhan-
densein der verbrauchten oder entladenen Batterie
(72) zu detektieren, wenn diese zwischen den posi-
tiven und negativen Batterieverbinder verbunden ist
und einen anderen Sensor (10), der eingerichtet ist,
die Polaritat der verbrauchten oder entladenen Bat-
terie (72) zu detektieren, wenn diese zwischen den
positiven und negativen Batterieverbinder verbunden
ist.

5. Die Vorrichtung gemaf Anspruch 3 oder 4, wo-
bei der eine oder die mehreren Sensoren (10, 12) ei-
ne oder mehrere Erfassungsschaltungen enthalten.

6. Die Vorrichtung gemafly Anspruch 2, wobei der
Mikrocontroller (1) den Leistungsschalter (15) nur
dann einschaltet, um eine Spannung von der Span-
nungsversorgung (32) zu der verbrauchten oder ent-
ladenen Batterie (72) zu liefern, wenn die verbrauch-
te oder entladene Batterie (72) vom Mikrocontroller
(1) als vorhanden und mit der richtigen Polaritat ver-
bunden erkannt wird.

7. Die Vorrichtung gemafly Anspruch 2, wobei der
Mikrocontroller (1) ein programmierbarer Mikrocon-
troller (1) ist, der eingerichtet ist, Funktionsupdates
und Systemparameterupdates zu ermdéglichen.

8. Die Vorrichtung gemafd Anspruch 7, wobei der
programmierbare Mikrocontroller (1) einen Speicher
enthalt.

9. Die Vorrichtung gemafy Anspruch 1, wobei der
positive Batterieverbinder ein positives Batteriekabel
(402a) und der negative Batterieverbinder ein nega-
tives Batteriekabel (402b) enthalt.

10. Die Vorrichtung gemaf® Anspruch 9, wobei
das positive Batteriekabel (402a) eine positive Bat-
terieklemme (403a) und das negative Batterieka-
bel (402b) eine negative Batterieklemme (403b) auf-
weist.

11. Die Vorrichtung gemaft Anspruch 1, wobei die
Spannungsversorgung (32) eine Lithiumionenbatte-
rie enthalt, die in der Starthilfevorrichtung vorhanden
ist.

12. Die Vorrichtung geman Anspruch 11, wobei die
Lithiumionenbatterie ein Batteriepack enthalt, wel-
ches mehrere Lithiumionenbatterien aufweist.

13. Die Vorrichtung gemaf} Anspruch 1, wobei der
Leistungsschalter (15) mehrere FETs enthalt, die par-
allel geschaltet sind.
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14. Die Vorrichtung gemaf Anspruch 4, wobei der
eine Sensor (12) ein Sensor ist, der das Vorhanden-
sein einer verbrauchten oder entladenen Batterie (72)
erfasst und der andere Sensor (10) ein Verpolungs-
sensor ist.

15. Die Vorrichtung gemaf Anspruch 14, wobeider
Fahrzeugisolationssensor (12) und der Verpolungs-
sensor (10) optisch gekoppelte Isolationsphototransi-
toren enthalten.

16. Die Vorrichtung gemal Anspruch 1, weiter um-
fassend mehrere Leistungsdioden (28), die zwischen
die positiven und negativen Batterieverbinder und die
Spannungsversorgung (32) gekoppelt sind, um eine
Ruckaufladung der Spannungsversorgung (32) durch
ein an die verbrauchte oder entladene Batterie (72)
angeschlossenes elektrisches System zu verhindern.

17. Die Vorrichtung gemald Anspruch 1, weiter ent-
haltend einen Ausgangsanschluss (303), der positi-
ve und negative gepolte Anschlusse zu den positiven
und negativen Batterieverbindern aufweist.

18. Die Vorrichtung gemaf Anspruch 2, weiter ent-
haltend einen Temperatursensor (20) zur Detektion
der Temperatur der Spannungsversorgung (32) und
zum Bereitstellen eines Temperatursignals an den
Mikrocontroller (1).

19. Die Vorrichtung gemaf Anspruch 2, ferner um-
fassend eine Spannungsmessungsschaltung (24),
die zur Messung der Ausgabespannung der Span-
nungsversorgung (32) und zum Bereitstellen eines
Spannungsmessungssignals an den Mikrocontroller
(1) konfiguriert ist.

20. Die Vorrichtung gemalk Anspruch 1, weiter
enthaltend einen Spannungsregler (42), der zur Um-
wandlung der Ausgabespannung der Spannungsver-
sorgung (32) in einen Spannungspegel konfiguriert
ist, der geeignet ist, um internen Komponenten der
Vorrichtung eine Betriebsspannung bereitzustellen.

21. Vorrichtung gemaf Anspruch 1, ferner umfas-
send einen USB-Ausgangsanschluss (56) und eine
USB-Ausgangsladeschaltung, die zum Bereitstellen
einer Ladungsspannung von der Spannungsversor-
gung (32) an eine USB-ladbare Vorrichtung konfigu-
riert sind.

22. Vorrichtung gemaf Anspruch 1, ferner umfas-
send einen USB-Ladeanschluss (52), der zum Be-
reitstellen einer Ladespannung von einer externen
Spannungsquelle an die Spannungsversorgung (32)
konfiguriert ist.

23. Vorrichtung gemaf Anspruch 22, ferner um-
fassend: eine USB Ladeschaltung, die den USB-La-
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deanschluss (52) mit der Spannungsversorgung (32)
verbindet.

24. Vorrichtung gemaft Anspruch 23, wobei die
USB Ladeschaltung einen DC-DC Konverter (49) ent-
halt.

25. Vorrichtung gemafy Anspruch 24, wobei der
DC-DC Konverter (49) eingerichtet ist, ein 5V Poten-
zial von einem USB Ladegerat auf 12.4V DC umzu-
wandeln.

26. Vorrichtung gemaf Anspruch 24, wobei der
DC-DC Konverter (49) eingerichtet ist, uber eine
Schaltung durch eine Ausgabe von einem Mikrocon-
troller (1) ein und ausgeschaltet zu werden.

27. Vorrichtung gemafl Anspruch 14, weiter ent-
haltend einen manuellen Starthilfeschalter (46), der
eingerichtet ist, einen manuellen Starthilfemodus zu
aktivieren, um es einem Benutzer zu ermdglichen, ei-
ne Starhilfespannung an eine verbrauchte oder ent-
ladene Batterie (72) anzulegen, wenn diese zwischen
den positiven und negativen Batterieverbindern ver-
bunden ist, und wenn der Sensor (12), der das Vor-
handensein der verbrauchten oder entladenen Batte-
rie (72) erfasst, nicht in der Lage ist, das Vorhanden-
sein der verbrauchten oder entladenen Batterie (72)
zu detektieren.

28. Vorrichtung geméaf} Anspruch 27, wobei der Mi-
krocontroller (1) eingerichtet ist, eine Betatigung des
manuellen Starthilfeschalters (46) fiir wenigstens ei-
ne vorbestimmte Zeitperiode zu erkennen, bevor der
manuelle Starthilfemodus aktiviert wird.

29. Vorrichtung gemafl Anspruch 1, wobei die
positiven und negative Batterieverbinder durch ein
Starthilfekabel (400) gebildet sind, das einen Ste-
cker (401), der eingerichtet ist, in einen Ausgangsan-
schluss (303) gesteckt zu werden, und ein Kabelpaar
(420a, 402b) aufweist, das mit dem Stecker (401) an
einem Ende vom Kabel (400) integriert ist und einge-
richtet ist, an die positiven du negativen Batteriean-
schliisse der verbrauchten oder entladenen Batterie
(72) am anderen Ende vom Kabel (400) verbunden
zu werden.

30. Vorrichtung gemald Anspruch 29, wobei der
Ausgangsanschluss (303) und der Stecker (401) so
dimensioniert sind, dass der Stecker (401) nur in ei-
ner spezifischen Orientierung in den Ausgangsan-
schluss (303) passt.

31. Starthilfevorrichtung zum Boosten oder Auf-
laden einer verbrauchten oder entladenen Batterie
(72), die einen positiven Batterieanschluss und ne-
gativen Batterieanschluss aufweist, die Starthilfevor-
richtung umfasst:

- eine Spannungsversorgung (32);
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- einen positiven Batterieverbinder zur Verbindung
der Starthilfevorrichtung mit dem positiven Batterie-
anschluss der verbrauchten oder entladenen Batterie
(72);

- einen negativen Batterieverbinder zur Verbindung
der Starthilfevorrichtung mit dem negativen Batterie-
anschluss der verbrauchten oder entladenen Batterie
(72);

- einen Leistungsschalter (15), der Uber eine Schal-
tung mit der Spannungsversorgung (32) und den po-
sitiven und negativen Batterieverbindern verbunden
ist,

-wobei der Leistungsschalter (15) eingerichtet ist, die
Spannung von der Spannungsversorgung (32) zur
verbrauchten oder entladenen Batterie (72) ein- oder
auszuschalten, wenn diese mit den positiven und ne-
gativen Batterieverbindern verbunden ist,

- ein Leistungsschaltersteuerungssystem oder eine
Leistungsschaltersteuerungsschaltung, die mit dem
Leistungsschalter (15) verbunden ist und zur Steue-
rung des Leistungsschalters (15) vorgesehen ist,

- wobeidas Leistungsschaltersteuerungssystem oder
die Leistungsschaltersteuerungsschaltung eingerich-
tet ist, das Vorhandensein der verbrauchten oder
entladenen Batterie (72) und die Polaritat der ver-
brauchten oder entladenen Batterie (72) zu detektie-
ren, wenn diese zwischen den positiven und negati-
ven Batterieverbinder verbunden ist,

-wobeidas Leistungsschaltersteuerungssystem oder
die Leistungsschaltersteuerungsschaltung die Span-
nungsversorgung (32) nur dann einschaltet, um die
Spannungsversorgung (32) mit der verbrauchten
oder entladenen Batterie (72) zu verbinden, wenn das
Leistungsschaltersteuerungssystem oder die Leis-
tungsschaltersteuerungsschaltung sowohl! erkennt,
dass die verbrauchte oder entladene Batterie (72)
vorhanden ist und zwischen den positiven und ne-
gativen Batterieverbinder verbunden ist, und die ver-
brauchte oder entladene Batterie (72) mit der richti-
gen Polaritat zwischen den positiven und negativen
Batterieanschlissen verbunden ist.

32. Vorrichtung gemafl Anspruch 31, wobei das
Leistungsschaltersteuerungssystem oder die Leis-
tungsschaltersteuerungsschaltung die Spannungs-
versorgung (32) nicht einschaltet, um die Spannungs-
versorgung (32) mit der verbrauchten oder entlade-
nen Batterie (72) zu verbinden, wenn das Leistungs-
schaltersteuerungssystem oder die Leistungsschal-
tersteuerungsschaltung erkennt, dass entweder (i)
die verbrauchte oder entladene Batterie (72) nicht
vorhanden ist oder nicht zwischen den positiven und
negativen Batterieverbindern verbunden ist oder (ii)
die verbrauchte oder entladene Batterie (72) nicht mit
derrichtigen Polaritat zwischen den positiven und ne-
gativen Batterieanschlissen verbunden ist

33. Vorrichtung gemaf Anspruch 31, wobei das
Leistungsschaltersteuerungssystem oder die Leis-
tungsschaltersteuerungsschaltung eingerichtet ist,
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das Vorhandensein der verbrauchten oder entlade-
nen Batterie (72) zu erkennen, wenn diese zwischen
die positiven und negativen Batterieverbinder ge-
schaltet ist und die Polaritat der verbrauchten oder
entladenen Batterie zu erkennen, wenn diese zwi-
schen die positiven und negativen Batterieverbinder
geschaltet ist bevor die Spannung von der Span-
nungsversorgung (32) zu der der verbrauchten oder
entladenen Batterie (72) eingeschaltet wird

Es folgen 13 Seiten Zeichnungen
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Engine Start and Battery Support Module
CROSS-REFERENCE TO RELATED APPLICATION(S)

[0001] This application claims the priority benefit, under 35 U.S.C. 119(e), of U.S.
Application No. 62/014,910, entitled “Energy Start and Battery Support Module™ and filed on
June 20, 2014. The aforementioned application is incorporated herein by reference in its

entirety.
BACKGROUND

[0002] Changes to common practice, laws, and accepted behavior in both the automotive
and wucking industries has forced the shutdown of engines during stops. Shutting down a car
or truck engine causes stress on the battery and starter motor, leading to weakened batteries
and overall lower system performance. Harsh conditions such as extreme cold environments

exacerbate the problem and may lead to outright battery failure and/or starter failure.

[0003] The number of shutdowns per day for an engine may depend on the vehicle
architecture, vehicle use, etc. In general, there are two types of vehicle architectures: “local
delivery” vehicles, which can have, for example, as many as 250 shut-off events per day, and
“long haul” vehicles, which can have up to, for example, 25 shut-off events per day. These
shut-off events create low voltage conditions on the vehicle’s DC electrical bus, which result
in higher power requirements from the on-board energy storage system. Low voltage
conditions on the DC electrical bus can also stress other vehicle components, including

Electronic Control Units (ECUSs), relays, switches, and pumps.
SUMMARY

[0004] Embodiments of the present invention include an energy start and battery support
module configured to support the supply of energy directly to the vehicle’s direct current
(DC) voltage bus using Ultra Capacitors (UCs) that allow both the spinning of the starter
motor and voltage support for short term battery loads during stops when the vehicle’s engine
is off. This module does not necessarily require any wiring changes to the vehicle, nor does it
necessarily require or involve any vehicle alterations or changes to vehicle operating

procedures.

[0005] The module can automatically stabilize the vehicle’s DC voltage during off
sequences regardless of the static load variations or engine starter variations by modulating

the transfer of energy—including during engine start—in order to support a healthy battery

1.
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and longer starter life. It can automatically adjust the amount of energy it stores in order to
prolong the lives of the UCs and the electronics within the module. In some cases, the module
supplies the proper voltage for the vehicle’s electronics and/or the vehicle’s starter in the

event that the vehicle’s battery is totally dead.

[0006] Some embodiments of the module can recharge the UCs automatically based on the
ability of the vehicle to supply power. For example, the module may include a DC boost
converter that recharges the UCs or a switch that splits the UCs into two or more equal or
unequal stacks and buck charges the stacks in parallel. The module may transfer more power
to the UCs if the alternator is running and less power if the vehicle’s batteries do not have
enough energy to initiate a vehicle starting sequence. The module can also transfer energy
from the UCs when the vehicle’s alternator is not running. In some cases, the module may not
drain the vehicle’s battery below a preset voltage level, e.g., 9 volts in a 12-volt system or 18

volts in a 24-volt system.

[0007] In some embodiments, the module allows a vehicle’s operator to re-initiate the
charging of the module in the event the vehicle does not start on the first try or the batteries
are too weak to supply enough power on their own, eliminating the use of a separate jump
start. In some embodiments, the module can fit into a standard battery area on the vehicle

using a standard battery case size or can be scaled for any vehicle as desired.

[0008] In some embodiments, the system can pass the 30-day airport test in any vehicle
without causing the batteries to go dead. As understood by those of skill in the art, the 30-day
airport test simulates leaving a vehicle parked at an airport, at temperatures down to —20 °C,
for 30 days. During these 30 days, the vehicle’s electrical system consumes energy from the
battery or energy storage system to run critical vehicle systems, such as alarms, computers,
locking mechanisms, clocks, etc. When the vehicle owner returns, the vehicle should have
enough energy remaining in its energy storage system (traditionally a lead acid battery) to
initiate the cranking event and support the engine starting systems. Passing the 30-day airport

test is a common requirement for automotive battery and electrical systems.

[0009] The module can be implemented as a solid-state system (e.g., without relays to
transfer of energy in either direction). For example, the module’s electronics may include one
or more enhancement mode n-channel field-effect transistors (N-FETS), which can be used in
parallel to reduce the Equivalent Series Resistance (ESR) of the delivery of the energy or
even in the split mode recharging scheme. In some embodiments, the total quiescent current
of the electronics may be less than 50 mA so that excess drain does not occur over extended

periods of time.
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[0010] A module may include a DC converter whose input and output voltage and current
can be controlled, allowing: (1) the voltage on the back of UCs to be controlled precisely; (2)
the charge current on the UCs to be controlled, facilitating the ability to bring a completely
dead set of UCs up to full charge; (3) the input current to be set so as not to draw too much
power out of the system, allowing the vehicle’s DC bus to operate other devices; and/or (4)
the minimum input voltage to be set for throttling back the UCs charging in order to avoid
operating the battery systems outside of a desired or predetermined (e.g., safe) operating

regime.

[0011] The DC converter can be broken up into multiple phase angles, enabling lower peak
currents, less electromagnetic interference (EMI), and/or smaller more efficient components.
The multiple phases may be equally spaced on a 360° basis. For example, a 4-phase DC
converter splits the current pump charge into four equal parts that are 90 degrees apart in the
time spectrum. The DC converter can control the current and/or voltage on the input side and
the current and/or voltage on the output side. For instance, the voltage output can set the
maximum voltage potential that is stored on the UCs, which may equal the stored energy (the
energy may be expressed by the equation E = 0.5CV?). Current output control may allow the
DC converter to charge a completely empty bank of UCs without excessive current (e.g.,
current that would normally collapse the converter). In some embodiments, the input voltage
limit and the input current control may allow the system to operate when the alternator is not
running and energy being transferred off the battery is limited to prevent the DC bus from

going below a predetermined voltage (e.g., 9 V fora 12 V system or 18 V for a 24 V system).

[0012] The module can be packaged to have only two terminal connections to the outside
world and can be connected to an engine just like a battery is connected to the engine.
Installation may be simple and safe, and little to no current may flow when the module is
initially connected. The controls can be co-located on a single printed circuit board assembly

(PCBA) for simplicity and lower cost.

[0013] Control of the entire system can be based on the DC voltage, which enables the
bidirectional transfer of energy using acceptable set points and predetermined battery
voltages. This control can be accomplished in either the analog or digital domain; control can
also be asynchronous and therefore adaptable to just about any vehicle. The control has
appreciably zero built-in hysteresis, thus allowing fast and extremely steady voltage levels.
Stability may be achieved because it is asynchronous and has no forced frequency domain in
the response. In other words, the transfer of energy may not be forced at any rate or regulator

repeated pulses. In some cases, only enough energy is transferred to satisfy the set points.

3.
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Since each vehicle and each vehicle’s wiring loads are unique, this allows a one-size-fits-all

module architecture.

[0014] An example module can include active balancing circuits for controlling (e.g.,
equalizing) the Ultra Capacitor charge, thereby preventing any single Ultra Capacitor from
taking too much energy. The UC balancing circuit can be dynamic and the set points may
vary with temperature. Because the energy is modulated back to the vehicle’s DC bus, the
energy stored in the UCs can be higher than that of the vehicle’s rated system itself. This
allows more energy to be stored and fewer peak currents to occur than is the case when
energy is stored at a nearly equipotential. This method supports extended static vehicle load
support for longer periods, including those in the delivery vehicle use case. There is no
practical limit to the number of Ultra Capacitors used to store energy or their exact
parallel/series configurations as long as the total cell voltage is higher than the voltage level

of the vehicle’s battery system.

[0015] In some embodiments, the module can include multiple voltage comparators (e.g.,
three for each DC converter) and logic coupled to the voltage comparators. The logic
determines whether or not to recharge or deliver energy based on the values of some or all of
the voltage comparators (e.g., two of the three voltage comparators). This substantially
increases the system’s overall reliability and dependability. It can also include two smaller
DC converters that support the operation of the system’s electronics over a very wide DC bus

operating range and overcome the gate-source voltage threshold.

[0016] The module can be compatible with batteries of any chemistry, including but not

limited to lead acid batteries.

[0017] Additional embodiments of the present technology include methods for regulating a
voltage level of a vehicle battery in a vehicle. In an example method, control logic determines
if the voltage level is below a predetermined voltage threshold, which may be based on the
vehicle battery age, vehicle age, vehicle battery condition, vehicle battery quantity, vehicle
battery type, vehicle starter type, starter age, temperature, and experience of the vehicle
driver. If the voltage level is below the predetermined voltage threshold, the control logic
initiates a discharge of at least one ultracapacitor in electrical communication with the vehicle
battery. The control logic modulates the discharge of the ultracapacitor so as to raise the
voltage level at least to the predetermined voltage threshold, e.g., by by controlling current

flow through at least one transistor in electrical communication with the ultracapacitor.

[0018] In addition, the control logic may transfer energy from the vehicle battery to the

ultracapacitor while the vehicle alternator is off. This transfer of energy can be initiated after
4,
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determining that the voltage level exceeds a recharge voltage threshold. In some cases, the
transfer of energy is initiated only when voltage amount of the vehicle battery exceeds the
recharge voltage threshold. Energy may also be transferred from the vehicle battery to the

ultracapacitor when the voltage level is less than a voltage level required to start the vehicle.

[0019] In some cases, there may a plurality of ultracapacitors that are switched by the
control logic between a parallel configuration for charging and a serial configuration for

discharging.

[0020] Another example of the present technology includes an apparatus for regulating a
voltage level of a vehicle battery. This apparatus may comprise a plurality of ultracapacitors
connected in series to store charge; at least one voltage comparator in electrical
communication with the vehicle battery and the ultracapacitors; and control logic in electrical
communication with the voltage comparator and the ultracapacitors. In operation, the
comparator performs a comparison of the voltage level to a predetermined voltage threshold.
And the control logic modulate discharges of the ultracapacitors based on the comparison so

as to raise the voltage level to at least the predetermined voltage threshold.

[0021] In some embodiments, the control logic comprises at least one transistor, in
electrical communication with the ultracapacitors, to control current flow into and/or out of
the ultracapacitors. The comparator can be in electrical communication with a gate of the

transistor to control the current flow into and/or out of the ultracapacitors.

[0022] The apparatus may also comprising a direct current (DC) converter in electrical
communication with the ultracapacitors and the voltage comparator(s). In operation, the DC
converter charges the ultracapacitors in response to a comparison of the voltage level and a
recharge voltage threshold. In these examples, the voltage comparator may comprises a first
voltage comparator in electrical communication with the DC converter and a second voltage
comparator in electrical communication with the control logic. The first voltage comparator
enables the DC converter if the voltage level exceeds the recharge voltage threshold, and the
second voltage comparator performs the comparison of the voltage level to the predetermined
voltage threshold. The DC converter can also be configured to transfer charge from the
vehicle battery to the ultracapacitors in response to an output from the voltage comparator
indicating that voltage level is above the recharge voltage threshold. And the DC converter
can deliver energy to a vehicle bus of the vehicle in response to an output from the

comparator(s).

[0023] The apparatus may also include a temperature sensor, operably coupled to the DC

converter, to monitor a temperature of the vehicle battery. If desired, the DC converter can be
5.
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configured to vary the predetermined voltage threshold and/or the recharge voltage threshold

based on the temperature of the vehicle battery.

[0024] The apparatus may also include a switch, in electrical communication with the
ultracapacitors, to switch the ultracapacitors between a serial configuration and a parallel
configuration, e.g., for discharging and charging, respectively. And the apparatus may
include a manual interface, operably coupled to the control logic, that enables a driver of the

vehicle to engage and/or disengage the apparatus.

[0025] Another embodiment includes an apparatus for regulating a voltage level of a
vehicle battery that includes: a plurality of ultracapacitors; a first voltage comparator in
electrical communication with the vehicle battery; control logic in electrical communication
with the first voltage comparator and the ultracapacitors; a second voltage comparator in
electrical communication with the vehicle battery; control logic in electrical communication
with the first voltage comparator and the ultracapacitors; a DC converter in electrical
communication with the ultracapacitors and the second voltage comparator; and a
temperature sensor operably coupled to the DC converter. In operation, the first voltage
comparator compares the voltage level to a first voltage threshold. The control logic
discharges the ultracapacitors if the voltage level is below the first voltage threshold. The
second voltage comparator compares the voltage level to a second voltage threshold. The
control logic discharges the ultracapacitors if the voltage level is above the second voltage
threshold. The DC converter charges the plurality of ultracapacitors if the voltage level is
above the second voltage threshold. And the temperature sensor monitors a temperature of
the vehicle battery. The DC converter can also vary the first voltage threshold and/or the

second voltage threshold based on the temperature of the vehicle battery.

[0026] It should be appreciated that all combinations of the foregoing concepts and
additional concepts discussed in greater detail below (provided such concepts are not
mutually inconsistent) are contemplated as being part of the inventive subject matter
disclosed herein. In particular, all combinations of claimed subject matter appearing at the
end of this disclosure are contemplated as being part of the inventive subject matter disclosed
herein. It should also be appreciated that terminology explicitly employed herein that also
may appear in any disclosure incorporated by reference should be accorded a meaning most

consistent with the particular concepts disclosed herein.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The skilled artisan will understand that the drawings primarily are for illustrative
purposes and are not intended to limit the scope of the inventive subject matter described
herein. The drawings are not necessarily to scale; in some instances, various aspects of the
inventive subject matter disclosed herein may be shown exaggerated or enlarged in the
drawings to facilitate an understanding of different features. In the drawings, like reference
characters generally refer to like features (e.g., functionally similar and/or structurally similar

elements).
[0028] FIG. 1A is aphotograph of an example Engine Start and Battery Support Module.

[0029] FIGS. I1B-C are schematic diagrams illustrating example use of Engine Start and

Battery Support Module installed in a vehicle (e.g., a car or truck).

[0030] FIGS. 2A-B show circuit diagrams depicting an overall master architecture for an

example Engine Start and Battery Support Module.

[0031] FIGS. 3A-C show several embodiments of a DC converter that may be used in the

Engine Start and Battery Support Module to recharge a bank of expended ultracapacitors.
[0032] FIGS. 3D-E show example features of the isolated DC converters of FIG. 3C.

[0033] FIG. 4 shows switches in an Engine Start and Battery Support Module for switching
inter-cell connections between ultracapacitors from series connections to parallel connections

and vice versa.

[0034] FIGS. 5A-B shows ultracapacitors arranged in a non-split (FIG. SA) and split (FIG.

5B) series configuration for use in an Energy Start and Battery Support Module.

[0035] FIGS. 6A-B show circuit diagrams of example direct current converters that can be

used in the Engine Start and Battery Support Module.

[0036] FIG. 7 shows a flow diagram illustrating an example operation of an Engine Start

and Battery Support Module.
DETAILED DESCRIPTION

[0037] Ultracapacitor-based engine cranking systems can be used to assist vehicle battery
systems to crank when initiating an engine starting sequence. With these systems, existing
vehicle wiring systems may be rerouted to create a direct connection from the ultracapacitors
to the starter motor. In some cases, the ultracapacitors may be in parallel with the vehicle

batteries. As the starting sequence is initiated, the ultracapacitors are discharged, providing
7.
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energy to spin the starter motor. After the engine is started, the vehicle’s alternator/generator
is used to generate electricity and thus recharge the ultracapacitors. This system may also
include a DC/DC converter that recharges the ultracapacitors from the parallel connected

batteries.
[0038] An Example Engine Start and Battery Support Module

[0039] FIG. 1 shows an example ultracapacitor (UC)-based Engine Start and Battery
Support Module (hereinafter a “Module”) 100 that can be used to assist a vehicle battery
system during an engine starting sequence. The Module 100 shown in FIG. 1 is a two-wire
system and can be included into any standard DC bus in parallel with any number of
batteries. The Module 100 can be used to maintain a healthy DC bus voltage for a vehicle that
is starting (e.g., by vehicle starter 101) or consuming a large load while stopped. It may be
used to augment existing batteries 102 in vehicles, e.g., as shown in FIGS. 1B-C, or as a
replacement for traditional lead acid batteries. Some of the advantages of such a module are
that it can be installed safely and without special tools and may require little or no wiring

changes to existing infrastructures.

[0040] In some embodiments, the Module 100 can include a bank of UCs that supports both
engine 103 starting assistance and “hotel load” 104a support. The term “hotel load” refers to
the non-driving energy demands on a vehicle, including energy use for lights, air
conditioning, heating, computers, tracking systems, safety systems, etc., which are indicated
in FIG. 1C as vehicle loads 104a and accessory loads 104b. When a vehicle’s engine 103 is
off, the vehicle’s energy demands constitute the hotel load. The Module 100 can be used to
start a vehicle and/or to deliver energy back to the vehicle in a controlled fashion to support
either the vehicle’s static loads during short term stops and/or to supply energy to get the
vehicle’s electronics functioning, thus allowing the vehicle to start once the engine 103 is
cranked. Examples of static loads during short stops may be the electronics, air-conditioning,
lighting systems, etc., left on once the vehicle’s engine 103 has stopped. In some

embodiments, the static loads may include accessory loads 104b.

[0041] In some embodiments, the Module 100 can be configured to address the
difficulty/inability of vehicles to start in adverse weather, under duress from extremely weak
batteries, and/or from the effects of an excessively high number of engine starts. Further, the
Module 100 enhances the health of the vehicle’s battery 102 and starter motor 101 by
maintaining (e.g., increasing if it has fallen) the voltage on the vehicle’s direct current (DC)
bus 106, which comprises, for example, negative DC bus 106a and positive DC bus 106b
(FIG. 1C), during short off times and cranking. For example, maintaining a higher and/or
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more stable voltage allows for increases in the life of the batteries 102 and the starter motor

101, in some cases dramatically.

[0042] In some embodiments, the Module 100 may be all solid-state. As understood in the
art of electronic, solid-state components, including field-effect transistors (FETs) and
insulated gate bipolar transistors (IGBT), tend to be faster, more reliable, and consume less
power than relays and contactors. Further, the Module 100 may provide capabilities to allow
a driver a manual “Redo” button that would start the transfer of energy from the batteries 102
to the UCs. For example, this may be used in the situation where the vehicle may not start the
first time. Such may allow the system to recharge on command even when the alternator 105
is not running. While the duration-to-charge time may be longer, the net result may be the
same. In addition, more and/or larger banks of UCs can be added to increase the system’s

total energy storage capabilities, for example, for an Auxiliary Power Unit (APU).

[0043] In some embodiments, the Module 100 can, physically and/or energetically, be
scaled to meet most or all applications. For example, the Module 100 can be designed to fit
into battery group Battery Council International (BCI) size 31 (e.g., corresponding to heavy-
duty commercial grade batteries). In some embodiments, the overall shape can be
approximately rectangular, and the two wires can correspond to the positive and negative
battery terminals. In some embodiments, the Module 100 may be compatible with existing
vehicle battery systems and may not require special installation methods, tools, and/or safety
requirements, serving as a one size fits all type of architecture. For example, the Module 100
can be designed to fit into housing that is a standard battery size, and can also tie directly on
the bus. In some embodiments, the Module 100 can fit into a Group 31 size with a height that
is slightly higher than the standard Group 31 battery or “bumped out” to support 18 cells with
electronics. A newly tooled case can be used to maximize space as the Module 100 can be
lighter than a heavy lead battery. FIGS. 1B-C show schematic diagrams illustrating example

use of Engine Start and Battery Support Module 100 installed in a vehicle.
[0044] Engine Start and Battery Support Module Architectures

[0045] FIGS. 2A-B show circuit diagrams depicting an overall master architecture 200 for
an example Engine Start and Battery Support Module 100 with a two wire system
corresponding to a positive battery terminal 212a and a negative battery terminal 212b. The
architecture 200 allows for independent adjustments of the voltage levels at which hotel loads
and engine starts are supported, thus providing for variable energy delivery depending on the
specific application and/or exact installation. The Module 100 is capable of modulating the
transfer of energy between the UCs 201 and the system batteries 102 in both directions. For

.
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example, the Module 100 recognizes when to deliver charge to keep batteries 102 alive for
short stops without the engine running. It also recognizes the static loads to reset the
electronics in some applications prior to starting. In addition, it may automatically connect
any remaining energy in the UC bank 201 directly in parallel to the batteries 102 during an
engine start, thereby keeping the system voltage above some determined lower levels that
may cause premature battery and starter motor failures. In effect, it changes the ESR of the
entire vehicles DC system. Different combinations of series and parallel cell configurations

may be used depending on the amount of ESR to be used in comparison to hotel load.

[0046] For example, the architecture 200 contains a serial string of UCs 201, each of which
can be high specific capacitance electrochemical capacitor that stores energy electrostatically.
A typical UC 201 has a capacitance value that is about 10,000 times that of an electrolytic
capacitor, an energy density approximately 10% that of a conventional battery, and a power
density up to 100 times that of the battery. This allows for a faster charge and discharge
cycles for ultra-capacitors 201 compared to conventional batteries. It can also give UCs 201

extremely long cycle lives compared to batteries.

[0047] Each UC 201 can be charged to a predetermined level of per cell voltage. As a
specific example, the UCs 201 may be charged to support 2.7 V/cell. The per-cell voltage
value may be shifted automatically higher (e.g., 3.0 V/cell) when a low temperature is
reached (e.g., 0° F) and even higher per-cell voltage (e.g., 3.3 V/cell) when the temperature
falls even lower (e.g., below —20° F). In some embodiments, the temperature may be
measured by a sensor 202. In some embodiments, each pack of UCs 201 may use a DC/DC
converter (e.g., a S00 W DC/DC converter) 203 that can be settable in a factory to a voltage
range, e.g., from 16.2 V to 24 V. The converter 203 may have either a boost or single-ended

primary inductor converter (SEPIC) topography.

[0048] In some embodiments, the energy stored in the UCs 201 may be taken from the DC
bus, and in some instances, it may be transferred directly back from the UCs 201 onto the
same DC bus, allowing for a controlled charging process of batteries 102 in a vehicle.
Effectively, the Module 100 dynamically adjusts the Equivalent Series Resistance (ESR) of
the vehicle’s electrical system substantially constantly. In some embodiments, the Module
100 comprises UCs 201 that may have significantly lower ESR than a typical battery and
offer the ability to store energy quickly and to deliver the stored energy back to the vehicle
with minimal interface based on the vehicle’s changing needs both instantly and/or on a
continuous basis. The lower the ESR of the UCs 201, the more efficient the overall energy

transfer can be. The system can be scalable to the desired energy, which may be dictated by
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the size of the vehicle and its “work flow.” The Module 100, by modulating the transfer of
energy from the UCs 201 back to the DC battery bus, delivers the desired amount of energy,
instead of delivering too much energy (and wasting excess energy) or falling short and not
delivering enough energy, as may happen when a module delivers a predetermined amount of
power. In some embodiments, the modulation of the transfer of energy and/or the charging
and/or discharging of UCs 201 may be controlled by a logic control 210 that may be in
electrical communication with the DC converter 203 and the UCs 201, and can be
accomplished via FET 220. The Module 100 determines how to modulate the energy transfer
based on variations in voltage and/or current caused by several variables, including but not
limited to vehicle DC bus loads, starter motor sizes, battery age, wiring conditions, battery
conditions, battery quantity, accessories, starter type, starter age, battery type, temperature,

experience of the driver, etc.

[0049]  For example, the Module 100 may allow for energy to be drawn from otherwise
dead batteries over an extended period of time without further collapsing them below a
destructive voltage level. For example, a lead-acid battery that is discharged to a point where
its voltage is not high enough to start an internal combustion engine may still possess enough
energy to completely charge one or more UCs (e.g., if the UC stores less energy than the
battery). The Module 100 may charge the UCs 201 from the battery 102 using a DC
converter 203 that controls both the current and voltage on both the input side and the output

side of the UC 201 and battery 102 couple.

[0050] In supporting the DC bus voltage of the vehicle’s battery 102, in some
embodiments, the transfer of energy to the DC bus may be pulsed, e.g., by a buck converter.
For example, the pulse may not be a fixed pulse-width modulation (PWM) 204 but rather
may be at the natural frequency of the specific truck that it is installed in. In short, energy
transferred from the UCs 201 to the battery 102 is based on the vehicle’s demand at that
moment. The recharge of the UCs 201 can be either pulsed if the cells are divided to enable a
buck converter or recharged using a DC converter 203. In either case, the total voltage on the
bank of UCs 201 may be actively adjusted both upwards and downwards depending on some
parameter of interest, a particular example being the temperature in the module, as measured
by a temperature sensor 202, for example. Such an embodiment may make efficient use of

the potential energy that can be stored in each cell as well as extend the life of the cells.

[0051] In some embodiments, the Module may recharge the UCs 201 when the alternator
105 isn’t running. The DC converter 203 may recharge the bank of UCs 201 by transferring

the energy proportional to the vehicle’s ability to deliver it. For example, the Module 100
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may not take too much energy out of the batteries 102 that the batteries 102 would drain
below some lower limit potential (e.g., lower than 9 V). In addition, the power transfer to
recharge the UCs 201 can be scalable using parallel combinations of controller chips
arranged in a master and (many) slave organization where each controller contributes an
additional phase worth of energy up to 12 phases. As such, a 250 W, 500 W, 750 W, etc.
charger could be used with little expense. In implementing multiple phases, one phase
controls the master timing and the other “slave” phases are shifted by equal intervals from the
master. The use of multiple phases allows the power transfer to be spread over time, thus

effecting smaller peak currents and smaller more efficient components.

[0052] In some embodiments, the UCs 201 can be charged primarily using the vehicle’s
alternator 105 (shown in FIGS. 1B and 1C). In some embodiments, the UCs 201 can be
charged by drawing energy from the batteries 102 of the vehicle. The recharging of the UCs
201 may be either automatic and can occur when the enginelQ3 is running (i.e., alternator
105 is on) or it may be when commanded to do so during an emergency situation where the
vehicle is without enough power to start on its own. For example, the Module 100 can power
up and reset itself automatically upon being connected into a live battery system. For
example, if the Module 100 is connected in parallel to the battery system 102, when the
vehicle is started, the alternator 105 charges the batteries 102 as originally intended while the
Module 100 draws energy from the batteries 102. The Module 100 can balance the voltage on
the power bus between the UC’s 201 and batteries 102 until the UC’s 201 have reached

capacity.

[0053] In some embodiments, each Module 100 may be able to operate in either an
automatic and/or manual mode, e.g., via the manual interface 214 shown in FIG. 2A. The
automatic mode may be utilized for delivery applications and very short haul uses where the
number of engine starts per day are large, where it will be used to keep the battery bus alive
for hotel support during a delivery stop. The manual mode may be utilized to start the truck
where it will be used to energize the starter 101 with minimal energy used to operate the
truck, enough to keep alive the electronics during a start sequence. In some embodiments,
whether the Module 100 is in a manual mode or an automatic mode may be controlled by a
switch 216 that, when turned on, allows the driver to engage the Module 100 via the manual

interface 214.

[0054] In the automatic mode of operation, the energy is released initially slowly to
maintain a specified battery bus voltage until the UC bank 201 is expended. When the bus

voltage equals the UCs voltage, the two systems are effectively in parallel from then on. In
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the automatic mode, the actual battery bus voltage determines when the system goes from
charging to neutral to discharging. When the mode of operation is manual, the energy is
released slowly initially to maintain a specified battery bus voltage and then when the UC
voltage equals the battery bus voltage the two systems are effectively in parallel. In manual
mode, the Module senses an attempt to start the engine as indicated, e.g., by a turn of the
ignition key or the voltage on a voltage meter on the instrument panel. Otherwise this system
operates just like in the automatic mode except the beginning of the event is triggered
intentionally. In the manual mode, the UC system does not lengthen the starting sequence

and the driver starts the truck as normal.

[0055] Further, in some embodiments, the UCs’ per-cell charge can be adjusted and raised
during periods of low temperatures (e.g., less than 0° F) and even higher during ultra-low
temperatures (e.g., less than —20° F). The raising of the cell voltage, which can be dynamic
and/or automatic, may lead to an increase in the UC energy storage capability. In addition,
some embodiments allow for the slow release of this energy based on the DC bus voltage
using a pulse-width modulation (PWM) controller. The charging can be either from an
onboard DC/DC converter 203, an alternating current (AC) hook up, and/or from smartly

switching the banks of UCs 201 between parallel and serial connections.

[0056] The cell charging system has three characteristics, the first being where possible the
alternator 105 may be used to recharge the UCs 201 up to a predetermined voltage, e.g.,
14.5 V. This may be accomplished using a FET 220 when the bus voltage is higher than the
voltage across the UC bank 201. Second, above 14.5 V, each product can use a 500 W
DC/DC converter 203 that is settable in the factory to a desired voltage range, e.g., from 16.2
V to 24 V. The converter 203 may be designed on a boost or SEPIC topography, and is
capable of working down to 9 V in the event a future re-start option is included. Third, when
the voltage on the pack reaches its predetermined set point, even when the truck is off for
extended periods, the converter 203 may be designed to minimize its quiescent current to
keep the overall system’s drain low, yet with the dependability of being available for a start at
any time. The current drain may be approximately 1 W per 100 kJ of stored energy, once

charged, for example.

[0057] Cell balancing can be a clamping type in order to reduce or minimize self-drain. It
can have temperature compensated set points with one or more distinct levels, e.g., three
levels at 2.7V, 3V, and 3.3 V. In some embodiments, the voltage set points may be
maintained at the DC system voltage regulator 230, e.g., the DC system voltage regulator 230

may be set to match various ultracapacitor cell voltages for balancing. In some cases, the
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balancing may be supplied by the ultracapacitors 201 and/or the DC system voltage regulator
230 to reduce or minimize self-drain. In some embodiments, this compensation may happen
automatically. In some embodiments, the cell balancing can be on the same Printed Circuit

Board Assembly (PCBA) as the control logic 210 in FIG. 2A.

[0058] In the exemplary implementations discussed herein and/or any other
implementations of the embodiments of the present technology, additional features may be
available. For example, a smart user interface 107 could be included (e.g., connected to the
Module 100 via a cable as shown in FIG. 1B) to indicate to the driver the status of the UC
pack 201 (e.g., UC power level). The smart user interface 107 may include LED status
indicators or a “smart” UC fuel gauge display that indicate the status of the UC pack 201. It
may also include “Redo” button that gives the driver the option to redo a charge sequence.
Further, connections to the controller area network bus (CANbus) of the vehicle could be
offered for better integration into the vehicle’s system, in some cases by the vehicle

manufacturer as an integral part of the built-in display.

[0059] In some embodiments, the energy in the Module 100 may be stored at a level that is
higher than the nominal voltage on the bus and may then be released as desired to support the
healthy DC bus voltage of a vehicle regardless of the static load 104 or even during the
vehicle’s starting sequence. In some embodiments, the vehicle starting event may be
regarded as a big static load, and the Module’s support of the DC bus may cover both the
vehicle starting sequence and the static load. In these embodiments, rewiring the vehicle or
delivering energy to the starter motor 101 may become unnecessary. The module architecture
200 keeps the voltage stored in the UC bank 201 at a higher level than the battery bus and
releases it slowly depending on the dip of that bus voltage due to load changes. Pure DC is
pushed to the bus using a PWM buck converter with N-channel FETs 205 delivering the
power with an inductor sized for the hotel or truck electronics load only after which it
saturates when the FETs 205 are on fully. The PWM 204 puts the UC bank 201 in parallel to
the battery 102 when the PWM 204 reaches 100% on. The loop maintains a predetermined

battery bus voltage level with a time response rated at >10 kHz.

[0060] In some embodiments, the Module 100 delivers energy directly to the DC bus and
does so in an asynchronous way without (intentional) hysteresis. As such, even during an
engine cranking, the system may maintain a voltage as close to a set point (e.g., 12.5 V) as
possible even as the load of the system changes by a large factor (e.g., 1000 or more) during a
starting cycle. In some embodiments, the recharge may be multi-phase and dynamic with

four quadrants being controlled allowing the system to adjust to the environment, the state of
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charge of the UCs, and the system batteries. (Here, the term “quadrants” refers to the current
and voltage control of the input and output of the converter.) Further, the transfer of energy is
pulsed in variable amounts, thereby reducing pseudo Electro-Magnetic Interference (EMI)
emitted from the module. The Module 100 acts very much like a frequency-hopping radio in

this regard. The pulses may occur at a fixed repetition frequency or have fixed pulse widths.
[0061] DC Converters for Recharging Ultracapacitors

[0062] FIGS. 3A-C show several embodiments of a DC converter 303 that may be used in
the Module 100 to recharge the bank of UCs 301 when they are expended. The recharge may
occur in between start cycles and while the engine is running. Further, in some embodiments,
the converters 303 may be used to charge the UC bank 301 initially when the Module 100 has
been installed and to recharge the UC bank 301 when the batteries 302 and the bank of UCs
301 are depleted either by extended vehicle off-time or when the vehicle will not start after
the initial attempt(s). In such embodiments, the DC converter 303 may be able to control the
input voltage cutoff so as not to ruin an otherwise depleted battery (e.g., when it is drawing
energy from the battery 302 to charge up the UCs 301), control both the input and output
current in order to be able to charge nearly empty UCs 301, and/or control a variable output
voltage set point in order to control the energy stored on the bank of UCs 301 as the

temperature varies.

[0063] Exemplary embodiments of DC converters 303 that can be used in the Module 100
comprise enhancement mode (normally open) N-FETs that allow for the modulation of the
transfer of power to a vehicle’s DC bus. In some embodiments, the DC converter 303 may be
bi-directional, while in others it may not be bi-directional, but rather may comprise separate
converters that regulate the transfer of power by monitoring the currents on either side.
Further, in some embodiments, the DC converters 303 in the Module 100 may have no
limitations as to how much energy can be transmitted on the delivery side. In addition, they
may be scalable. For example, during an engine start the energy may be transferred without
much delay and with as much energy as the UCs 301 have stored in order to keep that DC
bus at some desired voltage (e.g., 12.5 V), which may effectively result in the UCs 301 being

in parallel to the battery 302 in a starting sequence.

[0064] FIG. 3A shows an example module architecture 300a coupled to a conventional
battery 302 in vehicle. The module includes a bank of UCs 301 connected in series with a DC
voltage bus that is electrically connected to the battery’s 302 positive terminal and an isolated
DC converter 303a. The DC converter 303a may be electrically isolated as the positive is
connected to the positive battery terminal (BAT+) through the inductor, effectively changing
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its ground potential. In these embodiments, the control of voltage and current on its input and

output may have to be transferred over the isolated barrier.

[0065] The ground side of the UC bank 301 is coupled to the drain side of a set of N-FETs
305, which have sources coupled to the battery’s 302 negative terminal and the DC converter
303a. In some embodiments, the gates of the N-FETs 305 are coupled to the output of a first
voltage comparator 306, which has an input coupled to the DC voltage bus. A second voltage
comparator 307 has an input coupled to the DC voltage bus and an output that enables or
disables the isolated DC converter 303a. In operation, the first voltage comparator 306
compares the bus voltage to a set point voltage (e.g., 12 V) and triggers a pulse from the UC
bank 301 whenever the bus voltage falls below the set point voltage, thereby maintaining the
bus voltage at or above the set point voltage. The second voltage comparator 307 compares
the bus voltage to charge voltage (e.g., 13.5 V) and enables the DC converter 303a whenever
the bus voltage falls below the charge voltage. In response to the enable signal, the DC

converter 303a charges the UC bank 301.

[0066] FIG. 3B shows a non-isolated DC converter 303b where the N-FETs 305 are in the
high side and the DC converter 303b charges the “tops” of the UCs 301 maintaining a ground
connection all the time. This allows the DC converter 303b not to be isolated, reducing the
cost of it significantly in both prototyping and production terms. In some embodiments, the
drive circuit for the N-FETs 305 may have the gate-source voltage V gesource t0 be at least
several volts (e.g., 10 V) higher than the source voltage Vsource (and in some instances, the
Vsouree may be BATH). Since, in such embodiments, BAT+ may be sitting between 9 volts
and 14.5 volts above ground, this may cause Vgaesource t0 be approximately 24 volts, which
could result in the use of a small separate boost circuit. In some embodiments, one may also
use isolated high side FET drivers that can switch this voltage level into the high gate
capacitance for the parallel bank of N-FETS that may be used to deliver the current during an
engine start. The exemplary embodiment shown in FIG. 3B has the advantages of having

fewer connections and components.

[0067] FIG. 3C shows a system comprising two DC converters 303c and 303d, where one
converter 303d is used to charge or recharge the bank of UCs and the other converter 303c is
used to deliver the energy back to the DC bus. Each of these converters in their “normal”
mode may have a set point that triggers the converter to turn on. For example, to promote a
healthy battery, an exemplary 12.5 V set-point may be chosen to deliver energy back to the
DC bus and a 13.75V set-point to initiate a recharge cycle. Other set points can be

determined differently as these are adjustable. However, the Module architecture 300c also
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monitors the input and output currents. This feature allows the recharging of the UCs 301 to
begin at times other than just when the alternator 105 is running, such as but not limited to
when the batteries 302 are too weakened to perform a start and the bank of UCs 301 are

exhausted such as during an extended stop.

[0068] FIG. 3E and FIG. 3D show details of some example features of the isolated DC
converters 303c and 303d, respectively. In some embodiments, these converters may be bi-
directional, and in others, they may not be bi-directional. In the examples shown in FIGS.
3D-E, the separate isolated converters regulate the transfer of power by monitoring currents

on the charge input side (FIG. 3E) and the discharge output side (FIG. 3D).

[0069]  As discussed above, in some embodiments, a Module’s energy may be stored in
UCs 201 that may be configured in series and/or parallel configurations. The amount of
capacitance and/or the type of battery a Module 100 is compatible with may not be restricted,
and in most embodiments, the voltage on the capacitors 201 may be higher than the voltage
in the vehicle. The method of boosting the voltage can employ a conventional boost style
converter that can be configured as a flyback, straight boost, or SEPIC, and may be either
isolated or non-isolated. The converter can use a multi-phase approach to minimize the peak
switching currents, which can in turn allow smaller, more efficient components, better EMI
performance, and lower cost. In increments of a set amount of power (e.g., 250 W), more
phases can be added that may increase the recharge power level and reduce the recharge time.
When each phase is added its switching frequency may intentionally be out of phase with the

first switch.
[0070] Internal Ultracapacitor Connections for Charging and Discharging

[0071] FIG. 4 shows an embodiment depicting the changing of inter-cell connections within
UCs 401 between series and parallel connections to accommodate a buck-only charge and
discharge scheme is shown. In some embodiments, the UCs 401 may be recharged by
splitting them up into equal banks of cells 401a and 401b where their fully charged total
voltage is less than the vehicle’s system. In some embodiments, the UCs 401 may be charged
by splitting the UCs 401 into several banks, each bank containing same and/or different
number of UCs 401. In such embodiments, the UCs 401 can be recharged in a buck mode
where energy is pulsed down to the caps. Such embodiments require more solid state
switches and additional current control. When charged, the packs may be put back in series
and readied for delivering power. In some embodiments, a series/parallel switch 402 can split
the UCs 401 into two parallel banks 401a and 401b with equal numbers UCs 401 with total
voltages below the vehicle’s system voltage, or connect them to form a single UC bank with
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a total voltage above the vehicle’s system voltage. In some embodiments, this may allow a

single buck converter to be used for charging and discharging the UCs 401.

[0072] FIGS. 5A and 5B show converters 503 that can be used in some exemplary methods
of charging the UCs 501 in the Module 100. FIG. 5A shows a separate and dedicated non-
isolated DC converter 503a that boosts the voltage up to the UCs 501a during a recharge
cycle. FIG. 5B shows splitting the cell stack in two 501b and 501c (e.g., equal halves each
containing half of total number of cells) and then buck charging each half in parallel using the
vehicle’s nominal DC bus as the point where the energy is taken from. In some embodiments,
the vehicle’s voltage may be higher than each of the split cells. The energy may be pulsed in
a controlled manner to each stack in a buck mode concept. The switches 502 represent points
where the stacks are “put together” and then “separated” to accomplish this. Once charged to
a given voltage, the two stacks are then put back in series for use in the “delivery” mode, i.e.,
energy out mode. The mechanical switches 502 shown represent the “solid state” switching

that may occur in real time.

[0073] In some embodiments, the switches 502 may be comprised of enhancement mode
N-FETs and may carry the appropriate maximum current when connected in the delivery
(energy out) mode (e.g., up to 2500 A). In some embodiments, the FETs can be sized to
handle the charging current which may be in the range of 10-25 A. The switching of FIG. 5B
may be less expensive and may provide for smaller electronics and allow for the re-usage of
the on-board inductor in both directions. In some embodiments, the current mode controller
may monitor and limit the root mean square (RMS) current that flows from the vehicle’s
battery to the two stacks of UCs 501b and 501c smartly and under most or all circumstances
of the state of the charge on the capacitors. In some embodiments, more capacitors 501, and
more stacks of UCs (e.g., 3, 4, 5, etc.) may be used, where each stack may contain same

and/or different number of UCs.

[0074] In some embodiments, the DC converters shown in FIG. 5B can be utilized to buck
switch the charging of the bank of UCs 501 by splitting the UCs 501 into two equal stacks
501b and 501c, then recombining them in series when they are charged and readied for use.
The splitting of the UCs 501 in two equal stacks may allow the UCs’ fully charged voltage to
be double when recombined (e.g., each is charged to 12.0 V, or 24.0 V when recombined).
The example as shown in FIG. 5B includes four switch circuits 502a, 502b, 502c¢ and 502d
where two of those switches 502c and 502d may be capable of handling the high currents

during an engine start and the other two 502 a and 502b can be sized smaller as they are used
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to let charging currents pass through them. An example of a switch that can be used is N-
FET.

[0075] In some embodiments of FIG. 5B, several N-FETs may be used to modulate power
back to the DC bus. For example, if a Module 100 in a non-split configuration (e.g., FIG. 5A)
includes ten N-FETs, the total number of N-FETs for split cell configuration (e.g., FIG. 5B)
could increase to 22 N-FETs. In such embodiments, depending on the current level, inductive
current sensing instead of standard current sense resistors may be used for sensing high
current. Some embodiments may include one or more voltage sensors to measure small

voltage drop across the inductor and then create the closed loop controls around their values.

[0076] FIGS. 6A-B shows detailed circuit diagram schematics of exemplary DC converters
that may be used in the Module. The DC converters can be multi-phase boost converters
capable of delivering 250 W/phase with four-quadrant current and voltage control on both the
input and output. This system can have an efficiency of approximately 95% and can be single
phase. As each phase gets added, the power can increase proportionally. Each successive
phase is intentionally “out of phase” with the preceding one by 360°/n where n is the total
number of phases. This reduces the peak currents and keeps the component sizes small. The
system may allow for faster recharge rates where these phases could be added at the request
of the customer, or they may be proportional to the size of the vehicle where the module is to

be installed.
[0077] Operation of an Engine Start and Battery Support Module

[0078] FIG. 7 shows a flow diagram illustrating an example operating process for an
Engine Start and Battery Support Module 100. In some embodiments, the DC converter may
be able to control or set the thresholds and maximum values for both the input and output
voltages and current. Charging UCs 701 when they are empty may present a problem in that
they may act like dead shorts, and unless the output current is sensed and controlled the DC
converter may hiccup, collapse, or burn up. Setting an output current limit should help

avoiding or limiting such complications.

[0079] In some embodiments, the output voltage setting may set the desired voltage on the
UCs 701 and may be variable based on temperature in order to increase or maximize the
capacitor’s life and deliver the appropriate energy when desired, especially in ultra-cold
environments. And the input current limit and minimum voltage can be useful in avoiding the
collapse of the batteries 702 below their safe operating region (e.g., 9 volts in a 12-volt
system) when the DC bus is being drained during a recharge recycle while the alternator is

off. In some embodiments, this function may be dynamic and the control may be
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proportional—the more power is available for the recharge, the more power the system (e.g.,
converter 703) may take. For example, at 9 volts, the power consumed by the converter may
be zero, and at 13.75 volts the power may be 250 Watts for a single phase system and for any
voltage in between, the power consumed may be proportionally in between 0 Watts and 250
Watts. In some embodiments, the converter may also have a quiescent current of less than 25

mA when it is disabled which may be useful in maintaining overall system performance.
[0080] Example Engine Start and Battery Support Modules

[0081] The following non-limiting examples are intended to highlight aspects of Engine

Start and Battery Support Modules according to principles of the present disclosure.

[0082] Example device I: Number of cells: eight in series; UC cell capacitance: 3000 F;
Total Capacitance: 375 F; Voltage: 21.6 V when the temperature is greater than about 0° F

and 24 V when the temperature is less than about 0° F.

[0083] Example device 1 can provide “hotel load” support as a primary function with the
secondary function being reserving energy for the actual starting sequence. The ratio is
approximately 10:1 with the hotel load support getting more energy. The system
automatically supports a battery bus voltage from a string of UCs stacked in series and
charged up to 2.7 V/cell or 3.0 V/cell depending on temperature. When the voltage on the
cells equals the battery voltage they are then put in parallel by the design of the architecture.

Exemplary application of this device is when vehicles are used for delivery.

[0084] Example device 2: Number of cells: two parallel strings of six cells each in series;
UC cell capacitance: 3000 F; Total Capacitance: 1000 F; Voltage: 16.2V when the
temperature is greater than about 0° F and 18.0 V when the temperature is less than about 0°

F.

[0085] Example device 2 can deliver energy to crank the vehicle while providing a reduced
or minimal amount of energy to keep alive the vehicle electronics during that process.
Exemplary application of this device is when vehicles are used for capacitance without

auxiliary power units.

[0086] Example device 3: Number of cells: three parallel strings of six cells each in series;
UC cell capacitance: 3000 F; Total Capacitance: 1500 F; Voltage: 16.2 V when the
temperature is greater than about 0° F and 18.0 V when the temperature is less than about 0°

F.

[0087] Example device 3 can deliver energy to crank the vehicle while providing a reduced

minimal amount of energy to keep alive the vehicle electronics during that process. This
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application supports delivering more energy for vehicle electronics during vehicle starting
event, especially on vehicles where there are more than four batteries in parallel. Exemplary
application of this device is when vehicles are used for capacitance with auxiliary power

units.

[0088] Example device 4: Number of cells: three parallel strings of six cells each in series
UC cell capacitance: 3000 F; Total Capacitance: 1500 F; Voltage: 16.2 V when the
temperature is greater than about 0° F, 18.0 V when the temperature is less than about 0° F,

and 19.8 V when the temperature is less than about —20° F.

[0089] Example device 4 delivers increased or maximum energy to crank the vehicle in

ultra-low temperature applications.
[0090] Conclusion

[0091] While various inventive embodiments have been described and illustrated herein,
those of ordinary skill in the art will readily envision a variety of other means and/or
structures for performing the function and/or obtaining the results and/or one or more of the
advantages described herein, and each of such variations and/or modifications is deemed to
be within the scope of the inventive embodiments described herein. More generally, those
skilled in the art will readily appreciate that all parameters, dimensions, materials, and
configurations described herein are meant to be exemplary and that the actual parameters,
dimensions, materials, and/or configurations will depend upon the specific application or
applications for which the inventive teachings is/are used. Those skilled in the art will
recognize, or be able to ascertain using no more than routine experimentation, many
equivalents to the specific inventive embodiments described herein. It is, therefore, to be
understood that the foregoing embodiments are presented by way of example only and that,
within the scope of the appended claims and equivalents thereto; inventive embodiments may
be practiced otherwise than as specifically described and claimed. Inventive embodiments of
the present disclosure are directed to each individual feature, system, article, material, kit,
and/or method described herein. In addition, any combination of two or more such features,
systems, articles, materials, kits, and/or methods, if such features, systems, articles, materials,
kits, and/or methods are not mutually inconsistent, is included within the inventive scope of

the present disclosure.

[0092] The above-described embodiments can be implemented in any of numerous ways.
For example, embodiments of the present technology may be implemented using hardware,
firmware, software or a combination thereof. When implemented in firmware and/or

software, the firmware and/or software code can be executed on any suitable processor or
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collection of logic components, whether provided in a single device or distributed among

multiple devices.

[0093] In this respect, various inventive concepts may be embodied as a computer readable
storage medium (or multiple computer readable storage media) (e.g., a computer memory,
one or more floppy discs, compact discs, optical discs, magnetic tapes, flash memories,
circuit configurations in Field Programmable Gate Arrays or other semiconductor devices, or
other non-transitory medium or tangible computer storage medium) encoded with one or
more programs that, when executed on one or more computers or other processors, perform
methods that implement the various embodiments of the invention discussed above. The
computer readable medium or media can be transportable, such that the program or programs
stored thereon can be loaded onto one or more different computers or other processors to

implement various aspects of the present invention as discussed above.

[0094] The terms “program™ or “software’ are used herein in a generic sense to refer to any
type of computer code or set of computer-executable instructions that can be employed to
program a computer or other processor to implement various aspects of embodiments as
discussed above. Additionally, it should be appreciated that according to one aspect, one or
more computer programs that when executed perform methods of the present invention need
not reside on a single computer or processor, but may be distributed in a modular fashion
amongst a number of different computers or processors to implement various aspects of the

present invention.

[0095] Computer-executable instructions may be in many forms, such as program modules,
executed by one or more computers or other devices. Generally, program modules include
routines, programs, objects, components, data structures, etc. that perform particular tasks or
implement particular abstract data types. Typically the functionality of the program modules

may be combined or distributed as desired in various embodiments.

[0096] Also, data structures may be stored in computer-readable media in any suitable
form. For simplicity of illustration, data structures may be shown to have fields that are
related through location in the data structure. Such relationships may likewise be achieved
by assigning storage for the fields with locations in a computer-readable medium that convey
relationship between the fields. However, any suitable mechanism may be used to establish a
relationship between information in fields of a data structure, including through the use of

pointers, tags or other mechanisms that establish relationship between data elements.

[0097] Also, various inventive concepts may be embodied as one or more methods, of

which an example has been provided. The acts performed as part of the method may be
22.

EXHIBIT 1002
Page 1330 0f 2235 petitioner ADC (IPR2024-00577)



WO 2015/195321 PCT/US2015/033743

ordered in any suitable way. Accordingly, embodiments may be constructed in which acts
are performed in an order different than illustrated, which may include performing some acts

simultaneously, even though shown as sequential acts in illustrative embodiments.

[0098] All definitions, as defined and used herein, should be understood to control over
dictionary definitions, definitions in documents incorporated by reference, and/or ordinary

meanings of the defined terms.

[0099] The indefinite articles “a” and “an,” as used herein in the specification and in the

claims, unless clearly indicated to the contrary, should be understood to mean “at least one.”

[0100] The phrase “and/or,” as used herein in the specification and in the claims, should be
understood to mean “either or both” of the elements so conjoined, i.e., elements that are
conjunctively present in some cases and disjunctively present in other cases. Multiple
elements listed with “and/or” should be construed in the same fashion, i.e., “one or more” of
the elements so conjoined. Other elements may optionally be present other than the elements
specifically identified by the “and/or” clause, whether related or unrelated to those elements
specifically identified. Thus, as a non-limiting example, a reference to “A and/or B”, when
used in conjunction with open-ended language such as “comprising” can refer, in one
embodiment, to A only (optionally including elements other than B); in another embodiment,
to B only (optionally including elements other than A); in yet another embodiment, to both A

and B (optionally including other elements); etc.

[0101] As used herein in the specification and in the claims, “or” should be understood to
have the same meaning as “and/or” as defined above. For example, when separating items in
a list, “or” or “and/or” shall be interpreted as being inclusive, i.e., the inclusion of at least
one, but also including more than one, of a number or list of elements, and, optionally,
additional unlisted items. Only terms clearly indicated to the contrary, such as “only one of”
or “exactly one of,” or, when used in the claims, “consisting of,” will refer to the inclusion of
exactly one element of a number or list of elements. In general, the term “or” as used herein
shall only be interpreted as indicating exclusive alternatives (i.e. “one or the other but not

29 ¢

both) when preceded by terms of exclusivity, such as “either,” “one of,” “only one of,” or
“exactly one of.” “Consisting essentially of,” when used in the claims, shall have its ordinary

meaning as used in the field of patent law.

[0102] As used herein in the specification and in the claims, the phrase “at least one,” in
reference to a list of one or more elements, should be understood to mean at least one element
selected from any one or more of the elements in the list of elements, but not necessarily

including at least one of each and every element specifically listed within the list of elements
23.
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and not excluding any combinations of elements in the list of elements. This definition also
allows that elements may optionally be present other than the elements specifically identified
within the list of elements to which the phrase “at least one” refers, whether related or
unrelated to those elements specifically identified. Thus, as a non-limiting example, “at least
one of A and B” (or, equivalently, “at least one of A or B,” or, equivalently “at least one of A
and/or B”) can refer, in one embodiment, to at least one, optionally including more than one,
A, with no B present (and optionally including elements other than B); in another
embodiment, to at least one, optionally including more than one, B, with no A present (and
optionally including elements other than A); in yet another embodiment, to at least one,
optionally including more than one, A, and at least one, optionally including more than one,

B (and optionally including other elements); etc.

[0103] In the claims, as well as in the specification above, all transitional phrases such as

EL] EE] EE] ”

“comprising,” “including,” “carrying,” “having,” “containing,” “involving,” “holding,”
“composed of,” and the like are to be understood to be open-ended, i.e., to mean including
but not limited to. Only the transitional phrases “consisting of” and “consisting essentially
of” shall be closed or semi-closed transitional phrases, respectively, as set forth in the United

States Patent Office Manual of Patent Examining Procedures, Section 2111.03.
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CLAIMS

1. A method for regulating a voltage level of a vehicle battery in a vehicle, the method
comprising:

determining if the voltage level is below a predetermined voltage threshold;

if the voltage level is below the predetermined voltage threshold, initiating a
discharge of at least one ultracapacitor in electrical communication with the vehicle battery;
and

modulating the discharge of the at least one ultracapacitor so as to raise the voltage

level at least to the predetermined voltage threshold.

2. The method of claim 1, wherein the predetermined voltage threshold is determined
based on at least one of vehicle battery age, vehicle age, vehicle battery condition, vehicle
battery quantity, vehicle battery type, vehicle starter type, starter age, temperature, and

experience of a driver of the vehicle.

3. The method of claim 1, wherein modulating the discharge of the at least one
ultracapacitor comprises controlling current flow through at least one transistor in electrical

communication with the at least one ultracapacitor.

4, The method of claim 1, further comprising:
while a vehicle alternator is off, transferring energy from the vehicle battery to the at

least one ultracapacitor.

5. The method of claim 4, wherein the transfer of energy is initiated after determining

that the voltage level exceeds a recharge voltage threshold.

6. The method of claim S, wherein the transfer of energy is initiated only when voltage

amount of the vehicle battery exceeds the recharge voltage threshold.

7. The method of claim 1, further comprising:
transferring energy from the vehicle battery to the at least one ultracapacitor when the

voltage level is less than a voltage level required to start the vehicle.

3. The method of claim 1, wherein the at least one ultracapacitor comprises a plurality of
ultracapacitors, and further comprising:
switching the plurality of ultracapacitors between a parallel configuration for charging

and a serial configuration for discharging.

2S.
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9. An apparatus for regulating a voltage level of a vehicle battery, the apparatus
comprising;:

a plurality of ultracapacitors connected in series to store charge;

at least one voltage comparator, in electrical communication with the vehicle battery
and the plurality of ultracapacitors, to perform a comparison of the voltage level to a
predetermined voltage threshold; and

control logic, in electrical communication with the at least one voltage comparator
and the plurality of ultracapacitors, to modulate discharge of the plurality of ultracapacitors
based on the comparison so as to raise the voltage level to at least the predetermined voltage
threshold.

10. The apparatus of claim 9, wherein the control logic comprises at least one transistor,
in electrical communication with the plurality of ultracapacitors, to control current flow into

and/or out of the plurality of ultracapacitors.

11. The apparatus of claim 10, wherein the at least one comparator is in electrical
communication with a gate of the at least one transistor to control the current flow into and/or

out of the plurality of ultracapacitors.

12. The apparatus of claim 9, further comprising;:

a direct current (DC) converter, in electrical communication with the plurality of
ultracapacitors and the at least one voltage comparator, to charge the plurality of
ultracapacitors in response to a comparison of the voltage level and a recharge voltage

threshold.

13. The apparatus of claim 12, wherein the at least one voltage comparator comprises:
a first voltage comparator, in electrical communication with the DC converter, to
enable the DC converter if the voltage level exceeds the recharge voltage threshold; and
a second voltage comparator, in electrical communication with the control logic, to

perform the comparison of the voltage level to the predetermined voltage threshold.

14. The apparatus of claim 13, wherein the DC converter is configured to transfer charge
from the vehicle battery to the plurality of ultracapacitors in response to an output from the

voltage comparator indicating that voltage level is above the recharge voltage threshold.

15. The apparatus of claim 12, further comprising:
a temperature sensor, operably coupled to the DC converter, to monitor a temperature

of the vehicle battery.
26.
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16. The apparatus of claim 15, wherein the DC converter is configured to vary the
predetermined voltage threshold and/or the recharge voltage threshold based on the

temperature of the vehicle battery.

17. The apparatus of claim 12, wherein the DC converter is further configured to deliver
energy to a vehicle bus of the vehicle in response to an output from the at least one

comparator.

18. The apparatus of claim 9, further comprising:
a switch, in electrical communication with the plurality of ultracapacitors, to switch

the plurality of ultracapacitors between a serial configuration and a parallel configuration.

19. The apparatus of claim 9, further comprising;:
a manual interface, operably coupled to the control logic, to enable a driver of the

vehicle to engage the apparatus.

20. An apparatus for regulating a voltage level of a vehicle battery, the apparatus
comprising:

a plurality of ultracapacitors;

a first voltage comparator, in electrical communication with the vehicle battery, to
compare the voltage level to a first voltage threshold;

control logic, in electrical communication with the first voltage comparator and the
plurality of ultracapacitors, to discharge of the plurality of ultracapacitors if the voltage level
is below the first voltage threshold;

a second voltage comparator, in electrical communication with the vehicle battery, to
compare the voltage level to a second voltage threshold;

control logic, in electrical communication with the first voltage comparator and the
plurality of ultracapacitors, to discharge of the plurality of ultracapacitors if the voltage level
is above the second voltage threshold;

a direct current (DC) converter, in electrical communication with the plurality of
ultracapacitors and the second voltage comparator, to charge the plurality of ultracapacitors if
the voltage level is above the second voltage threshold; and

a temperature sensor, operably coupled to the DC converter, to monitor a temperature
of the vehicle battery,

wherein the DC converter is configured to vary the first voltage threshold and/or the

second voltage threshold based on the temperature of the vehicle battery.
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AUG6997198A Portable booster battery

Data eriginating frem seurces ether than the EPO may net be accurate, cemplete, or up te date.

4/ P/00/01 1 Regulation 3.2 AUSTRALIA Patents Act 1990 ORIGINAL COMPLETE SPECIFICATION
STANDARD PATENT 4SIS1S5,4'ISICCS09.

SC4.,9,I4.

Invention Title: Portable Booster Battery The following statement is a full descripsion of this invention,
including the best method of performing it known to me/us: Obr/00 tIMM\W ICMt "114% C 1/'1A PORTABLE
BOOSTER BATTERY Field of the Invention The present invention relates to batteries and more specifically to
batteries that are moved from location to location, to connect to different devices, especially discharged for dead
batteries of motor vebicles.

Background of the Invention Most automobiles are presently powered by an internal combustion engine which
must be spun up to speed externally before they can operate. The engines are usually spun up to speed by an
electric motor that is powered by battery. The As battery is then charged by a generator connected to the engine
once the engine is operating or running. The battery is usually able to store enough charge for the periods that
the engine is not running in order to start the engine when needed.

‘When the battery does not have sufficient charge to start the engine, a way must be found to recharge the battery
or bypass the battery with a separate charge.

Since very often a discharged battery is caused by an external drain such as leaving the lights on or playing the
radio, once the engine is started by either recharging the battery or bypassing it by sending a separate charge the
0lautomobile will continue to operate properly.

t Since there are many things that will temporally cause a battery to lose its charge, the need to recharge or
bypass batteries with separate charges is common. Very often another or booster battery is brought to the
vicinity of the dead battery and electrical cables are used to connect the booster battery to the dead battery in
parallel in order to recharge and/or bypass the dead battery. This often known as boosting or jump starting the
dead battery or engine.

In this method of boosting, the cables are disconnected from the batteries after each use so as to prevent short
circuits. This method and structure however, is cumbersome since there are at least two parts and they demand
great attention 2since there are 4 connectons to make and a bad connecton in either one will result in a short
circuit or failure to start the engine.

Some manufacturers have tried to resolve the problem by combining the battery and cables in one unit, The
problems that have arisen with these units are that the cables which are permanently connected to the battery are
always live so they have to be protected as to not touch each other. The amount of amperage available in these
batteries is very large and if the cables touch each other it would create a short circuit and damage the cables and
batteries. To isolate the live cables, some manufacturers have used protective pouches. These are not practical to
use since they are often in the way when wying to boost. Also it is ime consuming to put the cables in and out
of the pouches.

Other manufacturers have incorporated a male cigar lighter plug at the end of the cables permitting the user to
plug this into the female cigar lighter plug of the vehicle. The problem with this unit is that one can only use this
tool on vehicles equipped with the female cigar lighter plugs. Also, since the plugs almostalways Ip.. have a
maximum amperage rating of 30 amps and that most starter motors draw much more than 30 amps, the capacity
is not adequate.

Summary and Objects of the Invension V It is any object of the present invention to provide a portable booster
battery which can be easily carried to a car with a dead battery and connected to the dead battery of the car in
order to provide sufficient charge to start the engine. It is also an object of the present invention to make the
portable booster battery easy to use, maintain and safe from electrical short circuits which could damage the
battery, the cables and the surrounding environment.
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The present invention addresses these objectives by providing a portablel automobile booster including: Obr/0
an electrical storage device having a positive terminal and a negative terminal; (br/(0 CD/981600086 3 a
housing for containing said electrical storage device; bt/ a first cable having a first end and a second end, the
first end connected to the positive terminal of said electrical storage device; Jbr/0 a second cable having a first
end and a second end, the first end connected to the negative terminal of said electrical storage device; br/0 a
first clamp connected to the second end of said first cable, said first clamp including a band gripping end and a
clamping end, said clamping end constructed for electrically connecting said first cable to a positive terminal of
an automobile battery, said hand gripping end operable to selectively open and close said clamping end; Obr/0
1se a second clamp connected to the second end of said 15 second cable, said second clamp including a band
gripping end and a clamping end, said clamping end constructed for elecwically connecting said second cable to
one of a negative terminal of said automobile battery and a ground of an automobile, said hand gripping end
operable to selectively open and close said clamping end; bt/ a first holster connected to said housing and
provided for receiving said first clamp; and a second holster connected to said housing and provided for
receiving said second clamp.

Preferably the housing includes a plastic material. More preferably the elecwical storage device includes a
battery. The battery may be a sealed, non-spillable battery. Advantageously, the first holster is pivotably
connected to said housing 4with the pivotal connection to the housing being preferably at least 90 degrees.

More advantageously, the first holster includes a bit, and the clamping end of said first clamp is attached to said
bit. Also, the first holster may include a cover.

The various features of novelty which characterize the invention are pointed out with particularly in the claims
annexed to and forming a part of this disclosure. For a better understanding of the invention, its operating
advantages and specific objects attained by its uses, reference is made to the accompanying drawings and
descriptive matter in which preferred embodiments of the invention are illuswated.

Brief Description of the Drawings In the drawings: Obr/0 Fig 1 is a plan view of an embodiment of the present
invention; O0br/0 0 Fig 2 is a partial cross sectional side view according to section line I-11 of Fig 1 and with the
holster pivoted approximately 300;0br/0J Fig 3 is a view of the bit means without the cover of the holster and
with a poréiona 0 *1 #r" 15 of the housing; Obr/0 Fig 4 is a perspective view of another embodiment of the
present invention; bt/ Fig S is a view of one recharging plug; Jbr/0 Fig 6 is a view another recharging plug.

Detailed Description of the Preferred Embodiments Referring to the drawings, in particular Fig 1, the unit
comprises of a housing 1 which is preferably made out of plassic. Inside the housing 1 is the elecwical storage
device which is preferably a sealed non-spillable battery. First and second electrical cables 6 are connected to
terminals of the battery inside the housing 1.

The cable 6 extend outside the housing and are preferably held to the housing by Vgrooves 10 when the cables
are not in use.

4 41 4t 4 At the other end of the cable 6 from the battery which is inside the housing 1, are clamp means 7 for
electrically connecting the cable to the terminals of a dead battery or portions of an elecwical system. As can be
seen in the drawings, especially Figs 1 and 2, the housing has a box-like shape. First and second dimensions of
the box-like shape are of a size that is roughly or approximately similar to the two largest dimensions of the
clamp means 7.

Holster means 4 are preferably posifioned on opposite sides of the housing 1. The holster means 4 includes a
cover 8 which is rounded at one end and opened at another end 22. The holster means 4 also includes bit means
S for connecting with the clamp means 7 when the clamps means is inside the holster means 4.

The cover 8 is made of non-electrically conductive material and is preferable that the bit means S and the
housing 1 are also non-conducting. The holster means 4 is pivotably connected to the housing 1 by at least 900.
This allows easier insertion 15 and removal of the clamps means 7 independent of the posision of the housing 1.

The bit means S is preferably positioned in substantially the middle of the holster with regard to the length of the
housing 1.

The unit also can have a recharging connection 12 for charging the energy storage device. Preferably this
recharging connecon 12 is male cigar lighter plug which can extend from the housing 1 in order to plug into
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the cigar lighter receptacle of an automobile. An accessory power connection 11 is also provided for a powering
accessories with the unit. This accessory connection 11 is preferably a female cigar lighter receptacle and can be
used power such equipment as portable lights, invertors, compressors, vacuum cleaners and refrigerators.

In order to determine the amount of charge in the energy storage device, the present invention has a display
means 13 which displays the present charge of the device. The preferred embodiment the display means consists
of a test button 14 and indicator lights CD/98160008 6 6 To use the unit, one puts the housing 1 close to the
engine one wishes to boost, either on its bottom 3 or on its back side 9. Next one pivots the holster 4 to the
desired angle, opens the clamp 7, and removes the clamp 7 from the holster. The positive claim is connected to
the positive post of the battery one wishes to boost, the negative clamp is connected to a good ground of the
engine. The engine, is then started. To use the booster as a power supply, the male cigar plug of any 12 volt
accessory is plugged into the female cigar plug on the unit.

In another embodiment of the present invention, as shown in Fig 4, the recharging connection can also be the
same as the accessory connection 11. A special recharging plug 16 as shown in Fig S, or 17 as shown in Fig 6, is
connected to the accessory connection 11. With the recharging plug 16 of Fig S, one end is plugged Vftllinto the
accessory connection 11, and the other end is plug into the female cigar 4..,0g lighter receptacle in an
automobile. With the recharging plug 17 of Fig 6, the male 4. cigar lighter plug 18 is plugged into the accessory
connection 11 and the other end has a wall outlet plug 19 which is plugged into a wall outlet. The embodiment
of Fig 4 also has a recharging light 20 indicating that the battery is recharging.

While specific embodiments of the invention have been shown and described in detail to illustrate the
application of the principles of the invention, it will be '44C I44tt understood that the invention may be
embodied otherwise without departing from such principles.

It will be understood that the invention disclosed and defined herein extends to all alternative combinations of
two or more of the individual features mentioned or evident from the text or drawings. All of those different
combinations constitute various alternative aspects of the invention.

It will also be understood that where the term "comprises" or its grannnatical variants, is employed herein, it is
equivalent to the term "includes" and is not to be taken as excluding the presence of other elements or features.
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AUG6997198A Portable booster battery
Data eriginating frem seurces ether than the EPO may net be accurate, cemplete, or up te date.

4 4414 4 4 L4,4 414£ '4 a housing for containing said electrical storage device; br/0 a first cable having a first
end and a second end, the first end connected to the positive terminal of said electrical storage device;Jbr/(] a
second cable having a first end and a second end, the first end connected to the negative terminal of said
electrical storage device;0br/0 a first clamp connected to the second end of said first cable, said first clamp
including a hand gripping end and a clamping end, said clamping end conswucted for electrically connecting
said first cable to a positive terminal of an automobile battery, said hand gripping end operable to selectively
open and close said clamping end; Obr/0 a second clamp connected to the second end of said second cable, said
second clamp including a hand gripping end and a clamping end, said clamping end constructed for electrically
connecting said second cable to one of a negative terminal of said automobile battery and a ground of an
automobile, said hand gripping end operable to selecively open and close said clamping end; Obr/0 a first
holster connected to said housing and provided for receiving said first clamp; and CD/9160008 6 x 'T o FLir
4440 ro a second holster connected to said housing and receiving said clamp.

2 A portable automobile booster according to claim 1, housing includes a plastic material.
3 A portable automobile booster according to claim 1 wherein the electrical storage device includes a battery.
4 A portable automobile booster according to claim 3, battery includes a sealed, non-spillable battery.

provided for wherein the or claim 2, wherein the A portable automobile booster according to any one of claims
1 to 4, wherein said first holster is pivotably connected to said housing.

6 A portable automobile booster according to claim S, wherein said first holster is pivotably connected to said
housing by at least degrees.

7 A portable automobile booster according to any one of claims 1 to 6, wherein said first holster includes a bit,
and the clamping end of said first clamp is attached to said bit.

8 A portable automobile booster according to any one of claims 1 to 7, wherein said first holster includes a
cover.

9 A portable automobile booster substantially as hereinbefore described with reference to the accompanying
drawings.

CENTURY MFG. CO by their Registered Patent Attorneys FREEHILLS PATENT ATTORNEYS 9 June 1998
CD/9816.

6 ABSTRACT i A portable automobile booster including an electrical storage i device having a positive
terminal and a negatve terminal; a housing for containing said electrical storage device; a first cable (6) having
a first end and a second end, the first end connected to the positive terminal of said electrical storage device; a
second cable (6) having a first end and a second end, the first end connected to the negative terminal of said
electrical storage device; a first clamp (7) connected to the second end of said first cable said first clamp
including a hand gripping end and a clamping end, said clamping end conswucted for electrically connecting
said first cable to a 1,0 ~positive terminal of an automobile battery, said hand gripping end i ooperable to
selectively open and close said clamping end; a second i, ;clamp connected to the second end of said second
cable .4 00 i 15 said second clamp including a hand gripping end and a clamping end, said clamping end
constructed for elecwically connecting said second cable to one of a negative terminal of said automobile battery
and a ground of an automobile, said hand gripping end operable to selectively open and close said clamping end,;
a first holster (4) connected to said housing and provided for receiving said first clamp and a second holster
connected to said housing (1) iX", and provided for receiving said second clamp ili.
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