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BATTERY MANAGEMENT INFRASTRUCTURE
CROSS-REFERENCE TO RELATED APPLICATION

[0001] The present application claims priority to U.S. Provisional Patent Application Serial
No. 63/165,519, filed March 24, 2021, entitled “Battery Management Infrastructure,” the con-

tents of which are hereby incorporated by reference in their entirety.
TECHNICAL FIELD

[0002] The present disclosure relates generally to power conversion and, more particularly,
to battery management infrastructure for use with power converters, which may include, for

example, switched-capacitor power converters.
BACKGROUND

[0003] At times, certain electronic devices, such as portable electronic devices (e.g.,
smartphones, laptops, tablet computers, etfc.), for example, may be used while plugged into an
alternating current (AC) source. During this time, a battery manager or like device or system
may provide power to charge an associated battery, if appropriate, and to operate a portable
electronic device itself. In some instances, such as if an AC source is disconnected, a battery
manager or like device or system may switch over so that a battery provides power to the elec-
tronic device. At times, an increasing demand in a diversity of loads in battery-operated porta-
ble electronic devices may reduce battery life. To address these or like challenges, in some
instances, higher battery cell counts may be incorporated into such devices. However, this may
increase battery charging time once a battery is depleted. Accordingly, how to implement more
effective and/or more efficient battery management, for example, to extend battery life, reduce

battery charging time, efc., continues to be an area of development.
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BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Subject matter is described with particularity throughout the specification. How-
ever, both as to organization and/or method of operation, together with objects, features, and/or
advantages thereof, it may best be understood by reference to the following detailed description

if read with the accompanying drawings.

[0005] FIG. 1 is a schematic diagram illustrating an implementation of example battery

management infrastructure.

[0006] FIGS. 2 and 3 are schematic diagrams illustrating implementations of example

charging circuits with one or more respective charge pumps.

[0007] FIGS 4 and 5 illustrate battery charging current and battery charging voltage graphs,

respectively.

[0008] FIG. 6 illustrates an implementation of a CC-CV charging transistor or charger.

[0009] FIG. 7A illustrates an implementation of a merged CP and BKBST converter topol-
ogy.

[0010] FIG. 7B shows a first embodiment of an adjustable version of the inductor of FIG.
TA.

[0011] FIG. 7C shows a second embodiment of an adjustable version of the inductor of

FIG. 7A.

[0012] FIG. 8 illustrates an implementation of an example merged buck converter topol-

ogy.

[0013] FIG. 9 illustrates an implementation of an example 2-phase merged buck converter

topology.

[0014] FIG. 10 is a schematic diagram illustrating an implementation of an example system

bus converter.

[0015] FIGS. 11A-C through 14 illustrate example implementations of various circuit to-

pologies.
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[0016] FIG. 15 is a schematic diagram illustrating an implementation of an example load

switch.

[0017] FIG. 16 is a diagram of a system embodiment may comprise a local network (e.g.,
second device and computer-readable medium) and/or another type of network, such as a com-

puting and/or communications network.

[0018] Reference is made in the following detailed description to accompanying drawings,

which form a part hereof, wherein like numerals may designate like parts throughout that are

corresponding and/or analogous.
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DETAILED DESCRIPTION

[0019] Some example architectures and/or circuit topologies are disclosed herein that may
be used, in whole or in part, to facilitate and/or support one or more operations and/or tech-
niques for battery management infrastructure, such as for use with one or more power convert-
ers, which may include, for example, one or more switched-capacitor power converters. As
discussed in greater detail below, in one or more particular embodiments, battery management
infrastructure may incorporate, for example, one or more charge pumps (CP) and/or hybrid
converters, such as to facilitate and/or support power delivery in and/or for battery-operated
portable electronic devices. To promote clarity in explaining one or more concepts, reference
is sometimes made to one or more specific circuits and/or topologies, such as, for example,
specific switched-capacitor circuits and/or specific switched-capacitor circuit topologies. It
should be understood, however, that such references are merely provided as examples and

should not be construed as limiting.

[0020] It should be noted that, throughout the present disclosure, “‘charge pumps” should
be interpreted broadly and refers to a variety of charge pumps, such as a resonant charge pump
(e.g., acharge pump with an inductive element, an LC filter, efc.), a non-resonant charge pump,
adiabatic, partially adiabatic, diabatic, fully resonant, partially resonant, and so forth, just to
name a few examples. Typically, for higher power applications, a resonant charge pump may
be employed, for example, and for lower power applications, a non-resonant charge pump may

be employed.

[0021] FIG. 1 a schematic diagram illustrating an implementation of an example battery
management infrastructure 100. In an implementation, battery management infrastructure 100
may include, for example, a portable electronic device, illustrated as a mobile device 102 (e.g.,
a smartphone, laptop, tablet computer, efc.). Mobile device 102 may, for example, be capable
of receiving power (such as to facilitate and/or support charging a battery or a battery stack
104) via a wired power delivery path (e.g., USB-C, etc.), referenced generally via an arrow at
106. Note that the terms “battery” and “battery stack” may be used interchangeably herein.
Mobile device 102 also may, for example, be capable of receiving power (such as to facilitate
and/or support charging battery 104) via a wireless power delivery path (e.g., Qi, etc.), refer-
enced generally via an arrow at 108. It should be noted that a particular power delivery path

may depend, at least in part, on mobile device capabilities, among other aspects. For example,
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a smartphone may be capable of receiving power via a wired as well as a wireless power de-
livery path, and a laptop computer may be capable of receiving power via a wired power de-
livery path. It should also be noted that, in some instances, mobile device 102 may, for example,
be capable of providing power, such as if a load is coupled to a suitable USB cable, such as

USB cable 122 and/or 124 discussed below.

[0022] As also illustrated, to facilitate and/or support power delivery, one or more adapters,
such as AC/DC adapters 110 and 112 may be employed. In at least one implementation, AC/DC
adapters 110 and/or 112 may comprise, for example, Type-C USB travel adapters that may
attach to a wall outlet that supplies an AC voltage. In some instances, with respect to wireless
power delivery path 108, AC/DC adapter 110 may provide a DC voltage to an inverter 114
(e.g., to generate a higher frequency AC), which may be part of a wireless transmitter 116, such
as via a USB cable 122. As also illustrated, wireless transmitter 116 and/or inverter 114 may
include a first coil that may be brought in proximity with a second coil within mobile device
102 so as to form an air-core transformer, referenced generally at 118. Air-core transformer
118 may, for example, permit energy provided by the first coil to be made available at the
second coil so that such energy can be used to charge an applicable battery (e.g., battery 104,
etc.), as will be discussed in greater detail below. A voltage provided via air-core transformer
118 may be rectified using one or more applicable techniques, such as via a suitable circuit
that, in a particular implementation, may comprise, for example, a bridge rectifier and a low
drop-out regulator (LDO) 120, and such rectified voltage may be subsequently provided within
mobile device 102 (e.g., as a 20-30VDC, etc.).

[0023] In an implementation, with respect to wired power delivery path 106, AC/DC
adapter 112 may, for example, provide power to mobile device 102, such as directly via a
suitable USB cable 124. Depending on an implementation, power provided to mobile device
102 via wired power delivery path 106 may be in a range between 5 and 50 volts, which in turn
may depend, at least in part, on a particular mobile device 102, its utilization, or the like. Alt-
hough not shown, battery management infrastructure 100 and/or mobile device 102 may further
include one or more suitable controllers, such as to facilitate and/or support one or more battery
management-related operations and/or techniques. For example, at times, such one or more
controllers may provide one or more control signals to a suitable control circuit CTRL 126. In

an implementation, CTRL 126 may be capable of communicating with AC/DC adapter 112
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and/or 110, which may involve transmitting one or more suitable commands (e.g., digital in-
formation, etc.) via USB cable 124 and/or an air gap of air-core transformer 118 (as illustrated
via a link 127 and USB cable 122). Such one or more commands may, for example, instruct
AC/DC adapter 112 and/or 110 to provide a regulated input voltage and/or current in order to
charge battery 104, or to adjust the AC voltage output of the inverter 114. This may, for exam-
ple, be useful in implementations in which a mobile device 102 may not have a voltage regu-
lating capability (e.g., may comprise charge pumps, may have no requisite switches, etc.), but
may rely on an applicable AC/DC adapter to supply a battery with a desired voltage, such as

via a suitable control circuitry (e.g., CTRL 126, etc.).

[0024] In an implementation, a regulated power may be alternately provided to battery 104
via wired power delivery path 106, such as by closing a switch S2 and opening a switch S1, or
via wireless power delivery path 108, such as by closing switch S1 and opening switch S2.
CTRL 126 and/or other suitable circuitry in mobile device 102 may determine which power
delivery path to use in order to supply a regulated power to battery 104, such as by closing
and/or opening switches S1 and S2. In some instances, a bypass switch S3 may be used, at least
in part, to facilitate and/or support fixed input voltages (e.g., 5V, etc.) from legacy AC/DC
converters. As illustrated, in some instances, bypass switch S3 may allow regulated power to
skip a charge pump (CP) stage 128 (e.g., 2:1, etc.) by closing switch S3 and opening switch
S2. As also seen, an output of charge pump stage 128 may comprise an input to a charging
circuit 130 having one or more charge pumps (e.g., CP/3L), which charges battery 104 and/or
provides a system voltage Vsys. As will also be seen, one or more suitable power architectures
for a charging circuit, referenced generally at 132, that incorporate one or more charge pumps
may be implemented within battery management infrastructure 100, in whole or in part, such

as to facilitate and/or support charging battery 104.

[0025] FIGS. 2 and 3 are schematic diagrams illustrating implementations of example
charging circuits with one or more respective charge pumps (CP/CHRG circuits) 200, 300. In
some instances, CP/CHRG circuits 200, 300 may, for example, be implemented, in whole or
in part, instead of or in addition to charging circuit 132 of FIG. 1. CP/CHRG circuits 200, 300
may facilitate and/or support charging respective batteries 202, 302, for example, and may

provide a system voltage Vsys so as to power one or more appropriate loads.
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[0026] As illustrated, depending on an implementation, a conversion ratio of an initial CP
204, 304 may be fixed (e.g., 2%, 3%, 4x, etc.) or may be reconfigurable. In some implementa-
tions, respective CP/CHRG circuits 200, 300 may include, for example, an additional CP (e.g.,
fixed conversion ratio or reconfigurable) 214, 314, a buck-boost (BKBST) converter 206, 306,
and a charging transistor 208, 308, such as a constant current-constant voltage (CC-CV) charg-
ing transistor controlled by a control signal Vc. CC-CV charging transistors 208 and 308 may,
for example, be coupled in series with respective batteries (e.g., 202 and 302) so as to regulate
and/or control battery charging. Particular examples of CC-CV charging transistors or simply
CC-CV chargers will be discussed in greater detail below. In certain implementations, CPs 214
and/or 314 and/or BKBST converters 206 and/or 306 may incorporate gallium nitride (GaN)

or any other suitable compound semiconductor switches, as also discussed below.

[0027] Respective CP/CHRG circuits 200, 300 may further include, for example, a respec-
tive bypass switch 210, 310. Such a bypass switch 210, 310 may, for example, be used to
bypass an associated CP (e.g., CP 204, CP 304, etc.), if suitable or desired. By way of example
but not limitation, if a voltage provided via a USB source is non-programmable (e.g., fixed,
etc.) and/or relatively low (e.g., about 5 volts, etc.), then a CP (e.g., initial CPs 204, 304, etc.)
may be bypassed, such as via closing an applicable bypass switch (e.g., switches 210, 310, etc.)
since the CP may not be able to provide more precise or otherwise suitable voltage to an ap-
plicable battery (e.g., 202, 302, etc.). Typically, although not necessarily, CPs may be useful

with relatively higher voltages, programmable voltage supply, etc.

[0028] Since a BKBST converter 206, 306 may be capable of receiving relatively wide
input ranges and providing relatively wide output ranges for a battery, the BKBST converter
206, 306 may be used, at least in part, to support one or more legacy-type applications. For
example, as indicate above, if a voltage supplied via a USB source is non-programmable (e.g.,
fixed, etc.) and/or relatively low (e.g., may need boosting), then an initial CP (e.g., 204, 304,
etc.) may be bypassed and routed to an applicable BKBST converter (e.g., 206, 306, etc.). With
respect to a BKBST converter, a buck aspect or feature may be used to decrease a USB-pro-
vided voltage, for example, and a boost aspect or feature may be used to increase a USB-
provided voltage, such as using one or more appropriate techniques to facilitate and/or support

appropriate battery charging.
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[0029] According to certain implementations, battery 202, 302 may be charged via a num-
ber of phases, such as preconditioning, constant current, and constant voltage. In some in-
stances, these phases may, for example, be further sub-divided into a number of sub-phases or
zones. As a way of illustration, these sub-phases or zones may include, for example, a trickle
charge phase, a pre-charge phase, a constant current (CC) phase, and a constant voltage (CV)
or taper phase. In these or like charging phases, a charger may monitor one or more applicable
temperatures, for example, and may reduce a charge current, such as if a particular monitored
temperature meets or exceeds its threshold. By way of example but not limitation, FIGS. 4 and
5 illustrate battery charging current and battery charging voltage graphs, respectively. Refer-
ring also to an accompany table 402, 502, in a trickle charge phase, a battery is charged with a
trickle current Itc, and in a pre-charge phase, the battery is charged with a pre-charge current
Ipc. Once a battery voltage crosses a Vcci threshold, a battery is charged with a first fast charg-
ing constant current Icc1, for example, and switches to a second fast charging constant current
Icez if a battery voltage crosses a Veea threshold. As a battery voltage reaches Vreg, the battery
is held at a constant voltage of Vrgg and the charge current tapers off as the battery approaches
full charge. The point at which there is a switch-over from a charge pump (CP) operation to a
switcher (SW) operation in the taper or constant voltage phase may be decided by various
trigger points, such as, for example, time, voltage, current, or the like. If a battery current

reaches Iterm, charging is complete.

[0030] Referring back to FIGS. 2 and 3, a system bus Vsys may be separated from a battery
202, 302 by a charging transistor, such as a CC-CV charging transistor 208, 308, that may
control charging of the battery 202, 302, in whole or in part. Even if a battery 202, 302 is
depleted, Vsys may be regulated above a minimum or otherwise suitable system voltage level,
for example, otherwise one or more downstream loads may not be able to operate sufficiently.
In some instances, there may be a requirement for a particular system to be able to operate

without a battery present.

[0031] In some instances, such as if a battery 202, 302 is below a certain system voltage
level (e.g., below a minimum voltage level), for example, a corresponding CC-CV charging
transistor 208, 308 may operate in linear or LDO mode and, thus, may absorb the voltage dif-
ference between Vsys and the battery voltage Vpat. In other instances, such as if a battery
voltage Vpar rises above a certain system voltage level (e.g., above a minimum voltage level,

etc.) during charging, for example, a corresponding CC-CV charging transistor 208, 308 may
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gradually turn ON until it is fully ON with a minimum Vps of the CC-CV charging transistor.
In some instances, a CC-CV charging transistor 208, 308 may also be OFF in one or more
“sleep” states to reduce a current draw on battery. Also, a CC-CV charging transistor 208, 308
may be capable of at least partially controlling a charging current in one or more precondition-

ing stages (e.g., Itc & Ipc).

[0032] In an implementation, to further reduce this voltage drop, an optional low ON re-
sistance (low Ron) switch may be placed in parallel with a CC-CV charging transistor (e.g.,
since the CC-CV charging transistor may act as a parasitic element). Thus, in some implemen-
tations, another switch (e.g., a lower resistance switch, etc.) may be placed in parallel with a
CC-CV charging transistor and may be turned ON to mitigate unwanted parasitic effects. A
variety of materials may be incorporated in a CC-CV charging transistor or like switches, such

as, for example, GaN, silicon carbide (SiC), or any other suitable compounds.

[0033] Thus, in an implementation, it may be useful to couple a charging transistor, such
as a CC-CV charging transistor 208, 308, between Vsys and a battery (e.g., 202, 302, efc.) to
allow for a voltage drop across Vsys and the battery when the battery is fully discharged. In an
embodiment of FIG. 2, the CP 214 of a charging circuit 216 may be coupled to Vsys, such as
to provide power from CP 214 directly to Vsys. This may, for example, be useful if Vgys is
coupled to one or more systems that draw or require a significant amount of power (e.g., more
than battery 202 can supply). In an embodiment of FIG. 3, the CP 314 of a charging circuit 316
may be directly coupled to battery 302, for example, such as if battery 302 draws a significant
amount of power (e.g., more power than Vsys). As a way of illustration, if a battery has a very
high charging capability, like in a cell phone, then it may be useful to implement an embodi-
ment of FIG. 3. In turn, if Vsys is large, such as if Vsys powers a larger microprocessor (e.g.,
in a laptop) and battery charging speed is of a lesser importance, then it may be useful to im-

plement an embodiment of FIG. 2.

[0034] By way of example but not limitation, a particular implementation of a CC-CV
charging transistor or charger is illustrated in FIG. 6. As seen here, a controller 600 for a battery
602 (which may include multiple cells) may, for example, obtain one or more measurements
(e.g., temperature (TEMP), battery current Igat, VreG, Vsys, one or more current points, volt-
age points, etc.), such as to facilitate and/or support one or more battery charging operations

and/or techniques. For example, based, at least in part, on processing the obtained measure-
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ments {e.g., matching current, voltage, etc.), the controller 600 may apply an appropriate con-
trol voltage V¢ to a CC-CV charging transistor or charger 608, such as to manage one or more
applicable and/or appropriate phases, such as those discussed above. FIG. 6 also shows an
example of a low Ron bypass switch 610 placed in parallel with the CC-CV charging transistor

or charger 608, as described above.

[0035] As illustrated in FIG. 7A, in an implementation, part of the CP/CHRG circuit 200
from FIG. 2 comprising CP 214 and BKBST converter 206 may be merged into a circuit 700.
For example, a boost mode may be achieved by closing switches S61, S62 and opening
switches S63, S64. A buck mode may be achieved, for example, by closing switches S71 and

opening switch S72. Capacitor C71 provides output smoothing and charge storage.

[0036] In some instances, the Vgys output voltage may be regulated by modulating the
voltage at the input of an inductor 702, shown in FIG. 7A as an adjustable inductance Ly. This
may require a higher inductance value and/or higher switching frequency. At times, such as if
voltage regulation is not required or otherwise useful, then a voltage at the input of the inductor
702 may not be modulated and this may require a lower inductance and/or lower switching

frequency.

[0037] In some instances, an adjustable inductance Ly may be achieved by opening and
closing a switch, which adds or subtracts one or more additional inductors. For example, FIG.
7B shows a first embodiment of an adjustable version of the inductor 702 of FIG. 7A. Opening
switch S11 causes the inductance to be the series sum of inductors .11 and L.12, while closing
switch S11 causes the inductance to be just L11. As another example, FIG. 7C shows a second
embodiment of an adjustable version of the inductor 702 of FIG. 7A. Opening switch S21
causes the inductance to be just L22, while closing switch S21 causes the inductance to be L21

in parallel with [.22.

[0038] In some instances, an adjustable inductor Lv may be achieved, for example, via
changing the inductance of the inductor by forcing current into the inductor. For example, the
adjustable inductor Lv may comprise three terminals, two being the standard terminals. The
third terminal may be where a bias current is forced into the inductor, which may saturate parts
of the inductor core which then may lower its inductance. As such, in some instances, no

switches may be needed or otherwise useful, such as to regulate an output voltage.

10
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[0039] According to an implementation, in a buck mode, there may be two modes of oper-
ation — a regulating buck mode or a non-regulating buck mode. A non-regulating mode may
involve operating a charge pump (CP) and a regulating mode may involve operating a buck
converter. For example, in a non-regulating mode, such as in a 2X charge pump, S61 and S63
may be closed (turned ON) with S62 and S64 open, and that may charge a capacitor C61 of
the CP, and the output cycle may be when S64 and S62 are closed (turned ON) with S61 and
S63 open, and so forth. Alternating these states may produce a 2X voltage divider. However,
to regulate, a third state may be added. For example, a ground state may be added to the input
of inductor 702 by turning ON S63 and S64, or a Vv state may be added in which S61 and
S$62 may be turned ON to couple Vv to the inductor 702. Thus, an output voltage Vsys may
be regulated by modulating between Vin/2 and ground or Vin/2 and Vv at the input of the

inductor 702, depending on the duty cycle.

[0040] By way of example but not limitation, an example operation of a merged CP and
BKBST converter is illustrated in TABLE 1 below. It should be noted that, in some instances,

dead time states may be added between States A-E.

State | S61 | S62 | S63 | S64 | S71 | S72
ON | ON | OFF | OFF | ON | OFF
ON | ON | OFF | OFF | OFF | ON
ON | OFF | ON | OFF | ON | OFF

OFF | ON | OFF | ON ON | OFF

OFF | OFF | ON ON ON | OFF

TABLE 1

=2 Q= >

[0041] TABLE 2 below shows different modes achievable by cycling among the States
shown in TABLE 1.

Mode State Sequence
Boost A B, A B, ...
CP C,D,CD,...

Buckl (Vsys < VIN/2) C,E,DE, ...
Buck2 (Vsys > VIn/2) C, A DA, ..
TABLE 2

[0042] It should also be noted that, although not shown in FIG. 7A, a suitable controller
may, for example, be used, at least in part, to facilitate and/or support operation of a merged

CP and BKBST converter. For example, a controller may comprise level shifter circuitry, gate

11
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driver circuitry, control circuitry (e.g., to turn applicable switches ON and OFF, etc.), or the

like.

[0043] FIG. 8 illustrates an implementation of an example merged buck converter topology
800 in which a CP and a buck-boost converter are merged into a buck-only design by removing
switches S71 and S72 from the merged topology of FIG. 7. This implementation may have

improved efficiency of a buck-boost due, at least in part, to removing one series switch (S71).

[0044] FIG. 9 illustrates an implementation of an example 2-phase merged buck converter
topology 900 in which two instances (indicated by non-primed and primed reference labels) of
a CP and buck converter (see, e.g., FIG. 8) are merged into a 2-phase buck-only design. A 2-
phase design may be useful if there is a significant increase or jump in the input voltage. In
some instances, a 2-phase design may also reduce the noise of the input voltage. A 2-phase
design may operate in a similar manner, such as discussed above (e.g., operate as a CP, buck,
multilevel) and may also include a charging transistor 608, such as a CC-CV charging transis-
tor controlled by a V¢ control signal. The V¢ control signal may be provided via an applicable
control circuitry, as also discussed above, that may communicate with a suitable controller
(see, e.g., FIG. 6) to facilitate and/or support proper charging a battery 602 (e.g., by sensing

the current into the battery, measuring state of charge, efc.).

[0045] FIG. 10 is a schematic diagram illustrating an implementation of an example system
bus converter 1000. Here, a suitable charging circuit with a CP may generate Vsys, such as
discussed and illustrated with reference to one or more above embodiments. In some instances,
Vsys may be used, at least in part, as an input to various power converters in order to provide
different power converter outputs. Thus, as illustrated, examples of power converter combina-

tions may include those shown in TABLE 3:

Power Converter Combination Output
CP + LC Filter + multi-output bucks V01-v03
CP + Buck (BK) V04
Module 1 (CP + multi-phase buck) alone V05

Module 2 (CP + multi-phase buck) in paral- V05
lel with Module 1

Boost (BST) + CP V06
BK Vo7
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TABLE 3

[0046] In an implementation, Module 2 may be the same as or similar to Module 1, but
may have switching frequencies phase shifted, which may enable higher output currents, for

example.

[0047] FIGS. 11A-C through 14 illustrate example implementations of various converter
circuit topologies. FIG. 11A shows a buck (BK) topology comprising, in this example, an in-
ductance L, an input-side series switch Su1, and an input-side shunt switch Si.1. FIG. 11B shows
a boost (BST) topology comprising, in this example, an inductance L, an output-side series
switch Sw, and an output-side shunt switch Si2. FIG. 11C shows a buck-boost (BK-BST) to-
pology comprising, in this example, an inductance L, an input-side series switch Sus, an input-
side shunt switch Si3, an output-side series switch Sus, and an output-side shunt switch Sp4. As
should be clear from the other examples of this disclosure, a variable inductance Ly may be

used for the inductance L in FIGS. 11A-C.

[0048] FIG. 12 shows an example of a charge pump (CP) topology that includes three ca-
pacitors C1, C2, C3 and associated sets of series switches and shunt switches marked by re-

spective timing phases (1 or 2).

[0049] FIG. 13 shows a buck-only charger similar to the circuit of FIG. 8, but including an
additional capacitor Ca, series switch Sa, and shunt switch Sg. The operational states would be

similar to the states set forth in TABLE 1 above.

[0050] FIG. 14 shows a buck-boost charger similar to the circuit of FIG. 7A, but including
an additional capacitor Cs, series switch Sc, and shunt switch Sp after the inductor 702. This
topology may facilitate and/or support operating the buck-boost charger as a CP or as a multi-
level buck-boost. Again, the operational states would be similar to the states set forth in TA-

BLE 1 above.

[0051] Depending on an implementation, the circuit topologies shown by way of example
in FIGS. 11A-C through 14 may, for example, be used, in whole or in part, to facilitate and/or
support one or more battery management operations and/or techniques, such as discussed

above.
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[0052] FIG. 15 is a schematic diagram illustrating an example circuit topology 1500 that
may, for example, be used, in whole or in part, to implement one or more load switches. Typ-
ically, a USB protocol may call for utilization of a load switch, which is the switch that breaks
the voltage via opening a connector on a mobile device to disconnect the rest of the device
(e.g., phone or laptop). In some instances, a load switch may be implemented as a bidirectional
switch, for example, so that it may be capable of stopping power in the forward and/or reverse
direction. A typical MOSFET may have a body diode in parallel with it. So, in order to prevent
that body diode from conducting, it may be useful to put two switches connected in series with
the body diode of the switches pointing at each other or away from each other (i.e., opposite
directions). A control circuitry may set voltages to turn ON one or more load switches associ-
ated with circuit topology 1500, may sense the current Iseni, 1sEn2 going through a particular

load switch (e.g., to detect overcurrent, etc.), or the like.

[0053] In an implementation, two load switches may be used. For example, as illustrated
in FIG. 15, a first load switch 1502 comprising a first pair of series-connected MOSFET
switches Sw1, Sw2 is directly coupled between a USB Bus and a charge pump CP, and a
second load switch 1504 comprising a second pair of series-connected MOSFET switches
Sw3, Sw4 is connected between the USB Bus and around CP 1506 to function as a bypass
path. For legacy applications (e.g., older, lower voltage, etc.), there may be input voltages of
S5V, 9V, 15V, or 20V, in which case the CP 1506 may be bypassed. In higher voltage applica-
tions, such as where input voltages of about 28V, 36V, or 48V may be present, then the CP

1506 may be utilized to lower the output voltage to a charger system.

[0054] As also discussed, a controller may communicate with various elements to facilitate
and/or support proper battery charging (e.g., may sense the input voltage, determine what load
switch should we turn on, etc.). For example, FIG. 15 shows a control circuit CTRL coupled
to the gates of first load switch 1502 switch pairs Swl, Sw2 and second load switch 1504
switch pairs Sw3, Sw4 and configured to sense the current on the USB bus line, Isen1 and Isen2
so as to be able to select a current path (through or around CP 1506) and open or close the

switch pairs.

[0055] Further, because a particular load switch is placed before a charge pump, there may
not be a need or use for a high-voltage disconnect switch in the charge pump, and the load

switch may be used as a disconnect switch, if appropriate.
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[0056] A load switch (e.g., load switches 1502, 1504) may also be capable of protecting
one or more GaN devices that may be placed downstream. GaN devices may, for example, be
built as normally-ON or normally-OFF devices, however, normally-OFF devices may typically
be considered more superior than normally-ON devices. For example, utilization of normally-
ON GaN devices may pose a safety issue. Thus, a load switch may be used to turn the power
OFF, if needed, to protect GaN devices downstream. A load switch may be implemented with
any suitable combination of one or more other protection circuits or elements (e.g., a discon-
nect switch, efc.), which may depend on a particular implementation. Also, a master controller
1508 may be capable of coordinating between a number of system or other elements so as to
facilitate one or more suitable operations and/or processes, negotiate between a load switch,
GaN devices, charge pumps, or the like. It should also be noted, in some implementations, a
load switch may also be capable of controlling a slew rate of applicable voltage transitions

(e.g., positive, negative), such as voltage transitions in a CP 1506.

[0057] Example System Embodiment

[0058] In one example embodiment, as shown in FIG. 16, a system embodiment may com-
prise a local network (e.g., second device 1604 and computer-readable medium 1640) and/or
another type of network, such as a computing and/or communications network. For purposes
of illustration, therefore, FIG. 16 shows an embodiment 1600 of a system that may be em-
ployed to implement either type or both types of networks. Network 1608 may comprise one
or more network connections, links, processes, services, applications, and/or resources to fa-
cilitate and/or support communications, such as an exchange of communication signals, for
example, between, for example, a first computing device 1602 and a third computing device
1606, which may, for example, comprise one or more client computing devices and/or one or
more server computing devices. By way of example, but not limitation, network 1608 may
comprise wireless and/or wired communication links, telephone and/or telecommunications
systems, Wi-Fi networks, Wi-MAX networks, the Internet, a local area network (LAN), a wide

area network (WAN), or any combinations thereof.

[0059] Referring now to FIG. 16, in an embodiment, first and third devices 1602 and 1606
may be capable of rendering a graphical user interface (GUI) for a network device and/or a
computing device, for example, so that a user-operator may engage in system use. Second

device 1604 may potentially serve a similar function in this illustration. Likewise, in FIG. 16,
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first device 1602may interface with second device 1604, which may, for example, also com-
prise features of a client computing device and/or a server computing device, in an embodi-
ment. Processor (e.g., processing device) 1620 and memory 1622, which may comprise pri-
mary memory 1624 and secondary memory 1626, may communicate by way of a communica-
tion bus 1615, for example. The term “computing device,” in the context of the present patent
application, refers to a system and/or a device, such as a computing apparatus, that includes a
capability to process (e.g., perform computations) and/or store digital content, such as elec-
tronic files, electronic documents, measurements, text, images, video, audio, efc. in the form
of signals and/or states. Thus, a computing device, in the context of the present patent applica-
tion, may comprise hardware, software, firmware, or any combination thereof (other than soft-
ware per se). Second device 1604, as depicted in FIG. 16, is merely one example, and claimed

subject matter is not limited in scope to this particular example.

[0060] In FIG. 16, first device 1602 may provide one or more sources of executable com-
puter instructions in the form physical states and/or signals (e.g., stored in memory states), for
example. First device 1602 may communicate with second device 1604 by way of a network
connection, such as via network 1608, for example. A connection, while physical, may not
necessarily be tangible. Although second device 1604 of FIG. 16 shows various tangible, phys-
ical components, claimed subject matter is not limited to a computing devices having only
these tangible components as other implementations and/or embodiments may include alterna-
tive arrangements that may comprise additional tangible components or fewer tangible com-
ponents, for example, that function differently while achieving similar results. Rather, exam-
ples are provided merely as illustrations. It is not intended that claimed subject matter be lim-

ited in scope to illustrative examples.

[0061] In particular implementations, one or more of computing devices 1602, 1604 and/or
1606 may include one or more power converter circuits, such as one or more example circuits
described herein. In particular implementations, two-stage power converter circuits, such as
one or more example circuits described herein, may be utilized to provide power to any of a
wide range of circuit types, processors, memory devices, communication interfaces, etc. Fur-
ther, in particular implementations, one or more of computing devices 1602, 1604 and/or 1606
may include circuitry, processors, oscillators, etc., to control various functionalities and/or op-

erations related to two-stage power converters.
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[0062] Memory 1622 may comprise any non-transitory storage mechanism. Memory 1622
may comprise, for example, primary memory 1624 and secondary memory 1626, additional
memory circuits, mechanisms, or combinations thereof may be used. Memory 1622 may com-
prise, for example, random access memory, read only memory, efc., such as in the form of one
or more storage devices and/or systems, such as, for example, a disk drive including an optical

disc drive, a tape drive, a solid-state memory drive, etc., just to name a few examples.

[0063] Memory 1622 may be utilized to store a program of executable computer instruc-
tions. For example, processor 1620 may fetch executable instructions from memory and pro-
ceed to execute the fetched instructions. Memory 1622 may also comprise a memory controller
for accessing the computer-readable medium 1640 that may carry and/or make accessible dig-
ital content, which may include code, and/or instructions, for example, executable by processor
1620 and/or some other device, such as a controller, as one example, capable of executing
computer instructions, for example. Under direction of processor 1620, a non-transitory
memory, such as memory cells storing physical states (e.g., memory states), comprising, for
example, a program of executable computer instructions, may be executed by processor 1620
and able to generate signals to be communicated via a network, for example, as previously

described. Generated signals may also be stored in memory, also previously suggested.

[0064] Memory 1622 may store electronic files and/or electronic documents, such as relat-
ing to one or more users, and may also comprise a computer-readable medium that may carry
and/or make accessible content, including code and/or instructions, for example, executable by
processor 1620 and/or some other device, such as a controller, as one example, capable of
executing computer instructions, for example. The term electronic file and/or the term elec-
tronic document are used throughout this document to refer to a set of stored memory states
and/or a set of physical signals associated in a manner so as to thereby form an electronic file
and/or an electronic document. That is, it is not meant to implicitly reference a particular syn-
tax, format and/or approach used, for example, with respect to a set of associated memory
states and/or a set of associated physical signals. It is further noted an association of memory
states, for example, may be in a logical sense and not necessarily in a tangible, physical sense.
Thus, although signal and/or state components of an electronic file and/or electronic document,
are to be associated logically, storage thereof, for example, may reside in one or more different

places in a tangible, physical memory, in an embodiment.
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[0065] Referring again to FIG. 16, processor 1620 may comprise one or more circuits, such
as digital circuits, to perform at least a portion of a computing procedure and/or process. By
way of example, but not limitation, processor 1620 may comprise one or more processors, such
as controllers, microprocessors, microcontrollers, application specific integrated circuits, dig-
ital signal processors, programmable logic devices, field programmable gate arrays, the like,
or any combination thereof. In various implementations and/or embodiments, processor 1620
may perform signal processing, typically substantially in accordance with fetched executable
computer instructions, such as to manipulate signals and/or states, to construct signals and/or
states, efc., with signals and/or states generated in such a manner to be communicated and/or

stored in memory, for example.

[0066] FIG. 16 also illustrates second device 1604 as including an input/output component
1632 operable with input/output devices, for example, so that signals and/or states may be
appropriately communicated between devices, such as second device 1604 and an input device
and/or second device 1604 and an output device. A user may make use of an input device, such
as a computer mouse, stylus, track ball, keyboard, and/or any other similar device capable of
receiving user actions and/or motions as input signals. Likewise, for a device having speech to
text capability, a user may speak to a device to generate input signals. A user may make use of
an output device, such as a display, a printer, etc., and/or any other device capable of providing
signals and/or generating stimuli for a user, such as visual stimuli, audio stimuli and/or other

similar stimuli.
[0067] Words, Phrases, and Context

[0068] It will be appreciated that the figures have not necessarily been drawn to scale, such
as for simplicity and/or clarity of illustration. For example, dimensions of some aspects may
be exaggerated relative to others. Further, it is to be understood that other embodiments may
be utilized. Furthermore, structural and/or other changes may be made without departing from
claimed subject matter. References throughout this specification to “subject matter” refer to
subject matter intended to be covered by one or more implementations, or any portion thereof,
and are not necessarily intended to refer to a complete implementation, to a particular combi-
nation of implementation, or to any portion thereof. It should also be noted that directions
and/or references, for example, such as up, down, top, bottom, and so on, may be used to fa-

cilitate discussion of drawings and are not intended to restrict application of particular subject
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matter. Therefore, the following detailed description is not to be taken to limit subject matter

and/or equivalents thereof.

[0069] References throughout this specification to one implementation, an implementation,
one embodiment, an embodiment, and/or the like means that a particular feature, structure,
characteristic, and/or the like described in relation to a particular implementation and/or em-
bodiment is included in at least one implementation and/or embodiment of subject matter.
Thus, appearances of such phrases, for example, in various places throughout this specification
are not necessarily intended to refer to the same implementation and/or embodiment or to any
one particular implementation and/or embodiment. Furthermore, it is to be understood that
particular features, structures, characteristics, and/or the like described are capable of being
combined in various ways in one or more implementations and/or embodiments and, therefore,
are within intended scope. In general, of course, as has always been the case for the specifica-
tion of a patent application, these and other issues have a potential to vary in a particular context
of usage. In other words, throughout the disclosure, particular context of description and/or
usage provides helpful guidance regarding reasonable inferences to be drawn; however, like-
wise, “in this context” in general without further qualification refers at least to the context of

the present patent application.

[0070] In the context of the present patent application, the term “connection,” the term
“component” and/or similar terms are intended to be physical, but are not necessarily always
tangible. Whether or not these terms refer to tangible subject matter, thus, may vary in a par-
ticular context of usage. As an example, a tangible connection and/or tangible connection path
may be made, such as by a tangible, electrical connection, such as an electrically conductive
path comprising metal or other conductor, that is able to conduct electrical current between two
tangible components. Likewise, a tangible connection path may be at least partially affected
and/or controlled, such that, as is typical, a tangible connection path may be open or closed, at
times resulting from influence of one or more externally derived signals, such as external cur-
rents and/or voltages, such as for an electrical switch. Nonlimiting illustrations of an electrical
switch include a transistor, a diode, efc. However, a “connection” and/or “component,” in a
particular context of usage, likewise, although physical, can also be non-tangible, such as a
connection between a client and a server over a network, particularly a wireless network, which
generally refers to the ability for the client and server to transmit, receive, and/or exchange

communications, as discussed in more detail later.
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[0071] In a particular context of usage, such as a particular context in which tangible com-
ponents are being discussed, therefore, the terms “coupled” and “connected” are used in a man-
ner so that the terms are not synonymous. Similar terms may also be used in a manner in which
a similar intention is exhibited. Thus, “connected” is used to indicate that two or more tangible
components and/or the like, for example, are tangibly in direct physical contact. Thus, using
the previous example, two tangible components that are electrically connected are physically
connected via a tangible electrical connection, as previously discussed. However, “coupled,”
is used to mean that potentially two or more tangible components are tangibly in direct physical
contact. Nonetheless, “coupled” is also used to mean that two or more tangible components
and/or the like are not necessarily tangibly in direct physical contact, but are able to co-operate,
liaise, and/or interact, such as, for example, by being “optically coupled.” Likewise, the term
“coupled” is also understood to mean indirectly connected. It is further noted, in the context of
the present patent application, since memory, such as a memory component and/or memory
states, is intended to be non-transitory, the term physical, at least if used in relation to memory
necessarily implies that such memory components and/or memory states, continuing with the

example, are tangible.

[0072] Additionally, in the present patent application, in a particular context of usage, such
as a situation in which tangible components (and/or similarly, tangible materials) are being
discussed, a distinction exists between being “on” and being “over.” As an example, deposition
of a substance “on” a substrate refers to a deposition involving direct physical and tangible
contact without an intermediary, such as an intermediary substance, between the substance
deposited and the substrate in this latter example; nonetheless, deposition “over” a substrate,
while understood to potentially include deposition “on” a substrate (since being “on” may also
accurately be described as being “over”), is understood to include a situation in which one or
more intermediaries, such as one or more intermediary substances, are present between the
substance deposited and the substrate so that the substance deposited is not necessarily in direct

physical and tangible contact with the substrate.

[0073] A similar distinction is made in an appropriate particular context of usage, such as
in which tangible materials and/or tangible components are discussed, between being “be-
neath” and being “under.” While “beneath,” in such a particular context of usage, is intended
to necessarily imply physical and tangible contact (similar to “on,” as just described), “under”

potentially includes a situation in which there is direct physical and tangible contact, but does
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not necessarily imply direct physical and tangible contact, such as if one or more intermediar-
ies, such as one or more intermediary substances, are present. Thus, “on” is understood to mean

“immediately over” and “beneath” is understood to mean “immediately under.”

[0074] Unless otherwise indicated, in the context of the present patent application, the term
“or” if used to associate a list, such as A, B, or C, is intended to mean A, B, and C, here used
in the inclusive sense, as well as A, B, or C, here used in the exclusive sense. With this under-
standing, “and” is used in the inclusive sense and intended to mean A, B, and C; whereas
“and/or” can be used in an abundance of caution to make clear that all of the foregoing mean-
ings are intended, although such usage is not required. Likewise, the term “based on” and/or
similar terms are understood as not necessarily intending to convey an exhaustive list of factors,

but to allow for existence of additional factors not necessarily expressly described.

[0075] In the preceding description, various aspects of claimed subject matter have been
described. For purposes of explanation, specifics, such as amounts, systems and/or configura-
tions, as examples, were set forth. In other instances, well-known features were omitted and/or
simplified so as not to obscure claimed subject matter. While certain features have been illus-
trated and/or described herein, many modifications, substitutions, changes and/or equivalents
will now occur to those skilled in the art. It is, therefore, to be understood that the appended
claims are intended to cover all modifications and/or changes as fall within claimed subject

matter.

[0076] It is to be understood that the foregoing description is intended to illustrate and not
to limit the scope of the invention, which is defined by the scope of the following claims, and
that other embodiments are within the scope of the claims. In particular, the scope of the in-
vention includes any and all feasible combinations of one or more of the processes, machines,
manufactures, or compositions of matter set forth in the claims below. Therefore, even if some
or all of the dependent claims have been written with single dependency, it is to be understood
that the present application provides full support for such claims to be multiply dependent on
some or all of the other claims. (Note that the parenthetical labels for claim elements are for
ease of referring to such elements, and do not in themselves indicate a particular required or-
dering or enumeration of elements; further, such labels may be reused in dependent claims as
references to additional elements without being regarded as starting a conflicting labeling se-

quence).
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CLAIMS
WHAT IS CLAIMED IS:

1. A battery management system for use with a power converter, including:

(a) afirst load switch configured to be coupled to a power delivery path;

(b) an initial charge pump having a first terminal coupled to the first load switch and
configured to selectively receive a first voltage through the first load switch from the
power delivery path, and a second terminal providing a second voltage different from
the first voltage;

(c) acharging circuit including:

(1) avoltage terminal coupled to the second terminal of the initial charge pump;

(2) asystem voltage terminal;

(3) acharging voltage terminal configured to be coupled to a battery; and

(4) at least one additional charge pump coupled to the charging circuit voltage ter-
minal and configured to receive the second voltage and provide a third voltage
different from the second voltage, the third voltage being applied to the system
voltage terminal and, directly or indirectly, to the battery through the charging

voltage terminal.

2. The invention of claim 1, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

3. The invention of claim 1, further including a second load switch coupled in parallel with

the initial charge pump and configured to selectively bypass the initial charge pump.

4. The invention of claim 3, wherein the second load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

5. The invention of claim 1, wherein the power delivery path is selectively couplable to

either of a wired power delivery path or a wireless power delivery path.

6. A battery management system for use with a power converter, including:
(a) an initial charge pump having a first terminal configured to receive a first voltage,

and a second terminal providing a second voltage different from the first voltage;
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10.

11.

(b) a first switch configured to be coupled between a wireless power delivery path and
the first terminal of the initial charge pump;
(c) a second switch configured to be coupled between a wired power delivery path and
the first terminal of the initial charge pump; and
(d) a charging circuit including:
(1) avoltage terminal coupled to the second terminal of the initial charge pump;
(2) asystem voltage terminal;
(3) acharging voltage terminal configured to be coupled to a battery; and
(4) at least one additional charge pump coupled to the charging circuit voltage ter-
minal and configured to receive the second voltage and provide a third voltage
different from the second voltage, the third voltage being applied to the system
voltage terminal and, directly or indirectly, to the battery through the charging

voltage terminal.

The invention of claim 6, wherein the first switch includes two MOSFET switches con-

nected in series with body diodes pointed in opposite directions.

The invention of claim 6, wherein the second switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 6, further including a third switch coupled between the second
switch and the first terminal of the initial charge pump and configured to selectively by-

pass the initial charge pump.

The invention of claim 9, wherein the third switch includes two MOSFET switches con-

nected in series with body diodes pointed in opposite directions.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to receive a first voltage,
and a second terminal providing a second voltage different from the first voltage;

(b) a set of switches coupled between a wireless power delivery path and the first termi-
nal of the initial charge pump, and between a wired power delivery path and the first
terminal of the initial charge pump, the set of switches configured to couple a selected
one of the wireless power delivery path or the wired power delivery path to the first
terminal of the initial charge pump; and

(c) acharging circuit including:
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12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

(1) avoltage terminal coupled to the second terminal of the initial charge pump;

(2) asystem voltage terminal;

(3) acharging voltage terminal configured to be coupled to a battery; and

(4) at least one additional charge pump coupled to the charging circuit voltage ter-
minal and configured to receive the second voltage and provide a third voltage
different from the second voltage, the third voltage being applied to the system
voltage terminal and, directly or indirectly, to the battery through the charging

voltage terminal.

The invention of claim 11, wherein the initial charge pump is a fully resonant charge

pump.

The invention of claim 11, wherein the initial charge pump is a partially resonant charge

pump.
The invention of claim 11, wherein the initial charge pump is a non-resonant charge pump.
The invention of claim 11, wherein the initial charge pump is an adiabatic charge pump.

The invention of claim 11, wherein the initial charge pump is a partially adiabatic charge

pump.
The invention of claim 11, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump

is a fully resonant charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump

is a partially resonant charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump

is a non-resonant charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump

is an adiabatic charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump

is a partially adiabatic charge pump.
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23.

24,

25.

26.

27.

28.

29.

30.

31.

The invention of claim 11, wherein at least one of the at least one additional charge pump

is a diabatic charge pump.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power
delivery path and receive a first voltage, and a second terminal providing a second
voltage different from the first voltage;

(b) a charging circuit including:

(1) avoltage terminal coupled to the second terminal of the initial charge pump;

(2) asystem voltage terminal;

(3) acharging voltage terminal configured to be coupled to a battery; and

(4) at least one additional charge pump coupled to the charging circuit voltage ter-
minal and configured to receive the second voltage and provide a third voltage
different from the second voltage, the third voltage being applied to the system
voltage terminal and, directly or indirectly, to the battery through the charging

voltage terminal.
The invention of claim 24, wherein the initial charge pump is bypassable.

The invention of claim 24, wherein the initial charge pump is selectively couplable to

more than one power delivery path.
The invention of claim 24, wherein the initial charge pump has a fixed conversion ratio.

The invention of claim 24, wherein the initial charge pump has a reconfigurable conver-

sion ratio.

The invention of claim 24, wherein at least one of the at least one additional charge pump

has a fixed conversion ratio.

The invention of claim 24, wherein at least one of the at least one additional charge pump

has a reconfigurable conversion ratio.

The invention of claim 24, wherein the power delivery path is selectively couplable to

either of a wired power delivery path or a wireless power delivery path.
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32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

The invention of claim 24, wherein the power delivery path is couplable to a wired power

delivery path.

The invention of claim 32, wherein the wired power delivery path is coupled to an AC/DC

adapter.

The invention of claim 33, further including a control circuit coupled to the power deliv-
ery path and configured to provide commands over the wired power delivery path to the

AC/DC adapter to regulate a voltage and/or a current on the wired power delivery path.

The invention of claim 32, wherein the wired power delivery path is a USB-C power

delivery path.

The invention of claim 24, wherein the power delivery path is couplable to a wireless

power delivery path.

The invention of claim 36, wherein the wireless power delivery path is coupled to an

AC/DC adapter.

The invention of claim 37, further including a control circuit coupled to the power deliv-
ery path and configured to provide commands over the wireless power delivery path to

regulate a voltage and/or a current on the wireless power delivery path.

The invention of claim 36, wherein the wireless power delivery path includes an air-core

transformer.

The invention of claim 36, wherein the wireless power delivery path is a Qi power deliv-

ery path.

The invention of claim 24, further including a control circuit coupled to the power deliv-
ery path and configured to provide commands to regulate a voltage and/or a current on

the power delivery path.

The invention of claim 24, wherein the system voltage terminal is coupled to at least one

additional power converter.

The invention of claim 42, wherein the at least one additional power converter includes a

combination comprising a charge pump, an LC filter, and a plurality of buck converters.
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55.

The invention of claim 42, wherein the at least one additional power converter includes a

combination comprising a charge pump and a buck converter.

The invention of claim 42, wherein the at least one additional power converter includes a

combination comprising a charge pump and a plurality of multi-phase buck converters.

The invention of claim 42, wherein the at least one additional power converter includes a
first combination comprising a charge pump and a plurality of multi-phase buck convert-
ers, and a second combination comprising a charge pump and a plurality of multi-phase

buck converters, wherein the first and second combination are coupled in parallel.

The invention of claim 42, wherein the at least one additional power converter includes a

combination comprising a boost converter and a charge pump.

The invention of claim 42, wherein the at least one additional power converter includes a

buck converter.

The invention of claim 24, further including a load switch between the initial charge pump

and the power delivery path.

The invention of claim 24, further including a first load switch between the initial charge
pump and the power delivery path and configured to selectively enable and/or disable

power flow in the forward and/or reverse directions.

The invention of claim 50, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 50, further including a second load switch configured to bypass

the initial charge pump.

The invention of claim 52, wherein the second load switch includes two MOSFET

switches connected in series with body diodes pointed in opposite directions.

The invention of claim 24, wherein the initial charge pump is a fully resonant charge

pump.

The invention of claim 24, wherein the initial charge pump is a partially resonant charge

pump.
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The invention of claim 24, wherein the initial charge pump is a non-resonant charge pump.

The invention of claim 24, wherein the initial charge pump is an adiabatic charge pump.

The invention of claim 24, wherein the initial charge pump is a partially adiabatic charge

pump.
The invention of claim 24, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump

is a fully resonant charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump

is a partially resonant charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump

is a non-resonant charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump

is an adiabatic charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump

is a partially adiabatic charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump

is a diabatic charge pump.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power
delivery path and receive a first voltage, and a second terminal providing a second
voltage different from the first voltage;

(b) a charging circuit having (i) a voltage terminal coupled to the second terminal of the
initial charge pump, (ii) a system voltage terminal, and (iii) a charging voltage termi-
nal configured to be coupled to a battery, the charging circuit including:

(1) at least one additional charge pump coupled to the charging circuit voltage ter-
minal and configured to receive the second voltage and provide a third voltage
different from the second voltage, the third voltage being applied to the system

voltage terminal;
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71.

72.
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74.

75.

76.

(2) at least one converter coupled to the charging circuit voltage terminal and con-
figured to receive the second voltage and provide a fourth voltage different from
the second voltage, the fourth voltage being applied to the system voltage termi-
nal; and

(3) a charging transistor coupled to at least one of the at least one converter and to
at least one of the at least one additional charge pump, the charging transistor
configured to selectively provide the combined third and fourth voltages to the

battery through the charging voltage terminal.

The invention of claim 66, wherein the initial charge pump is bypassable.

The invention of claim 66, wherein the initial charge pump is selectively couplable to

more than one power delivery path.

The invention of claim 66, wherein the initial charge pump has a fixed conversion ratio.

The invention of claim 66, wherein the initial charge pump has a reconfigurable conver-

sion ratio.

The invention of claim 66, wherein at least one of the at least one additional charge pump

has a fixed conversion ratio.

The invention of claim 66, wherein at least one of the at least one additional charge pump

has a reconfigurable conversion ratio.

The invention of claim 66, wherein the charging transistor is controlled to charge the bat-

tery in at least preconditioning, constant current, and constant voltage phases.

The invention of claim 66, wherein the charging transistor is controlled to charge the bat-
tery in at least a trickle charge subphase, a pre-charge subphase, a constant current (CC)

subphase, and a constant voltage (CV) or taper subphase.

The invention of claim 66, wherein the power delivery path is selectively couplable to

either of a wired power delivery path or a wireless power delivery path.

The invention of claim 66, wherein the power delivery path is couplable to a wired power

delivery path.
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The invention of claim 76, wherein the wired power delivery path is coupled to an AC/DC

adapter.

The invention of claim 77, further including a control circuit coupled to the power deliv-
ery path and configured to provide commands over the wired power delivery path to the

AC/DC adapter to regulate a voltage and/or a current on the wired power delivery path.

The invention of claim76 wherein the wired power delivery path is a USB-C power de-

livery path.

The invention of claim 66, wherein the power delivery path is couplable to a wireless

power delivery path.

The invention of claim 80, wherein the wireless power delivery path is coupled to an

AC/DC adapter.

The invention of claim 81, further including a control circuit coupled to the power deliv-
ery path and configured to provide commands over the wireless power delivery path to

regulate a voltage and/or a current on the wireless power delivery path.

The invention of claim 80, wherein the wireless power delivery path includes an air-core

transformer.

The invention of claim 80, wherein the wireless power delivery path is a Qi power deliv-

ery path.

The invention of claim 66, further including a control circuit coupled to the power deliv-
ery path and configured to provide commands to regulate a voltage and/or a current on

the power delivery path.

The invention of claim 66, further including a low-ON resistance switch coupled in par-

allel with the charging transistor.

The invention of claim 66, wherein the charging transistor is a constant current-constant

voltage charging transistor controlled by a control signal.
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The invention of claim 66, further including a controller coupled to the charging transistor
and configured to obtain one or more measurements to facilitate one or more battery

charging operations by applying a control voltage to the charging transistor.

The invention of claim 66, wherein at least one of the at least one converter includes an
adjustable inductance including at least a first inductor coupled in series with a second

inductor, wherein at least one of the first and second inductors is bypassable.

The invention of claim 66, wherein at least one of the at least one converter includes an
adjustable inductance including at least a first inductor coupled in parallel with a second
inductor, wherein at least one of the first and second inductors may be switchably discon-

nected.

The invention of claim 66, wherein at least one of the at least one converter includes an
adjustable inductance, wherein the adjustable inductance is adjusted as a function of an

operational mode of the charging circuit.

The invention of claim 66, wherein at least one of the at least one converter includes an
adjustable inductance, wherein the adjustable inductance is adjusted as a function of a

modulation of a voltage applied to a terminal of the adjustable inductance.

The invention of claim 66, wherein at least one of the at least one converter is a buck/boost

converter.

The invention of claim 93, wherein the converter includes an adjustable inductance.

The invention of claim 66, wherein at least one of the at least one converter is a buck

converter.

The invention of claim 95, wherein the converter includes an adjustable inductance.

The invention of claim 66, wherein at least one of the at least one converter is a boost

converter.

The invention of claim 97, wherein the converter includes an adjustable inductance.

The invention of claim 66, wherein at least one of the at least one additional charge pump

and at least one of the at least one converter are merged into a circuit.
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The invention of claim 99, wherein at least one merged additional charge pump has a 2:1

conversion ratio.

The invention of claim 99, wherein at least one merged additional charge pump has a 3:1

conversion ratio.

The invention of claim 99, wherein at least one of the at least one converter is a buck/boost

converter.

The invention of claim 102, wherein the converter includes an adjustable inductance.

The invention of claim 102, wherein the charging circuit is operable in a boost mode, a

charge pump mode, and at least one buck mode.

The invention of claim 99, wherein at least one of the at least one converter is a buck

converter.

The invention of claim 105, wherein the converter includes an adjustable inductance.

The invention of claim 99, wherein at least one of the at least one converter is a boost

converter.

The invention of claim 107, wherein the converter includes an adjustable inductance.

The invention of claim 99, wherein at least one of the at least one converter is a buck/boost
converter including an inductor, and wherein a first additional charge pump is positioned

before the inductor and a second additional charge pump is positioned after the inductor.

The invention of claim 66, wherein a first one of the at least one additional charge pump
and a first one of the at least one converter are merged into a first phase circuit, and a
second one of the at least one additional charge pump and a second one of the at least one
converter are merged into a second phase circuit, wherein the first and second phase cir-

cuits have common inputs and outputs.

The invention of claim 66, wherein the system voltage terminal is coupled to at least one

additional power converter.

The invention of claim 111, wherein the at least one additional power converter includes

a combination comprising a charge pump, an LC filter, and a plurality of buck converters.
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The invention of claim 111, wherein the at least one additional power converter includes

a combination comprising a charge pump and a buck converter.

The invention of claim 111, wherein the at least one additional power converter includes

a combination comprising a charge pump and a plurality of multi-phase buck converters.

The invention of claim 111, wherein the at least one additional power converter includes
a first combination comprising a charge pump and a plurality of multi-phase buck con-
verters, and a second combination comprising a charge pump and a plurality of multi-

phase buck converters, wherein the first and second combination are coupled in parallel.

The invention of claim 111, wherein the at least one additional power converter includes

a combination comprising a boost converter and a charge pump.

The invention of claim 111, wherein the at least one additional power converter includes

a buck converter.

The invention of claim 66, further including a load switch between the initial charge pump

and the power delivery path.

The invention of claim 66, further including a first load switch between the initial charge
pump and the power delivery path and configured to selectively enable and/or disable

power flow in the forward and/or reverse directions.

The invention of claim 119, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 119, further including a second load switch configured to bypass

the initial charge pump.

The invention of claim 121, wherein the second load switch includes two MOSFET

switches connected in series with body diodes pointed in opposite directions.

The invention of claim 66, wherein the initial charge pump is a fully resonant charge

pump.

The invention of claim 66, wherein the initial charge pump is a partially resonant charge

pump.

33



WO 2022/204251 PCT/US2022/021498

125.

126.

127.

128.

129.

130.

131.

132.

133.

134.

135.

The invention of claim 66, wherein the initial charge pump is a non-resonant charge pump.

The invention of claim 66, wherein the initial charge pump is an adiabatic charge pump.

The invention of claim 66, wherein the initial charge pump is a partially adiabatic charge

pump.
The invention of claim 66, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump

is a fully resonant charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump

is a partially resonant charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump

is a non-resonant charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump

is an adiabatic charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump

is a partially adiabatic charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump

is a diabatic charge pump.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power
delivery path and receive a first voltage, and a second terminal providing a second
voltage different from the first voltage;

(b) a charging circuit having (i) a voltage terminal coupled to the second terminal of the
initial charge pump, (ii) a system voltage terminal, and (iii) a charging voltage termi-
nal configured to be coupled to a battery, the charging circuit including:

(1) at least one additional charge pump coupled to the charging circuit voltage ter-
minal and configured to receive the second voltage and provide a third voltage,
different from the second voltage, to the battery through the charging voltage

terminal;
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(2) at least one converter coupled to the charging circuit voltage terminal and con-
figured to receive the second voltage and provide a fourth voltage different from
the second voltage, the fourth voltage being applied to the system voltage termi-
nal; and

(3) a charging transistor coupled to at least one of the at least one converter and to
the charging voltage terminal, the charging transistor configured to selectively

provide the fourth voltage to the battery through the charging voltage terminal.

The invention of claim 135, wherein the initial charge pump is bypassable.

The invention of claim 135, wherein the initial charge pump is selectively couplable to

more than one power delivery path.

The invention of claim 135, wherein the initial charge pump has a fixed conversion ratio.

The invention of claim 135, wherein the initial charge pump has a reconfigurable conver-

sion ratio.

The invention of claim 135, wherein at least one of the at least one additional charge pump

has a fixed conversion ratio.

The invention of claim 135, wherein at least one of the at least one additional charge pump

has a reconfigurable conversion ratio.

The invention of claim 135, wherein the charging transistor is controlled to charge the

battery in at least preconditioning, constant current, and constant voltage phases.

The invention of claim 135, wherein the charging transistor is controlled to charge the
battery in at least a trickle charge subphase, a pre-charge subphase, a constant current

(CC) subphase, and a constant voltage (CV) or taper subphase.

The invention of claim 135, wherein the power delivery path is selectively couplable to

either of a wired power delivery path or a wireless power delivery path.

The invention of claim 135, wherein the power delivery path is couplable to a wired power

delivery path.
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The invention of claim 145, wherein the wired power delivery path is coupled to an

AC/DC adapter.

The invention of claim 146, further including a control circuit coupled to the power de-
livery path and configured to provide commands over the wired power delivery path to
the AC/DC adapter to regulate a voltage and/or a current on the wired power delivery

path.

The invention of claim 145, wherein the wired power delivery path is a USB-C power

delivery path.

The invention of claim 135, wherein the power delivery path is couplable to a wireless

power delivery path.

The invention of claim 149, wherein the wireless power delivery path is coupled to an

AC/DC adapter.

The invention of claim 150, further including a control circuit coupled to the power de-
livery path and configured to provide commands over the wireless power delivery path to

regulate a voltage and/or a current on the wireless power delivery path.

The invention of claim 149, wherein the wireless power delivery path includes an air-core

transformer.

The invention of claim 149, wherein the wireless power delivery path is a Qi power de-

livery path.

The invention of claim 135, further including a control circuit coupled to the power de-
livery path and configured to provide commands to regulate a voltage and/or a current on

the power delivery path.

The invention of claim 135, further including a low-ON resistance switch coupled in par-

allel with the charging transistor.

The invention of claim 135, wherein the charging transistor is a constant current-constant

voltage charging transistor controlled by a control signal.
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The invention of claim 135, further including a controller coupled to the charging transis-
tor and configured to obtain one or more measurements to facilitate one or more battery

charging operations by applying a control voltage to the charging transistor.

The invention of claim 135, wherein at least one of the at least one converter includes an
adjustable inductance including at least a first inductor coupled in series with a second

inductor, wherein at least one of the first and second inductors is bypassable.

The invention of claim 135, wherein at least one of the at least one converter includes an
adjustable inductance including at least a first inductor coupled in parallel with a second
inductor, wherein at least one of the first and second inductors may be switchably discon-

nected.

The invention of claim 135, wherein at least one of the at least one converter includes an
adjustable inductance, wherein the adjustable inductance is adjusted as a function of an

operational mode of the charging circuit.

The invention of claim 135, wherein at least one of the at least one converter includes an
adjustable inductance, wherein the adjustable inductance is adjusted as a function of a

modulation of a voltage applied to a terminal of the adjustable inductance.

The invention of claim 135, wherein at least one of the at least one converter is a

buck/boost converter.
The invention of claim 162, wherein the converter includes an adjustable inductance.

The invention of claim 135, wherein at least one of the at least one converter is a buck

converter.
The invention of claim 164, wherein the converter includes an adjustable inductance.

The invention of claim 135, wherein at least one of the at least one converter is a boost

converter.
The invention of claim 166, wherein the converter includes an adjustable inductance.

The invention of claim 135, wherein at least one of the at least one additional charge pump

and at least one of the at least one converter are merged into a circuit.

37



WO 2022/204251 PCT/US2022/021498

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

180.

The invention of claim 168, wherein at least one merged additional charge pump has a

2:1 conversion ratio.

The invention of claim 168, wherein at least one merged additional charge pump has a

3:1 conversion ratio.

The invention of claim 168, wherein at least one of the at least one converter is a

buck/boost converter.

The invention of claim 171, wherein the converter includes an adjustable inductance.

The invention of claim 171, wherein the charging circuit is operable in a boost mode, a

charge pump mode, and at least one buck mode.

The invention of claim 168, wherein at least one of the at least one converter is a buck

converter.

The invention of claim 174, wherein the converter includes an adjustable inductance.

The invention of claim 168, wherein at least one of the at least one converter is a boost

converter.

The invention of claim 176, wherein the converter includes an adjustable inductance.

The invention of claim 168, wherein at least one of the at least one converter is a
buck/boost converter including an inductor, and wherein a first additional charge pump is
positioned before the inductor and a second additional charge pump is positioned after the

inductor.

The invention of claim 135, wherein a first one of the at least one additional charge pump
and a first one of the at least one converter are merged into a first phase circuit, and a
second one of the at least one additional charge pump and a second one of the at least one
converter are merged into a second phase circuit, wherein the first and second phase cir-

cuits have common ns and outputs.

The invention of claim 135, wherein the system voltage terminal is coupled to at least one

additional power converter.
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The invention of claim 180, wherein the at least one additional power converter includes

a combination comprising a charge pump, an LC filter, and a plurality of buck converters.

The invention of claim 180, wherein the at least one additional power converter includes

a combination comprising a charge pump and a buck converter.

The invention of claim 180, wherein the at least one additional power converter includes

a combination comprising a charge pump and a plurality of multi-phase buck converters.

The invention of claim 180, wherein the at least one additional power converter includes
a first combination comprising a charge pump and a plurality of multi-phase buck con-
verters, and a second combination comprising a charge pump and a plurality of multi-

phase buck converters, wherein the first and second combination are coupled in parallel.

The invention of claim 180, wherein the at least one additional power converter includes

a combination comprising a boost converter and a charge pump.

The invention of claim 180, wherein the at least one additional power converter includes

a buck converter.

The invention of claim 135, further including a load switch between the initial charge

pump and the power delivery path.

The invention of claim 135, further including a first load switch between the initial charge
pump and the power delivery path and configured to selectively enable and/or disable

power flow in the forward and/or reverse directions.

The invention of claim 188, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 188, further including a second load switch configured to bypass

the initial charge pump.

The invention of claim 190, wherein the second load switch includes two MOSFET

switches connected in series with body diodes pointed in opposite directions.

The invention of claim 135, wherein the initial charge pump is a fully resonant charge

pump.
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The invention of claim 135, wherein the initial charge pump is a partially resonant charge

pump.

The invention of claim 135, wherein the initial charge pump is a non-resonant charge

pump.
The invention of claim 135, wherein the initial charge pump is an adiabatic charge pump.

The invention of claim 135, wherein the initial charge pump is a partially adiabatic charge

pump.
The invention of claim 135, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a fully resonant charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a partially resonant charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a non-resonant charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is an adiabatic charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a partially adiabatic charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a diabatic charge pump.

A battery management system for use with a power converter, including:

(a) acoil configured to receive energy from a proximate wireless transmitter and output
a first voltage;

(b) a charging circuit including:
(1) avoltage terminal coupled to the first voltage;
(2) asystem voltage terminal;

(3) acharging voltage terminal configured to be coupled to a battery;
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(4) at least one charge pump coupled to the charging circuit voltage terminal and
configured to receive the first voltage and provide a second voltage different
from the first voltage, the second voltage being applied directly or selectively to
the battery through the charging voltage terminal; and

(5) a converter circuit coupled to the charging circuit voltage terminal and config-
ured to receive the first voltage and provide a third voltage different from the
first voltage, the third voltage being applied to the system voltage terminal and
selectively applied to the battery through the charging voltage terminal; and

(c) acontrol circuit coupled to the coil and configured to provide commands to the prox-

imate wireless transmitter to regulate the first voltage.

The invention of claim 204, wherein the system voltage terminal is coupled to at least one

additional power converter.

The invention of claim 205, wherein the at least one additional power converter includes

a combination comprising a charge pump, an LC filter, and a plurality of buck converters.

The invention of claim 205, wherein the at least one additional power converter includes

a combination comprising a charge pump and a buck converter.

The invention of claim 205, wherein the at least one additional power converter includes

a combination comprising a charge pump and a plurality of multi-phase buck converters.

The invention of claim 205, wherein the at least one additional power converter includes
a first combination comprising a charge pump and a plurality of multi-phase buck con-
verters, and a second combination comprising a charge pump and a plurality of multi-

phase buck converters, wherein the first and second combination are coupled in parallel.

The invention of claim 205, wherein the at least one additional power converter includes

a combination comprising a boost converter and a charge pump.

The invention of claim 205, wherein the at least one additional power converter includes

a buck converter.

The invention of claim 204, further including a load switch between the initial charge

pump and the coil.
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The invention of claim 204, further including a first load switch between the initial charge
pump and the coil and configured to selectively enable and/or disable power flow in the

forward and/or reverse directions.

The invention of claim 213, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 213, further including a second load switch configured to bypass

the initial charge pump.

The invention of claim 215, wherein the second load switch includes two MOSFET

switches connected in series with body diodes pointed in opposite directions.

The invention of claim 204, wherein at least one of the at least one charge pump is a fully

resonant charge pump.

The invention of claim 204, wherein at least one of the at least one charge pump is a

partially resonant charge pump.

The invention of claim 204, wherein at least one of the at least one charge pump is a non-

resonant charge pump.

The invention of claim 204, wherein at least one of the at least one charge pump is an

adiabatic charge pump.

The invention of claim 204, wherein at least one of the at least one charge pump is a

partially adiabatic charge pump.

The invention of claim 204, wherein at least one of the at least one charge pump is a

diabatic charge pump.

The invention of claim 204, further including an initial charge pump having a first termi-
nal coupled to the first voltage, and a second terminal providing a fourth voltage different
from the first voltage and to the voltage terminal of the charging circuit as a modified first

voltage.
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A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power
delivery path and receive a first voltage, and a second terminal providing a second
voltage different from the first voltage

(b) a charging circuit having (i) a voltage terminal coupled to the second terminal of the
initial charge pump, (ii) a system voltage terminal, and (iii) a charging voltage termi-
nal configured to be coupled to a battery, the charging circuit including:

(1) at least one additional charge pump coupled to the charging circuit voltage ter-
minal and configured to receive the first voltage and provide a second voltage
different from the first voltage, the second voltage being applied to the system
voltage terminal;

(2) at least one converter coupled to the charging circuit voltage terminal and con-
figured to receive the second voltage and provide a third voltage different from
the second voltage, the third voltage being applied to the system voltage termi-
nal, wherein the converter includes an adjustable inductance; and

(3) a charging transistor coupled to at least one of the at least one converter and to
at least one of the at least one additional charge pump, the charging transistor
configured to selectively provide the combined third and fourth voltages to the

battery through the charging voltage terminal.

The invention of claim 224, where the adjustable inductance is adjusted as a function of

an operational mode of the charging circuit.

The invention of claim 224, where the adjustable inductance is adjusted as a function of

a modulation of a voltage applied to a terminal of the adjustable inductance.

The invention of claim 224, wherein the adjustable inductance includes at least a first
inductor coupled in series with a second inductor, wherein at least one of the first and

second inductors is bypassable.

The invention of claim 224, wherein the adjustable inductance includes at least a first
inductor coupled in parallel with a second inductor, wherein at least one of the first and

second inductors may be switchably disconnected.

The invention of claim 224, wherein the power delivery path is selectively couplable to

either of a wired power delivery path or a wireless power delivery path.
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230.

231.

232.

233.

234.

235.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power
delivery path and receive a first voltage, and a second terminal providing a second
voltage different from the first voltage;

(b) a charging circuit having (i) a voltage terminal coupled to the second terminal of the
initial charge pump, (ii) a system voltage terminal, and (iii) a charging voltage termi-
nal configured to be coupled to a battery, the charging circuit including:

(1) at least one additional charge pump coupled to the charging circuit voltage ter-
minal and configured to receive the second voltage and provide a third voltage,
different from the second voltage, to the battery through the charging voltage
terminal;

(2) at least one converter coupled to the charging circuit voltage terminal and con-
figured to receive the second voltage and provide a fourth voltage different from
the second voltage, the fourth voltage being applied to the system voltage termi-
nal, wherein the converter includes an adjustable inductance; and

(3) a charging transistor coupled to at least one of the at least one converter and to
the charging voltage terminal, the charging transistor configured to selectively

provide the fourth voltage to the battery through the charging voltage terminal.

The invention of claim 230, wherein the adjustable inductance is adjusted as a function

of an operational mode of the charging circuit.

The invention of claim 230, wherein the adjustable inductance is adjusted as a function

of a modulation of a voltage applied to a terminal of the adjustable inductance.

The invention of claim 230, wherein the adjustable inductance includes at least a first
inductor coupled in series with a second inductor, wherein at least one of the first and

second inductors is bypassable.

The invention of claim 230, wherein the adjustable inductance includes at least a first
inductor coupled in parallel with a second inductor, wherein at least one of the first and

second inductors may be switchably disconnected.

The invention of claim 230, wherein the power delivery path is selectively couplable to

either of a wired power delivery path or a wireless power delivery path.
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236.

237.

238.

239.

240.

241.

242.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to either one
of a wired power delivery path or a wireless power delivery path and receive a first
voltage from a selected one of the wired power delivery path or wireless power de-
livery path, and a second terminal providing a second voltage different from the first
voltage;

(b) a charging circuit including:

(1) avoltage terminal coupled to the second terminal of the initial charge pump;

(2) asystem voltage terminal;

(3) acharging voltage terminal configured to be coupled to a battery; and

(4) at least one additional charge pump coupled to the charging circuit voltage ter-
minal and configured to receive the second voltage and provide a third voltage
different from the second voltage, the third voltage being applied to the system
voltage terminal and, directly or indirectly, to the battery through the charging

voltage terminal.

The invention of claim 236, further including a load switch between the initial charge

pump and both of the wired and wireless power delivery paths.

The invention of claim 236, further including a first load switch between the initial charge
pump and both of the wired and wireless power delivery paths and configured to selec-

tively enable and/or disable power flow in the forward and/or reverse directions.

The invention of claim 238, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 238, further including a second load switch configured to bypass

the initial charge pump.

The invention of claim 240, wherein the second load switch includes two MOSFET

switches connected in series with body diodes pointed in opposite directions.

The invention of claim 236, wherein the initial charge pump is a fully resonant charge

pump.
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243.

244.

245.

246.

247.

248.

249.

250.

251.

252.

253.

254.

The invention of claim 236, wherein the initial charge pump is a partially resonant charge

pump.

The invention of claim 236, wherein the initial charge pump is a non-resonant charge

pump.
The invention of claim 236, wherein the initial charge pump is an adiabatic charge pump.

The invention of claim 236, wherein the initial charge pump is a partially adiabatic charge

pump.
The invention of claim 236, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 236, wherein at least one of the at least one additional charge pump

is a fully resonant charge pump.

The invention of claim 236, wherein at least one of the at least one additional charge pump

is a partially resonant charge pump.

The invention of claim 236, wherein at least one of the at least one additional charge pump

is a non-resonant charge pump.

The invention of claim 236, wherein at least one of the at least one additional charge pump

is an adiabatic charge pump.

The invention of claim 236, wherein at least one of the at least one additional charge pump

is a partially adiabatic charge pump.

The invention of claim 236, wherein at least one of the at least one additional charge pump

is a diabatic charge pump.

A battery management system for use with a power converter, including:
(a) a charging circuit including:
(1) avoltage terminal;
(2) asystem voltage terminal;
(3) acharging voltage terminal configured to be coupled to a battery; and
(4) atleastone at least partially resonant charge pump coupled to the charging circuit

voltage terminal and configured to receive a first voltage and provide a second
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voltage different from the first voltage, the second voltage being applied to the

system voltage terminal and, directly or indirectly, to the battery through the
charging voltage terminal; and

(b) a set of switches coupled between a wireless power delivery path and the voltage

terminal of the charging circuit, and between a wired power delivery path and the

voltage terminal of the charging circuit, the set of switches configured to couple a

selected one of the wireless power delivery path or the wired power delivery path to

the voltage terminal of the charging circuit.

255. The invention of claim 254, wherein the at least one at least partially resonant charge

pump is a fully resonant charge pump.

256. A battery management system for use with a power converter, including:
(a) a charging circuit including:
(1) avoltage terminal;
(2) asystem voltage terminal;
(3) acharging voltage terminal configured to be coupled to a battery; and
(4) atleastone at least partially resonant charge pump coupled to the charging circuit
voltage terminal and configured to receive a first voltage and provide a second
voltage different from the first voltage, the second voltage being applied to the
system voltage terminal and, directly or indirectly, to the battery through the
charging voltage terminal;
(b) a first switch configured to be coupled between a wireless power delivery path and
the voltage terminal of the charging circuit; and
(c) a second switch configured to be coupled between a wired power delivery path and

the voltage terminal of the charging circuit.

257. The invention of claim 256, wherein the at least one at least partially resonant charge

pump is a fully resonant charge pump.

258. A battery management system for use with a power converter, including:
(a) a charging circuit having (i) a first terminal configured to receive a first voltage, (ii)
a system voltage terminal, and (iii) a charging voltage terminal, wherein the charging

circuit:
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259.

260.

261.

262.

263.

264.

(1) operates as a charge pump in a non-regulating mode of operation to provide a
second voltage, different from the first voltage, to the system voltage terminal
and the charging voltage terminal; and

(2) asaconverter in a regulating mode of operation to provide the second voltage to
the system voltage terminal and the charging voltage terminal, wherein the con-
verter includes an adjustable inductance; and

(b) a charging transistor coupled to the charging voltage terminal and configured to be
coupled to a battery, the charging transistor configured to provide the second voltage

to the battery.

The invention of claim 258, where the adjustable inductance is adjusted as a function of

an operational mode of the charging circuit.

The invention of claim 258, where the adjustable inductance is adjusted as a function of

a modulation of a voltage applied to a terminal of the adjustable inductance.

The invention of claim 258, wherein the adjustable inductance includes at least a first
inductor coupled in series with a second inductor, wherein at least one of the first and

second inductors is bypassable.

The invention of claim 258, wherein the adjustable inductance includes at least a first
inductor coupled in parallel with a second inductor, wherein at least one of the first and

second inductors may be switchably disconnected.

The invention of claim 258, further including a bypass switch coupled in parallel with the

charging transistor and configured to selectively bypass the charging transistor.

A battery management system for use with a power converter, including:

(a) a charge pump having a first terminal configured to receive a first voltage, and a
second terminal providing a second voltage different from the first voltage;

(b) a first switch configured to be coupled between a wireless power delivery path and
the first terminal of the charge pump;

(c) a second switch configured to be coupled between a wired power delivery path and

the first terminal of the charge pump.
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265.

266.

267.

268.

The invention of claim 264, wherein at least one of the first switch and second switch is
a load switch configured to selectively enable and/or disable power flow in the forward

and/or reverse directions.

A battery management system for use with a power converter, including:

(a) a charge pump having a first terminal configured to receive a first voltage, and a
second terminal providing a second voltage different from the first voltage;

(b) a set of switches coupled between a wireless power delivery path and the first termi-
nal of the charge pump, and between a wired power delivery path and the first termi-
nal of the charge pump, the set of switches configured to couple a selected one of the
wireless power delivery path or the wired power delivery path to the first terminal of

the charge pump.

The invention of claim 266, wherein at least one of the set of switches is a load switch
configured to selectively enable and/or disable power flow in the forward and/or reverse

directions.

An apparatus, comprising a battery management system for use with a power converter,

the battery management system comprising:

(a) a front-end arrangement having at least one AC/DC adapter;

(b) abattery charging arrangement to be coupled with the front-end arrangement via one
or more power delivery paths; and

(c) asystem bus arrangement to be coupled to the battery charging arrangement;
wherein the front-end arrangement, the battery charging arrangement, and the system

bus arrangement to cooperate to produce a regulated voltage to charge a battery based, at

least in part, on regulating the at least one AC/DC adapter via at least one of the one or

more power delivery paths.
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AMENDED CLAIMS
received by the International Bureau on 27 August 2022 (27.08.2022)

WHAT IS CLAIMED IS:

1.

A battery management system for use with a power converter, including:

(@)

(b)

(©

a first load switch, the first load switch capable of: (1) stopping power in a first direction

and i a second direction opposite to the first direction and (2) connecting to or

disconnecting from a power delivery path;

an initial charge pump having a first terminal coupled to the first load switch and

configured to selectively receive a first voltage through the first load switch from the

power delivery path, and a second terminal providing a second voltage different from

the first voltage;

a charging circuit including;

(1) a voltage terminal coupled to the second terminal of the initial charge pump;

(2) asystem voltage terminal to provide power to one or more loads;

(3) a charging voltage terminal configured to be coupled to a battery; and

(4) at least one additional charge pump coupled to the charging circuit voltage terminal
and configured to receive the second voltage and provide a third voltage different
from the second voltage, the third voltage being applied to the system voltage
terminal and, directly or indirectly, to the battery through the charging voltage

terminal.

The invention of claim 1, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 1, further including a second load switch coupled in parallel with the

initial charge pump and configured to selectively bypass the initial charge pump.

The invention of claim 3, wherein the second load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 1, wherein the power delivery path is selectively couplable to either

of a wired power delivery path or a wireless power delivery path.
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11.
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A battery management system for use with a power converter, including:
(a) an initial charge pump having a first terminal configured to receive a first voltage, and a
second terminal providing a second voltage different from the first voltage;
(b) a first switch configured to be coupled between a wireless power delivery path and the
first terminal of the initial charge pump;
(c) asecond switch configured to be coupled between a wired power delivery path and the
first terminal of the initial charge pump; and
(d) a charging circuit including:
(1) a voltage terminal coupled to the second terminal of the initial charge pump;
(2) asystem voltage terminal to provide power to one or more loads;
(3) a charging voltage terminal configured to be coupled to a battery; and
(4) at least one additional charge pump coupled to the charging circuit voltage terminal
and configured to receive the second voltage and provide a third voltage different
from the second voltage, the third voltage being applied to the system voltage
terminal and, directly or indirectly, to the battery through the charging voltage

terminal.

The invention of claim 6, wherein the first switch includes two MOSFET switches connected

in series with body diodes pointed in opposite directions.

The invention of claim 6, wherein the second switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 6, further including a third switch coupled between the second switch
and the first terminal of the initial charge pump and configured to selectively bypass the initial

charge pump.

The invention of claim 9, wherein the third switch includes two MOSFET switches connected

in series with body diodes pointed in opposite directions.

A battery management system for use with a power converter, including:
(a) an initial charge pump having a first terminal configured to receive a first voltage, and a

second terminal providing a second voltage different from the first voltage;
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13.

14.

15.

16.

17.

18.

19.

WO 2022/204251 PCT/US2022/021498

(b) a set of switches coupled between a wireless power delivery path and the first terminal
of the initial charge pump, and between a wired power delivery path and the first terminal
of the initial charge pump, the set of switches configured to couple a selected one of the
wireless power delivery path or the wired power delivery path to the first terminal of the
initial charge pump; and

(c) a charging circuit including:

(1) a voltage terminal coupled to the second terminal of the initial charge pump;

(2) asystem voltage terminal to provide power to one or more loads;

(3) a charging voltage terminal configured to be coupled to a battery; and

(4) at least one additional charge pump coupled to the charging circuit voltage terminal
and configured to receive the second voltage and provide a third voltage different
from the second voltage, the third voltage being applied to the system voltage
terminal and, directly or indirectly, to the battery through the charging voltage

terminal.
The invention of claim 11, wherein the initial charge pump is a fully resonant charge pump.

The invention of claim 11, wherein the initial charge pump is a partially resonant charge

pump.
The invention of claim 11, wherein the initial charge pump is a non-resonant charge pump.
The invention of claim 11, wherein the initial charge pump is an adiabatic charge pump.

The invention of claim 11, wherein the initial charge pump is a partially adiabatic charge

pump.
The invention of claim 11, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump is

a fully resonant charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump is

a partially resonant charge pump.
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28.
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The invention of claim 11, wherein at least one of the at least one additional charge pump is

a non-resonant charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump is

an adiabatic charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump is

a partially adiabatic charge pump.

The invention of claim 11, wherein at least one of the at least one additional charge pump is

a diabatic charge pump.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power
delivery path and receive a first voltage, and a second terminal providing a second
voltage different from the first voltage;

(b) a charging circuit including:

(1) a voltage terminal coupled to the second terminal of the initial charge pump;

(2) asystem voltage terminal to provide power to one or more loads;

(3) a charging voltage terminal configured to be coupled to a battery; and

(4) at least one additional charge pump coupled to the charging circuit voltage terminal
and configured to receive the second voltage and provide a third voltage different
from the second voltage, the third voltage being applied to the system voltage
terminal and, directly or indirectly, to the battery through the charging voltage

terminal.
The invention of claim 24, wherein the initial charge pump is bypassable.

The invention of claim 24, wherein the initial charge pump is selectively couplable to more

than one power delivery path.
The invention of claim 24, wherein the initial charge pump has a fixed conversion ratio.

The invention of claim 24, wherein the initial charge pump has a reconfigurable conversion

ratio.
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The invention of claim 24, wherein at least one of the at least one additional charge pump has

a fixed conversion ratio.

The invention of claim 24, wherein at least one of the at least one additional charge pump has

a reconfigurable conversion ratio.

The invention of claim 24, wherein the power delivery path is selectively couplable to either

of a wired power delivery path or a wireless power delivery path.

The invention of claim 24, wherein the power delivery path is couplable to a wired power

delivery path.

The invention of claim 32, wherein the wired power delivery path is coupled to an AC/DC

adapter.

The invention of claim 33, further including a control circuit coupled to the power delivery
path and configured to provide commands over the wired power delivery path to the AC/DC

adapter to regulate a voltage and/or a current on the wired power delivery path.

The invention of claim 32, wherein the wired power delivery path is a USB-C power delivery

path.

The invention of claim 24, wherein the power delivery path is couplable to a wireless power

delivery path.

The invention of claim 36, wherein the wireless power delivery path is coupled to an AC/DC

adapter.

The invention of claim 37, further including a control circuit coupled to the power delivery
path and configured to provide commands over the wireless power delivery path to regulate

a voltage and/or a current on the wireless power delivery path.

The invention of claim 36, wherein the wireless power delivery path includes an air-core

transformer.

54
AMENDED SHEET (ARTICLE 19)



40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

WO 2022/204251 PCT/US2022/021498

The invention of claim 36, wherein the wireless power delivery path is a Q1 power delivery

path.

The invention of claim 24, further including a control circuit coupled to the power delivery
path and configured to provide commands to regulate a voltage and/or a current on the power

delivery path.

The invention of claim 24, wherein the system voltage terminal is coupled to at least one

additional power converter.

The invention of claim 42, wherein the at least one additional power converter includes a

combination comprising a charge pump, an LC filter, and a plurality of buck converters.

The invention of claim 42, wherein the at least one additional power converter includes a

combination comprising a charge pump and a buck converter.

The invention of claim 42, wherein the at least one additional power converter includes a

combination comprising a charge pump and a plurality of multi-phase buck converters.

The invention of claim 42, wherein the at least one additional power converter includes a first
combination comprising a charge pump and a plurality of multi-phase buck converters, and
a second combination comprising a charge pump and a plurality of multi-phase buck

converters, wherein the first and second combination are coupled in parallel.

The invention of claim 42, wherein the at least one additional power converter includes a

combination comprising a boost converter and a charge pump.

The invention of claim 42, wherein the at least one additional power converter includes a

buck converter.

The invention of claim 24, further including a load switch between the initial charge pump

and the power delivery path.

55
AMENDED SHEET (ARTICLE 19)



50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

WO 2022/204251 PCT/US2022/021498

The invention of claim 24, further including a first load switch between the initial charge
pump and the power delivery path and configured to selectively enable and/or disable power

flow 1n the forward and/or reverse directions.

The invention of claim 50, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 50, further including a second load switch configured to bypass the

initial charge pump.

The invention of claim 52, wherein the second load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.
The invention of claim 24, wherein the initial charge pump is a fully resonant charge pump.

The invention of claim 24, wherein the initial charge pump is a partially resonant charge

pump.
The invention of claim 24, wherein the initial charge pump is a non-resonant charge pump.
The invention of claim 24, wherein the initial charge pump is an adiabatic charge pump.

The invention of claim 24, wherein the initial charge pump is a partially adiabatic charge

pump.
The invention of claim 24, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump is

a fully resonant charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump is

a partially resonant charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump is

a non-resonant charge pump.
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The invention of claim 24, wherein at least one of the at least one additional charge pump is

an adiabatic charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump is

a partially adiabatic charge pump.

The invention of claim 24, wherein at least one of the at least one additional charge pump is

a diabatic charge pump.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power
delivery path and receive a first voltage, and a second terminal providing a second
voltage different from the first voltage;

(b) a charging circuit having (1) a voltage terminal coupled to the second terminal of the
initial charge pump, (i1) a system voltage terminal, and (ii1) a charging voltage terminal
configured to be coupled to a battery, the charging circuit including:

(1) at least one additional charge pump coupled to the charging circuit voltage terminal
and configured to receive the second voltage and provide a third voltage different
from the second voltage, the third voltage being applied to the system voltage
terminal;

(2) at least one converter coupled to the charging circuit voltage terminal and configured
to receive the second voltage and provide a fourth voltage different from the second
voltage, the fourth voltage being applied to the system voltage terminal; and

(3) a charging transistor coupled to at least one of the at least one converter and to at
least one of the at least one additional charge pump, the charging transistor
configured to selectively provide the combined third and fourth voltages to the

battery through the charging voltage terminal.
The invention of claim 66, wherein the initial charge pump is bypassable.

The invention of claim 66, wherein the initial charge pump is selectively couplable to more

than one power delivery path.

The invention of claim 66, wherein the initial charge pump has a fixed conversion ratio.
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The invention of claim 66, wherein the initial charge pump has a reconfigurable conversion

ratio.

The invention of claim 66, wherein at least one of the at least one additional charge pump has

a fixed conversion ratio.

The invention of claim 66, wherein at least one of the at least one additional charge pump has

a reconfigurable conversion ratio.

The invention of claim 66, wherein the charging transistor is controlled to charge the battery

in at least preconditioning, constant current, and constant voltage phases.

The invention of claim 66, wherein the charging transistor is controlled to charge the battery
in at least a trickle charge subphase, a pre-charge subphase, a constant current (CC) subphase,

and a constant voltage (CV) or taper subphase.

The invention of claim 66, wherein the power delivery path is selectively couplable to either

of a wired power delivery path or a wireless power delivery path.

The invention of claim 66, wherein the power delivery path is couplable to a wired power

delivery path.

The invention of claim 76, wherein the wired power delivery path is coupled to an AC/DC

adapter.

The invention of claim 77, further including a control circuit coupled to the power delivery
path and configured to provide commands over the wired power delivery path to the AC/DC

adapter to regulate a voltage and/or a current on the wired power delivery path.

The invention of claim76 wherein the wired power delivery path is a USB-C power delivery

path.

The invention of claim 66, wherein the power delivery path is couplable to a wireless power

delivery path.
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The invention of claim 80, wherein the wireless power delivery path is coupled to an AC/DC

adapter.

The invention of claim 81, further including a control circuit coupled to the power delivery
path and configured to provide commands over the wireless power delivery path to regulate

a voltage and/or a current on the wireless power delivery path.

The invention of claim 80, wherein the wireless power delivery path includes an air-core

transformer.

The invention of claim 80, wherein the wireless power delivery path is a Q1 power delivery

path.

The invention of claim 66, further including a control circuit coupled to the power delivery
path and configured to provide commands to regulate a voltage and/or a current on the power

delivery path.

The invention of claim 66, further including a low-ON resistance switch coupled in parallel

with the charging transistor.

The invention of claim 66, wherein the charging transistor is a constant current-constant

voltage charging transistor controlled by a control signal.

The invention of claim 66, further including a controller coupled to the charging transistor
and configured to obtain one or more measurements to facilitate one or more battery charging

operations by applying a control voltage to the charging transistor.

The invention of claim 66, wherein at least one of the at least one converter includes an
adjustable inductance including at least a first inductor coupled in series with a second

inductor, wherein at least one of the first and second inductors is bypassable.

The invention of claim 66, wherein at least one of the at least one converter includes an
adjustable inductance including at least a first inductor coupled in parallel with a second
inductor, wherein at least one of the first and second inductors may be switchably

disconnected.
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103.

The invention of claim 66, wherein at least one of the at least one converter includes an
adjustable inductance, wherein the adjustable inductance is adjusted as a function of an

operational mode of the charging circuit.

The invention of claim 66, wherein at least one of the at least one converter includes an
adjustable inductance, wherein the adjustable inductance is adjusted as a function of a

modulation of a voltage applied to a terminal of the adjustable inductance.

The invention of claim 66, wherein at least one of the at least one converter is a buck/boost

converter.
The invention of claim 93, wherein the converter includes an adjustable inductance.

The invention of claim 66, wherein at least one of the at least one converter is a buck

converter.
The invention of claim 95, wherein the converter includes an adjustable inductance.

The invention of claim 66, wherein at least one of the at least one converter is a boost

converter.
The invention of claim 97, wherein the converter includes an adjustable inductance.

The invention of claim 66, wherein at least one of the at least one additional charge pump

and at least one of the at least one converter are merged into a circuit.

The invention of claim 99, wherein at least one merged additional charge pump has a 2:1

conversion ratio.

The invention of claim 99, wherein at least one merged additional charge pump has a 3:1

conversion ratio.

The invention of claim 99, wherein at least one of the at least one converter is a buck/boost

converter.

The invention of claim 102, wherein the converter includes an adjustable inductance.
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104.

105.

106.

107.

108.

109.

110.

I11.

112.

113.

114.

The invention of claim 102, wherein the charging circuit is operable in a boost mode, a charge

pump mode, and at least one buck mode.

The invention of claim 99, wherein at least one of the at least one converter is a buck

converter.
The invention of claim 105, wherein the converter includes an adjustable inductance.

The invention of claim 99, wherein at least one of the at least one converter is a boost

converter.

The invention of claim 107, wherein the converter includes an adjustable inductance.

The invention of claim 99, wherein at least one of the at least one converter is a buck/boost
converter including an inductor, and wherein a first additional charge pump is positioned

before the inductor and a second additional charge pump is positioned after the inductor.

The invention of claim 66, wherein a first one of the at least one additional charge pump and
a first one of the at least one converter are merged into a first phase circuit, and a second one
of the at least one additional charge pump and a second one of the at least one converter are
merged into a second phase circuit, wherein the first and second phase circuits have common

inputs and outputs.

The invention of claim 66, wherein the system voltage terminal is coupled to at least one

additional power converter.

The invention of claim 111, wherein the at least one additional power converter includes a

combination comprising a charge pump, an LC filter, and a plurality of buck converters.

The invention of claim 111, wherein the at least one additional power converter includes a

combination comprising a charge pump and a buck converter.

The invention of claim 111, wherein the at least one additional power converter includes a

combination comprising a charge pump and a plurality of multi-phase buck converters.
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115.

116.

117.

118.

119.

120.

121.

122.

123.

124.

125.

126.

The invention of claim 111, wherein the at least one additional power converter includes a
first combination comprising a charge pump and a plurality of multi-phase buck converters,
and a second combination comprising a charge pump and a plurality of multi-phase buck

converters, wherein the first and second combination are coupled in parallel.

The invention of claim 111, wherein the at least one additional power converter includes a

combination comprising a boost converter and a charge pump.

The invention of claim 111, wherein the at least one additional power converter includes a

buck converter.

The invention of claim 66, further including a load switch between the initial charge pump

and the power delivery path.

The invention of claim 66, further including a first load switch between the initial charge
pump and the power delivery path and configured to selectively enable and/or disable power

flow 1n the forward and/or reverse directions.

The invention of claim 119, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 119, further including a second load switch configured to bypass the

initial charge pump.

The invention of claim 121, wherein the second load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 66, wherein the initial charge pump is a fully resonant charge pump.

The invention of claim 66, wherein the initial charge pump is a partially resonant charge

pump.
The invention of claim 66, wherein the initial charge pump is a non-resonant charge pump.

The invention of claim 66, wherein the initial charge pump is an adiabatic charge pump.
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127.

128.

129.

130.

131.

132.

133.

134.

135.

The invention of claim 66, wherein the initial charge pump is a partially adiabatic charge
pump.
The invention of claim 66, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump is

a fully resonant charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump is

a partially resonant charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump is

a non-resonant charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump is

an adiabatic charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump is

a partially adiabatic charge pump.

The invention of claim 66, wherein at least one of the at least one additional charge pump is

a diabatic charge pump.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power
delivery path and receive a first voltage, and a second terminal providing a second
voltage different from the first voltage;

(b) a charging circuit having (1) a voltage terminal coupled to the second terminal of the
initial charge pump, (i1) a system voltage terminal, and (ii1) a charging voltage terminal
configured to be coupled to a battery, the charging circuit including:

(1) at least one additional charge pump coupled to the charging circuit voltage terminal
and configured to receive the second voltage and provide a third voltage, different

from the second voltage, to the battery through the charging voltage terminal;
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136.

137.

138.

139.

140.

141.

142.

143.

144.

145.

(2) at least one converter coupled to the charging circuit voltage terminal and configured
to receive the second voltage and provide a fourth voltage different from the second
voltage, the fourth voltage being applied to the system voltage terminal; and

(3) a charging transistor coupled to at least one of the at least one converter and to the
charging voltage terminal, the charging transistor configured to selectively provide

the fourth voltage to the battery through the charging voltage terminal.
The invention of claim 135, wherein the initial charge pump is bypassable.

The invention of claim 135, wherein the initial charge pump is selectively couplable to more

than one power delivery path.
The invention of claim 135, wherein the initial charge pump has a fixed conversion ratio.

The invention of claim 135, wherein the initial charge pump has a reconfigurable conversion

ratio.

The invention of claim 135, wherein at least one of the at least one additional charge pump

has a fixed conversion ratio.

The invention of claim 135, wherein at least one of the at least one additional charge pump

has a reconfigurable conversion ratio.

The invention of claim 135, wherein the charging transistor is controlled to charge the battery

in at least preconditioning, constant current, and constant voltage phases.

The invention of claim 135, wherein the charging transistor is controlled to charge the battery
in at least a trickle charge subphase, a pre-charge subphase, a constant current (CC) subphase,

and a constant voltage (CV) or taper subphase.

The invention of claim 135, wherein the power delivery path is selectively couplable to either

of a wired power delivery path or a wireless power delivery path.

The invention of claim 135, wherein the power delivery path is couplable to a wired power

delivery path.
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146.

147.

148.

149.

150.

I51.

152.

153.

154.

155.

156.

The invention of claim 145, wherein the wired power delivery path is coupled to an AC/DC

adapter.

The invention of claim 146, further including a control circuit coupled to the power delivery
path and configured to provide commands over the wired power delivery path to the AC/DC

adapter to regulate a voltage and/or a current on the wired power delivery path.

The invention of claim 145, wherein the wired power delivery path is a USB-C power

delivery path.

The invention of claim 135, wherein the power delivery path is couplable to a wireless power

delivery path.

The invention of claim 149, wherein the wireless power delivery path is coupled to an AC/DC

adapter.

The invention of claim 150, further including a control circuit coupled to the power delivery
path and configured to provide commands over the wireless power delivery path to regulate

a voltage and/or a current on the wireless power delivery path.

The invention of claim 149, wherein the wireless power delivery path includes an air-core

transformer.

The invention of claim 149, wherein the wireless power delivery path is a Qi power delivery

path.

The invention of claim 135, further including a control circuit coupled to the power delivery
path and configured to provide commands to regulate a voltage and/or a current on the power

delivery path.

The invention of claim 135, further including a low-ON resistance switch coupled in parallel

with the charging transistor.

The invention of claim 135, wherein the charging transistor is a constant current-constant

voltage charging transistor controlled by a control signal.
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157.

158.

159.

160.

161.

162.

163.

164.

165.

166.

167.

The invention of claim 135, further including a controller coupled to the charging transistor
and configured to obtain one or more measurements to facilitate one or more battery charging

operations by applying a control voltage to the charging transistor.

The invention of claim 135, wherein at least one of the at least one converter includes an
adjustable inductance including at least a first inductor coupled in series with a second

inductor, wherein at least one of the first and second inductors is bypassable.

The invention of claim 135, wherein at least one of the at least one converter includes an
adjustable inductance including at least a first inductor coupled in parallel with a second
inductor, wherein at least one of the first and second inductors may be switchably

disconnected.

The invention of claim 135, wherein at least one of the at least one converter includes an
adjustable inductance, wherein the adjustable inductance is adjusted as a function of an

operational mode of the charging circuit.

The invention of claim 135, wherein at least one of the at least one converter includes an
adjustable inductance, wherein the adjustable inductance is adjusted as a function of a

modulation of a voltage applied to a terminal of the adjustable inductance.

The invention of claim 135, wherein at least one of the at least one converter is a buck/boost

converter.
The invention of claim 162, wherein the converter includes an adjustable inductance.

The invention of claim 135, wherein at least one of the at least one converter is a buck

converter.
The invention of claim 164, wherein the converter includes an adjustable inductance.

The invention of claim 135, wherein at least one of the at least one converter is a boost

converter.

The invention of claim 166, wherein the converter includes an adjustable inductance.
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168.

169.

170.

171.

172.

173.

174.

175.

176.

177.

178.

179.

The invention of claim 135, wherein at least one of the at least one additional charge pump

and at least one of the at least one converter are merged into a circuit.

The invention of claim 168, wherein at least one merged additional charge pump has a 2:1

conversion ratio.

The invention of claim 168, wherein at least one merged additional charge pump has a 3:1

conversion ratio.

The invention of claim 168, wherein at least one of the at least one converter is a buck/boost

converter.

The invention of claim 171, wherein the converter includes an adjustable inductance.

The invention of claim 171, wherein the charging circuit is operable in a boost mode, a charge

pump mode, and at least one buck mode.

The invention of claim 168, wherein at least one of the at least one converter is a buck

converter.

The invention of claim 174, wherein the converter includes an adjustable inductance.

The invention of claim 168, wherein at least one of the at least one converter is a boost

converter.
The invention of claim 176, wherein the converter includes an adjustable inductance.

The invention of claim 168, wherein at least one of the at least one converter is a buck/boost
converter including an inductor, and wherein a first additional charge pump is positioned

before the inductor and a second additional charge pump is positioned after the inductor.

The invention of claim 135, wherein a first one of the at least one additional charge pump
and a first one of the at least one converter are merged into a first phase circuit, and a second
one of the at least one additional charge pump and a second one of the at least one converter
are merged into a second phase circuit, wherein the first and second phase circuits have

common ns and outputs.
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180.

181.

182.

183.

184.

185.

186.

187.

188.

189.

190.

The invention of claim 135, wherein the system voltage terminal is coupled to at least one

additional power converter.

The invention of claim 180, wherein the at least one additional power converter includes a

combination comprising a charge pump, an LC filter, and a plurality of buck converters.

The invention of claim 180, wherein the at least one additional power converter includes a

combination comprising a charge pump and a buck converter.

The invention of claim 180, wherein the at least one additional power converter includes a

combination comprising a charge pump and a plurality of multi-phase buck converters.

The invention of claim 180, wherein the at least one additional power converter includes a
first combination comprising a charge pump and a plurality of multi-phase buck converters,
and a second combination comprising a charge pump and a plurality of multi-phase buck

converters, wherein the first and second combination are coupled in parallel.

The invention of claim 180, wherein the at least one additional power converter includes a

combination comprising a boost converter and a charge pump.

The invention of claim 180, wherein the at least one additional power converter includes a

buck converter.

The invention of claim 135, further including a load switch between the initial charge pump

and the power delivery path.

The invention of claim 135, further including a first load switch between the initial charge
pump and the power delivery path and configured to selectively enable and/or disable power

flow 1n the forward and/or reverse directions.

The invention of claim 188, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 188, further including a second load switch configured to bypass the

initial charge pump.

68
AMENDED SHEET (ARTICLE 19)



WO 2022/204251 PCT/US2022/021498

191.

192.

193.

194.

195.

196.

197.

198.

199.

200.

201.

202.

203.

The invention of claim 190, wherein the second load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.
The invention of claim 135, wherein the initial charge pump is a fully resonant charge pump.

The invention of claim 135, wherein the initial charge pump is a partially resonant charge

pump.
The invention of claim 135, wherein the initial charge pump is a non-resonant charge pump.

The invention of claim 135, wherein the initial charge pump is an adiabatic charge pump.

The invention of claim 135, wherein the initial charge pump is a partially adiabatic charge

pump.
The invention of claim 135, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a fully resonant charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a partially resonant charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a non-resonant charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is an adiabatic charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a partially adiabatic charge pump.

The invention of claim 135, wherein at least one of the at least one additional charge pump

is a diabatic charge pump.
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205.

206.

207.

208.

209.

A battery management system for use with a power converter, including:

(a) a coil configured to receive energy from a proximate wireless transmitter and output a
first voltage;

(b) a charging circuit including:

(1) avoltage terminal coupled to the first voltage;

(2) asystem voltage terminal to provide power to one or more loads;

(3) a charging voltage terminal configured to be coupled to a battery;

(4) at least one charge pump coupled to the charging circuit voltage terminal and
configured to receive the first voltage and provide a second voltage different from
the first voltage, the second voltage being applied directly or selectively to the
battery through the charging voltage terminal; and

(5) a converter circuit coupled to the charging circuit voltage terminal and configured
to receive the first voltage and provide a third voltage different from the first voltage,
the third voltage being applied to the system voltage terminal and selectively applied
to the battery through the charging voltage terminal; and

(c) a control circuit coupled to the coil and configured to provide commands to the

proximate wireless transmitter to regulate the first voltage.

The invention of claim 204, wherein the system voltage terminal is coupled to at least one

additional power converter.

The invention of claim 205, wherein the at least one additional power converter includes a

combination comprising a charge pump, an LC filter, and a plurality of buck converters.

The invention of claim 205, wherein the at least one additional power converter includes a

combination comprising a charge pump and a buck converter.

The invention of claim 205, wherein the at least one additional power converter includes a

combination comprising a charge pump and a plurality of multi-phase buck converters.

The invention of claim 205, wherein the at least one additional power converter includes a

first combination comprising a charge pump and a plurality of multi-phase buck converters,
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210.

211.

212.

213.

214.

215.

216.

217.

218.

219.

220.

and a second combination comprising a charge pump and a plurality of multi-phase buck

converters, wherein the first and second combination are coupled in parallel.

The invention of claim 205, wherein the at least one additional power converter includes a

combination comprising a boost converter and a charge pump.

The invention of claim 205, wherein the at least one additional power converter includes a

buck converter.

The invention of claim 204, further including a load switch between the initial charge pump

and the coil.

The invention of claim 204, further including a first load switch between the initial charge
pump and the coil and configured to selectively enable and/or disable power flow in the

forward and/or reverse directions.

The invention of claim 213, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 213, further including a second load switch configured to bypass the

initial charge pump.

The invention of claim 215, wherein the second load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 204, wherein at least one of the at least one charge pump is a fully

resonant charge pump.

The invention of claim 204, wherein at least one of the at least one charge pump is a partially

resonant charge pump.

The invention of claim 204, wherein at least one of the at least one charge pump is a non-

resonant charge pump.

The invention of claim 204, wherein at least one of the at least one charge pump is an

adiabatic charge pump.
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221.

222,

223,

224,

The invention of claim 204, wherein at least one of the at least one charge pump is a partially

adiabatic charge pump.

The invention of claim 204, wherein at least one of the at least one charge pump is a diabatic

charge pump.

The invention of claim 204, further including an initial charge pump having a first terminal

coupled to the first voltage, and a second terminal providing a fourth voltage different from

the first voltage and to the voltage terminal of the charging circuit as a modified first voltage.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power

(b)

delivery path and receive a first voltage, and a second terminal providing a second

voltage different from the first voltage

a charging circuit having (1) a voltage terminal coupled to the second terminal of the

initial charge pump, (i1) a system voltage terminal, and (ii1) a charging voltage terminal

configured to be coupled to a battery, the charging circuit including:

(1)

(2)

€)

at least one additional charge pump coupled to the charging circuit voltage terminal
and configured to receive the first voltage and provide a second voltage different
from the first voltage, the second voltage being applied to the system voltage
terminal;

at least one converter coupled to the charging circuit voltage terminal and configured
to receive the second voltage and provide a third voltage different from the second
voltage, the third voltage being applied to the system voltage terminal, wherein the
converter includes an adjustable inductance; and

a charging transistor coupled to at least one of the at least one converter and to at
least one of the at least one additional charge pump, the charging transistor
configured to selectively provide the combined third and fourth voltages to the

battery through the charging voltage terminal.

225. The invention of claim 224, where the adjustable inductance is adjusted as a function of an

operational mode of the charging circuit.
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226.

227.

228.

229.

230.

The invention of claim 224, where the adjustable inductance is adjusted as a function of a

modulation of a voltage applied to a terminal of the adjustable inductance.

The invention of claim 224, wherein the adjustable inductance includes at least a first inductor
coupled in series with a second inductor, wherein at least one of the first and second inductors

is bypassable.

The invention of claim 224, wherein the adjustable inductance includes at least a first inductor
coupled in parallel with a second inductor, wherein at least one of the first and second

inductors may be switchably disconnected.

The invention of claim 224, wherein the power delivery path is selectively couplable to either

of a wired power delivery path or a wireless power delivery path.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to a power
delivery path and receive a first voltage, and a second terminal providing a second
voltage different from the first voltage;

(b) a charging circuit having (1) a voltage terminal coupled to the second terminal of the
initial charge pump, (i1) a system voltage terminal, and (ii1) a charging voltage terminal
configured to be coupled to a battery, the charging circuit including:

(1) at least one additional charge pump coupled to the charging circuit voltage terminal
and configured to receive the second voltage and provide a third voltage, different
from the second voltage, to the battery through the charging voltage terminal;

(2) at least one converter coupled to the charging circuit voltage terminal and configured
to receive the second voltage and provide a fourth voltage different from the second
voltage, the fourth voltage being applied to the system voltage terminal, wherein the
converter includes an adjustable inductance; and

(3) a charging transistor coupled to at least one of the at least one converter and to the
charging voltage terminal, the charging transistor configured to selectively provide

the fourth voltage to the battery through the charging voltage terminal.
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231.

232.

233.

234.

235.

236.

237.

The invention of claim 230, wherein the adjustable inductance is adjusted as a function of an

operational mode of the charging circuit.

The invention of claim 230, wherein the adjustable inductance is adjusted as a function of a

modulation of a voltage applied to a terminal of the adjustable inductance.

The invention of claim 230, wherein the adjustable inductance includes at least a first inductor
coupled in series with a second inductor, wherein at least one of the first and second inductors

is bypassable.

The invention of claim 230, wherein the adjustable inductance includes at least a first inductor
coupled in parallel with a second inductor, wherein at least one of the first and second

inductors may be switchably disconnected.

The invention of claim 230, wherein the power delivery path is selectively couplable to either

of a wired power delivery path or a wireless power delivery path.

A battery management system for use with a power converter, including:

(a) an initial charge pump having a first terminal configured to be coupled to either one of a
wired power delivery path or a wireless power delivery path and receive a first voltage
from a selected one of the wired power delivery path or wireless power delivery path,
and a second terminal providing a second voltage different from the first voltage;

(b) a charging circuit including:

(1) a voltage terminal coupled to the second terminal of the initial charge pump;

(2) asystem voltage terminal to provide power to one or more loads;

(3) a charging voltage terminal configured to be coupled to a battery; and

(4) at least one additional charge pump coupled to the charging circuit voltage terminal
and configured to receive the second voltage and provide a third voltage different
from the second voltage, the third voltage being applied to the system voltage
terminal and, directly or indirectly, to the battery through the charging voltage

terminal.

The invention of claim 236, further including a load switch between the initial charge pump

and both of the wired and wireless power delivery paths.
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238.

239.

240.

241.

242,

243.

244,

245.

246.

247.

248.

249.

250.

The invention of claim 236, further including a first load switch between the initial charge
pump and both of the wired and wireless power delivery paths and configured to selectively

enable and/or disable power flow in the forward and/or reverse directions.

The invention of claim 238, wherein the first load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.

The invention of claim 238, further including a second load switch configured to bypass the

initial charge pump.

The invention of claim 240, wherein the second load switch includes two MOSFET switches

connected in series with body diodes pointed in opposite directions.
The invention of claim 236, wherein the initial charge pump is a fully resonant charge pump.

The invention of claim 236, wherein the initial charge pump is a partially resonant charge

pump.
The invention of claim 236, wherein the initial charge pump is a non-resonant charge pump.
The invention of claim 236, wherein the initial charge pump is an adiabatic charge pump.

The invention of claim 236, wherein the initial charge pump is a partially adiabatic charge

pump.
The invention of claim 236, wherein the initial charge pump is a diabatic charge pump.

The invention of claim 236, wherein at least one of the at least one additional charge pump

is a fully resonant charge pump.

The invention of claim 236, wherein at least one of the at least one additional charge pump

is a partially resonant charge pump.

The invention of claim 236, wherein at least one of the at least one additional charge pump

is a non-resonant charge pump.
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251. The invention of claim 236, wherein at least one of the at least one additional charge pump

is an adiabatic charge pump.

252. The invention of claim 236, wherein at least one of the at least one additional charge pump

1s a partially adiabatic charge pump.

253. The invention of claim 236, wherein at least one of the at least one additional charge pump

is a diabatic charge pump.

254. A battery management system for use with a power converter, including:
(a) a charging circuit including:
(1) avoltage terminal;
(2) asystem voltage terminal,
(3) a charging voltage terminal configured to be coupled to a battery; and
(4) at least one at least partially resonant charge pump coupled to the charging circuit
voltage terminal and configured to receive a first voltage and provide a second
voltage different from the first voltage, the second voltage being applied to the
system voltage terminal and, directly or indirectly, to the battery through the
charging voltage terminal; and
(b) a set of switches coupled between a wireless power delivery path and the voltage
terminal of the charging circuit, and between a wired power delivery path and the voltage
terminal of the charging circuit, the set of switches configured to couple a selected one
of the wireless power delivery path or the wired power delivery path to the voltage

terminal of the charging circuit.

255. The invention of claim 254, wherein the at least one at least partially resonant charge pump

is a fully resonant charge pump.

256. A battery management system for use with a power converter, including:
(a) a charging circuit including:
(1) a voltage terminal;
(2) asystem voltage terminal,

(3) a charging voltage terminal configured to be coupled to a battery; and
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257.

258.

259.

260.

(4) at least one at least partially resonant charge pump coupled to the charging circuit
voltage terminal and configured to receive a first voltage and provide a second
voltage different from the first voltage, the second voltage being applied to the
system voltage terminal and, directly or indirectly, to the battery through the
charging voltage terminal;

(b) a first switch configured to be coupled between a wireless power delivery path and the
voltage terminal of the charging circuit; and
(c) asecond switch configured to be coupled between a wired power delivery path and the

voltage terminal of the charging circuit.

The invention of claim 256, wherein the at least one at least partially resonant charge pump

is a fully resonant charge pump.

A battery management system for use with a power converter, including:

(a) a charging circuit having (1) a first terminal configured to receive a first voltage, (i1) a
system voltage terminal, and (ii1) a charging voltage terminal, wherein the charging
circuit:

(1) operates as a charge pump in a non-regulating mode of operation to provide a second
voltage, different from the first voltage, to the system voltage terminal and the
charging voltage terminal; and

(2) asa converter in a regulating mode of operation to provide the second voltage to the
system voltage terminal and the charging voltage terminal, wherein the converter
includes an adjustable inductance; and

(b) a charging transistor coupled to the charging voltage terminal and configured to be
coupled to a battery, the charging transistor configured to provide the second voltage to

the battery.

The invention of claim 258, where the adjustable inductance is adjusted as a function of an

operational mode of the charging circuit.

The invention of claim 258, where the adjustable inductance is adjusted as a function of a

modulation of a voltage applied to a terminal of the adjustable inductance.
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261.

262.

263.

264.

265.

266.

The invention of claim 258, wherein the adjustable inductance includes at least a first inductor
coupled in series with a second inductor, wherein at least one of the first and second inductors

is bypassable.

The invention of claim 258, wherein the adjustable inductance includes at least a first inductor
coupled in parallel with a second inductor, wherein at least one of the first and second

inductors may be switchably disconnected.

The invention of claim 258, further including a bypass switch coupled in parallel with the

charging transistor and configured to selectively bypass the charging transistor.

A battery management system for use with a power converter, including:

(a) a charge pump having a first terminal configured to receive a first voltage, and a second
terminal providing a second voltage different from the first voltage;

(b) a first switch configured to be coupled between a wireless power delivery path and the
first terminal of the charge pump;

(c) asecond switch configured to be coupled between a wired power delivery path and the
first terminal of the charge pump; and

(d) asystem voltage terminal to provide power to one or more loads

The invention of claim 264, wherein at least one of the first switch and second switch is a
load switch configured to selectively enable and/or disable power flow in the forward and/or

reverse directions.

A battery management system for use with a power converter, including:

(a) a charge pump having a first terminal configured to receive a first voltage, and a second
terminal providing a second voltage different from the first voltage;

(b) a set of switches coupled between a wireless power delivery path and the first terminal
of the charge pump, and between a wired power delivery path and the first terminal of
the charge pump, the set of switches configured to couple a selected one of the wireless
power delivery path or the wired power delivery path to the first terminal of the charge
pump; and

(c) asystem voltage terminal to provide power to one or more loads.
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267.

268.

The invention of claim 266, wherein at least one of the set of switches is a load switch
configured to selectively enable and/or disable power flow in the forward and/or reverse

directions.

An apparatus, comprising a battery management system for use with a power converter, the

battery management system comprising:

(a) afront-end arrangement having at least one AC/DC adapter;

(b) a battery charging arrangement to be coupled with the front-end arrangement via one or
more power delivery paths; and

(c) asystem bus arrangement to be coupled to the battery charging arrangement, the system
bus arrangement comprising a system voltage terminal to provide power to one or more
loads;
wherein the front-end arrangement, the battery charging arrangement, and the system bus

arrangement to cooperate to produce a regulated voltage to charge a battery based, at least in

part, on regulating the at least one AC/DC adapter via at least one of the one or more power

delivery paths.
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