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PSEUDO-BYPASS MODE FOR POWER CONVERTERS

RELATED APPLICATION

The present disclosure claims priority to United States Provisional Patent
Application Serial No. 63/236,739 filed August 25, 2021, which is incorporated by

reference herein in its entirety.

FIELD OF DISCLOSURE

The present disclosure relates in general to circuits for electronic devices, including
without limitation personal audio devices such as wireless telephones and media players,
and more specifically, to implementation of a mode of operation of a power converter that
regulates an output voltage generated by the power converter to an input voltage provided

to the power converter.

BACKGROUND

Personal audio devices, including wireless telephones, such as mobile/cellular
telephones, cordless telephones, mp3 players, and other consumer audio devices, are in
widespread use. Such personal audio devices may include circuitry for driving a pair of
headphones or one or more speakers. Such circuitry often includes a speaker driver
including a power amplifier for driving an audio output signal to headphones or speakers.
Oftentimes, a power converter may be used to provide a supply voltage to a power amplifier
in order to amplify a signal driven to speakers, headphones, or other transducers. A
switching power converter is a type of electronic circuit that converts a source of power
from one direct current (DC) voltage level to another DC voltage level. Examples of such
switching DC-DC converters include but are not limited to a boost converter, a buck
converter, a buck-boost converter, an inverting buck-boost converter, and other types of
switching DC-DC converters. Thus, using a power converter, a DC voltage such as that
provided by a battery may be converted to another DC voltage used to power the power
amplifier. A power converter may be used to provide supply voltage rails to one or more
components in a device. A power converter may also be used in other applications besides
driving audio transducers, such as driving haptic actuators or other electrical or electronic

loads.
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An output voltage generated by a boost converter may droop below its set point
under current-limited constraints that may be placed on the boost converter. A system (e.g.,
mobile device) comprising such a boost converter may require the output voltage generated
by the boost converter to not fall below an input voltage to the boost converter which is
referred to herein as “a collapse condition.” Typically, such requirement may be
accomplished by closing a switch between the input voltage and output voltage during
collapse conditions, resulting in a state transition between a regulation mode in which the
boost converter regulates the output voltage and a bypass mode. However, such a state

transition may add design complexity and have other disadvantages.

SUMMARY

In accordance with the teachings of the present disclosure, one or more
disadvantages and problems associated with existing approaches to regulating an output
voltage of a power converter may be reduced or eliminated.

In accordance with embodiments of the present disclosure, a system may include a
boost converter configured to receive an input voltage and boost the input voltage to an
output voltage and control circuitry configured to enforce a maximum current limit to limit
a current drawn by the boost converter and in response to the output voltage decreasing
below the input voltage, dynamically increase the current above the maximum current limit
to cause the output voltage to be approximately equal to the input voltage.

In accordance with these and other embodiments of the present disclosure, a method
may include enforcing a maximum current limit to limit a current drawn by a boost
converter configured to receive an input voltage and boost the input voltage to an output
voltage and in response to the output voltage decreasing below the input voltage,
dynamically increasing the current above the maximum current limit to cause the output
voltage to be approximately equal to the input voltage.

Technical advantages of the present disclosure may be readily apparent to one
skilled in the art from the figures, description and claims included herein. The objects and
advantages of the embodiments will be realized and achieved at least by the elements,

features, and combinations particularly pointed out in the claims.
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It is to be understood that both the foregoing general description and the following
detailed description are examples and explanatory and are not restrictive of the claims set

forth in this disclosure.

BRIEF DESCRIPTION OF THE DRAWINGS

A more complete understanding of the present embodiments and advantages thereof
may be acquired by referring to the following description taken in conjunction with the
accompanying drawings, in which like reference numbers indicate like features, and
wherein:

FIGURE 1 illustrates an example mobile device, in accordance with embodiments
of the present disclosure;

FIGURE 2 illustrates a block diagram of selected components internal to a mobile
device, in accordance with embodiments of the present disclosure;

FIGURE 3A illustrates a block diagram of selected components of an example
boost converter with multiple modes of operation depicting operation in a bypass mode, in
accordance with embodiments of the present disclosure;

FIGURE 3B illustrates a block diagram of selected components of an example boost
converter with multiple modes of operation depicting operation in a boost active mode, in
accordance with embodiments of the present disclosure;

FIGURE 3C illustrates a block diagram of selected components of an example boost
converter with multiple modes of operation depicting operation in a boost inactive mode,
in accordance with embodiments of the present disclosure;

FIGURE 4 illustrates a block diagram of selected components of an example control
circuit for a boost converter, in accordance with embodiments of the present disclosure;

FIGURE 5 depicts an example state machine that may be implemented by portions
of the control circuit for the boost converter, in accordance with embodiments of the present
disclosure; and

FIGURE 6 illustrates a graph depicting increase in a maximum current versus time

in an attack state, in accordance with embodiments of the present disclosure.
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DETAILED DESCRIPTION

FIGURE 1 illustrates an example mobile device 1, in accordance with embodiments
of the present disclosure. FIGURE 1 depicts mobile device 1 coupled to a headset 3 in the
form of a pair of earbud speakers 8A and 8B. Headset 3 depicted in FIGURE 1 is merely
an example, and it is understood that mobile device 1 may be used in connection with a
variety of audio transducers, including without limitation, headphones, earbuds, in-ear
earphones, and external speakers. A plug 4 may provide for connection of headset 3 to an
electrical terminal of mobile device 1. Mobile device 1 may provide a display to a user and
receive user input using a touch screen 2, or alternatively, a standard liquid crystal display
(LCD) may be combined with various buttons, sliders, and/or dials disposed on the face
and/or sides of mobile device 1.

FIGURE 2 illustrates a block diagram of selected components integral to mobile
device 1, in accordance with embodiments of the present disclosure. As shown in FIGURE
2, mobile device 1 may include a boost converter 20 configured to boost a battery voltage
Vpar to generate a supply voltage VsuppLy to a plurality of downstream components 18 of
mobile device 1. Downstream components 18 of mobile device 1 may include any suitable
functional circuits or devices of mobile device 1, including without limitation processors,
audio coder/decoders, amplifiers, display devices, etc. As shown in FIGURE 2, mobile
device 1 may also include a battery charger 16 for recharging battery 22.

In some embodiments of mobile device 1, boost converter 20 and battery charger
16 may comprise the only components of mobile device 1 electrically coupled to battery
22, and boost converter 20 may electrically interface between battery 22 and all
downstream components of mobile device 1. However, in other embodiments of mobile
device 1, some downstream components 18 may electrically couple directly to battery 22.

FIGURE 3A illustrates a block diagram of selected components of an example
boost converter 20 with multiple modes of operation depicting operation in a bypass mode,
in accordance with embodiments of the present disclosure. As shown in FIGURE 3A, boost
converter 20 may include a battery 22, a plurality of inductive boost phases 24, a sense
capacitor 26, a sense resistor 28, a bypass switch 30, and a control circuit 40. As shown in
FIGURE 3A, each inductive boost phase 24 may include a power inductor 32, a charge

switch 34, a rectification switch 36, and output capacitor 38.
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Although FIGURES 3A-3C depict boost converter 20 having three inductive boost
phases 24, embodiments of boost converter 20 may have any suitable number of inductive
boost phases 24. In some embodiments, boost converter 20 may comprise three or more
inductive boost phases 24. In other embodiments, boost converter 20 may comprise fewer
than three phases (e.g., a single phase or two phases).

Boost converter 20 may operate in the bypass mode when supply voltage VsuppLy
generated by boost converter 20 is greater than a threshold minimum voltage Vmiv and a
voltage VDD_SENSE across sense capacitor 26 is greater than supply voltage VsuepLy. In
some embodiments, such threshold minimum voltage Vmmn may be a function of a
monitored current (e.g., a current through sense resistor 28). In some embodiments, such
threshold minimum voltage Vmvin may be varied in accordance with variations in the
monitored current, in order to provide desired headroom from components supplied from
supply voltage VsuppLy. Thus, control circuit 40 may be configured to sense supply voltage
VsuepLy and compare supply voltage VsuppLy to threshold minimum voltage Vi, as well
as sense voltage VDD_SENSE and compare supply voltage VsuprLy to voltage
VDD_SENSE. In the event that supply voltage VsuppLy is greater than threshold minimum
voltage Vmin and VDD_SENSE across sense capacitor 26 is greater than supply voltage
VsuppLy, control circuit 40 may activate (e.g., enable, close, turn on) bypass switch 30 and
one or more rectification switches 36 and deactivate (e.g., disable, open, turn off) charge
switches 34. In such bypass mode, the resistances of rectification switches 36, power
inductors 32, and bypass switch 30 may combine to minimize a total effective resistance of
a path between battery 22 and supply voltage VsupprLy. In some embodiments, bypass
switch 30 may not be present, and the bypass mode may be accomplished by activating one
or more rectification switches 36 and deactivating charge switches 34.

FIGURE 3B illustrates a block diagram of selected components of example boost
converter 20 depicting operation in a boost active mode, in accordance with embodiments
of the present disclosure. In the boost active mode, control circuit 40 may deactivate (e.g.,
disable, open, turn off) bypass switch 30, and periodically commutate charge switches 34
(e.g., during a charging state of an inductive boost phase 24) and rectification switches 36
(e.g., during a transfer state of an inductive boost phase 24) of inductive boost phase 24 (as
described in greater detail below) by generating appropriate control signals P, P1 , P>, P>

, P3, and Pz, to deliver a current IzaT and boost battery voltage Vgar to a higher supply
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voltage VsuppLy in order to provide a programmed (or servoed) desired current (e.g.,
average current) to the electrical node of supply voltage VsuppLy, while maintaining supply
voltage VsuppLy above threshold minimum voltage Vmmv. For example, control circuit 40
may operate in the boost active mode to maintain an inductor current Ir. (e.g., Ir1, 12, I13)
between a peak current and a valley current as described in U.S. Patent Application Serial
No. 17/119,517 filed December 11, 2020 (the “‘517 Application”), and incorporated by
reference herein in its entirety. In the boost active mode, control circuit 40 may operate
boost converter 20 by operating inductive boost phase 24 in a peak and valley detect
operation, as described in greater detail below. The resulting switching frequency of charge
switches 34 and rectification switches 36 of inductive boost phase 24 may be determined
by the sense voltage VDD_SENSE, supply voltage VsuppLy, an inductance of power
inductor 32A, and a programmed ripple parameter (e.g., a configuration of a target current
ripple for an inductor current Ip).

FIGURE 3C illustrates a block diagram of selected components of boost converter
20 depicting operation in a boost inactive mode, in accordance with embodiments of the
present disclosure. Boost converter 20 may operate in the boost inactive mode when supply
voltage VsuppLy generated by boost converter 20 rises above hysteresis voltage Vuyst and
asense voltage VDD_SENSE remains below supply voltage VsuppLy. In the boost inactive
mode, control circuit 40 may deactivate (e.g., disable, open, turn off) bypass switch 30,
charge switches 34, and rectification switches 36. Thus, when sense voltage VDD_SENSE
remains below supply voltage VsuppLy, control circuit 40 prevents boost converter 20 from
entering the bypass mode in order to not backpower battery 22 from supply voltage
VsupeLy. Further, if supply voltage VsuppLy should fall below threshold minimum voltage
VMmN, control circuit 40 may cause boost converter 20 to again enter the boost active mode
in order to maintain supply voltage VsuppLy between threshold minimum voltage Vmm and
hysteresis voltage VuysT.

Accordingly, via operation in the above-described modes, boost converter 20 may
operate to provide hysteretic regulation of supply voltage VsupprLy between threshold
minimum voltage Vmiv and a hysteresis voltage Vuysr.

It is understood that in some embodiments of the present disclosure, bypass switch
30 may be absent from boost converter 20. Accordingly, as described in greater detail

below, in addition to or in lieu of the bypass function provided by bypass switch 30, boost
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converter 20 may be configured to regulate supply voltage VsupprLy at approximately battery
voltage Viat during a voltage collapse condition that may exist at supply voltage VsuppLy
as a result of current limiting of boost converter 20.

As described in U.S. Pat. Application Ser. No. 17/237,373 filed April 22, 2021 (the
“’373 Application™), and incorporated by reference herein, one or more constraints may be
placed on operation of a power converter which may place one or more limits on current
that may be drawn from a battery by a power converter. In some instances, such current
limits as applied to boost converter 20 may lead to a collapse condition, in which supply
voltage VsuppLy falls to battery voltage Vpat, and thus power converter 20 is not able to
regulate supply voltage VsuppLy. As described in the Background section, in traditional
approaches, control circuit 40 may activate bypass switch 30 (and/or one or more of
rectification switches 36) to bypass battery voltage Vpar to supply voltage VsuppLy as a
result of current limiting of boost converter 20. However, in accordance with the present
disclosure, boost converter 20 may be configured to regulate supply voltage VsuppLy
approximately equal to battery voltage Vpar in the event of a collapse condition.

FIGURE 4 illustrates a block diagram of selected components of example control
circuit 40, in accordance with embodiments of the present disclosure. As shown in
FIGURE 4, control circuit 40 may include a comparator 52, collapse controller 54, a
maximum block 56, a current controller 58, a minimum block 60, and a switch controller
62.

Comparator 52 may be configured to compare supply voltage VsuppLy to battery
voltage Vpar, in order to control operation of collapse controller 54. For example, if supply
voltage VsuppLy is greater than battery voltage Vpat, comparator 52 may cause collapse
controller 54 to operate in a release mode in which it decreases a collapse condition current
IcoL. On the other hand, if supply voltage VsuppLy is lesser than battery voltage Vpar,
comparator 52 may cause collapse controller 54 to operate in an attack mode in which it
increases collapse condition current Icor

Maximum block 56 may select the maximum of a protection current IproT and
collapse condition current IcorL to generate a maximum current Imax communicated to
minimum block 60. Protection current Ipror may represent a maximum current that can be
drawn by boost converter 20 in order to satisfy any battery protection constraints and/or

other protection constraints, for example as described in the 373 Application. Thus, in the
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presence of a collapse condition, collapse controller 54 in conjunction with maximum block
56 may temporarily override such protection current IproT in order to regulate supply
voltage VsuppLy.

Current controller 58 may, based on supply voltage VsuppLy, threshold minimum
voltage VM, hysteresis voltage Vuyst, and/or any other suitable parameters, determine a
target current ITarGeT to be drawn by boost converter 20 in order to regulate supply voltage
VsuppLy at a desired voltage level. The determination of such target current based on supply
voltage VsuppLy is beyond the scope of this disclosure, but may be determined in any
suitable manner, including without limitation an approach that determines a target average
current as described in the *517 Application.

Minimum block 60 may select the minimum of target current Itarger and maximum
current Imax and communicate the result to switch controller 62. Based on the current value
received, switch controller 62 may generate appropriate control signals P1, P1, P>, P>, P3,
and P3 to commutate switches 34 and 36 of boost converter 20 in order to draw such target
current ITARGET.

In operation, functionality of collapse controller 54 may be integrated with
maximum block 56 to implement a state machine in order to generate maximum current
Imax. As noted above, maximum current Imax may be based on protection current IproT
for satisfying battery protection constraints and the output of comparator 52. When not in
a collapse condition, maximum current Imax may equal protection current Ipror. On the
other hand, when in a collapse condition, maximum current Imax may exceed protection
current Ipror.

FIGURE 5 depicts an example state machine 70 that may be implemented by
collapse controller 54 and maximum block 56, in accordance with embodiments of the
present disclosure. As shown in FIGURE 3, state machine 70 may include four states: an
idle state 72, an attack state 74, a release state 76, and a slow release state 78. Slow release
state 78 is shown in dashed lines as such state may not be present in some embodiments of
state machine 70.

In idle state 72, maximum current Imax may equal protection current Ipror. From
idle state 72, state machine 70 may transition to attack state 74 in response to battery voltage

Vear exceeding supply voltage VsuepLy and supply voltage VsuppLy falling below a
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minimum acceptable regulation voltage Vyv (which may be equal to or below threshold
minimum voltage Vmiv described above).

Collapse controller 54 may cause maximum current Imax to continually increase
while in attack state 74. From attack state 74, state machine 70 may transition back to idle
state 72 in response to maximum current Imax falling below protection current Ipror and
battery voltage Vrar falling below supply voltage Vsuppry. In addition, from attack state
74, state machine 70 may transition to release state 76 in response to supply voltage VsuppLy
exceeding battery voltage Vpar and supply voltage VsuppLy remaining below minimum
acceptable regulation voltage Vyv. Further, from attack state 74, state machine 70 may
transition to slow release state 78 in response to supply voltage VsuppLy exceeding
minimum acceptable regulation voltage Vuyy.

Collapse controller 54 may cause maximum current Imax to continually decrease
while in release state 76. From release state 76, state machine 70 may transition back to
idle state 72 in response to maximum current Imax falling below protection current IproT.
In addition, from release state 76, state machine 70 may transition back to attack state 74
in response to battery voltage Vpar exceeding supply voltage VsuppLy and supply voltage
VsuppLy remaining below minimum acceptable regulation voltage Vyy. Further, from
release state 76, state machine 70 may transition to slow release state 78 in response to
battery voltage Vpat exceeding supply voltage VsuppLy and supply voltage VsuppLy rising
above minimum acceptable regulation voltage Vuy.

Slow release state 78 may only be present in embodiments in which boost converter
20 has a dedicated bypass switch 30 which may be activated when supply voltage VsuppLy
equals battery voltage Vpar and supply voltage VsuppLy is above minimum acceptable
regulation voltage Vuyy. If collapse controller 54 is engaged (e.g., Imax > IproT) and supply
voltage VsuppLy is above minimum acceptable regulation voltage Vuyy, the control loop
implemented by collapse controller 54 may be required to gracefully avoid adverse
interaction with bypass switch 30. Such adverse interaction may be achieved by maximum
current Imax continually decreasing while in slow release state 78, but at a rate which may
be slower than the decrease in maximum current Imax occurring in release state 76.

In slow release state 78, collapse controller 54 may decrease maximum current Imax

at a programmable rate slower than the rate of decrease in release state 76, which may
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reduce chattering of supply voltage VsuppLy near the boundary of minimum acceptable
regulation voltage Vuv.

From slow release state 78, state machine 70 may transition back to idle state 72 in
response to maximum current Imax falling below protection current Iprot. In addition, from
slow release state 78, state machine 70 may transition back to attack state 74 in response to
battery voltage Vpat exceeding supply voltage VsuppLy and supply voltage VsupprLy falling
below minimum acceptable regulation voltage Vyy. Further, from slow release state 78,
state machine 70 may transition to release state 76 in response to supply voltage VsuppLy
exceeding battery voltage Vgar and supply voltage Vsuppry falling below minimum
acceptable regulation voltage Vuv.

Notably, minimum acceptable regulation voltage Vyv may only be relevant in state
machine 70 in embodiments in which dedicated bypass switch 30 is present. Accordingly,
in embodiments in which dedicated bypass switch 30 is absent and state machine 70 does
not include slow release state 78, the comparisons to minimum acceptable regulation
voltage Vuyy shown in FIGURE 5 may be ignored.

When entering attack state 74, collapse controller 54 may continually increase
maximum current Imax during the duration of time that state machine 70 remains in attack
state 74. In some embodiments, as shown in FIGURE 6, such increase of maximum current
Imax may include a programmable linear term (e.g., linearly increasing with time), a
programmable quadratic term (e.g., exponentially increasing with time), and a
programmable time delay after the beginning of attack state 74 at which the quadratic term
is added to the linear term to generate a composite curve for maximum current Inax. Such
composite ramp may allow steady state stability via the linear term and fast tracking of
supply voltage VsuppLy versus battery voltage Vpar via the quadratic term. Collapse
controller 54 may generate a similar composite curve of decreasing maximum current Imax
during release state 76 and slow release state 78.

In addition to the example waveforms described above, other waveforms that are
dependent on time, current, and/or voltage may be used.

As used herein, when two or more elements are referred to as “coupled” to one
another, such term indicates that such two or more elements are in electronic
communication or mechanical communication, as applicable, whether connected indirectly

or directly, with or without intervening elements.
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This disclosure encompasses all changes, substitutions, variations, alterations, and
modifications to the example embodiments herein that a person having ordinary skill in the
art would comprehend. Similarly, where appropriate, the appended claims encompass all
changes, substitutions, variations, alterations, and modifications to the example
embodiments herein that a person having ordinary skill in the art would comprehend.
Moreover, reference in the appended claims to an apparatus or system or a component of
an apparatus or system being adapted to, arranged to, capable of, configured to, enabled to,
operable to, or operative to perform a particular function encompasses that apparatus,
system, or component, whether or not it or that particular function is activated, turned on,
or unlocked, as long as that apparatus, system, or component is so adapted, arranged,
capable, configured, enabled, operable, or operative. Accordingly, modifications,
additions, or omissions may be made to the systems, apparatuses, and methods described
herein without departing from the scope of the disclosure. For example, the components of
the systems and apparatuses may be integrated or separated. Moreover, the operations of
the systems and apparatuses disclosed herein may be performed by more, fewer, or other
components and the methods described may include more, fewer, or other steps.
Additionally, steps may be performed in any suitable order. As used in this document,
“each” refers to each member of a set or each member of a subset of a set.

Although exemplary embodiments are illustrated in the figures and described
below, the principles of the present disclosure may be implemented using any number of
techniques, whether currently known or not. The present disclosure should in no way be
limited to the exemplary implementations and techniques illustrated in the drawings and
described above.

Unless otherwise specifically noted, articles depicted in the drawings are not
necessarily drawn to scale.

All examples and conditional language recited herein are intended for pedagogical
objects to aid the reader in understanding the disclosure and the concepts contributed by
the inventor to furthering the art, and are construed as being without limitation to such
specifically recited examples and conditions. Although embodiments of the present
disclosure have been described in detail, it should be understood that various changes,
substitutions, and alterations could be made hereto without departing from the spirit and

scope of the disclosure.
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Although specific advantages have been enumerated above, various embodiments
may include some, none, or all of the enumerated advantages. Additionally, other technical
advantages may become readily apparent to one of ordinary skill in the art after review of
the foregoing figures and description.

To aid the Patent Office and any readers of any patent issued on this application in
interpreting the claims appended hereto, applicants wish to note that they do not intend any
of the appended claims or claim elements to invoke 35 U.S.C. § 112(f) unless the words

“means for” or “step for” are explicitly used in the particular claim.
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WHAT IS CLAIMED IS:

1. A system comprising:
a boost converter configured to receive an input voltage and boost the input voltage
to an output voltage; and

control circuitry configured to:

enforce a maximum current limit to limit a current drawn by the boost
converter; and

in response to the output voltage decreasing below the input voltage,
dynamically increase the current above the maximum current limit to cause the

output voltage to be approximately equal to the input voltage.

2. The system of Claim 1, wherein the maximum current limit is based on a
determination of a maximum current level that ensures protection of components of the

boost converter or components electrically coupled to the boost converter.

3. The system of Claim 1 or 2, wherein the control circuitry implements a
feedback loop that controls the current to regulate the output voltage based on the output

voltage and the input voltage.

4. The system of any of Claims 1-3, wherein the control circuitry is further
configured to:

continuously increase the current when the output voltage is less than the input
voltage and the current is greater than the maximum current limit; and

continuously decrease the current when the output voltage is greater than the input

voltage and the current is greater than the maximum current limit.
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5. The system of Claim 4, wherein:

when the output voltage is less than the input voltage and the current is greater than
the maximum current limit, a rate of increase of the current is nonlinear; and

when the output voltage is greater than the input voltage and the current is greater

than the maximum current limit, a rate of decrease of the current is nonlinear.

6. The system of Claim 5, wherein:

the rate of increase is a function of an amount of time since the control circuitry
entered an attack state in which the output voltage is less than the input voltage and the
current is greater than the maximum current limit; and

the rate of decrease is a function of an amount of time since the control circuitry
entered a release state in which the output voltage is greater than the input voltage and the

current is greater than the maximum current limit.

7. The system of any of Claims 4-6, wherein the control circuitry is further
configured to continuously increase the current when the output voltage is greater than the

input voltage and the output voltage is less than a threshold voltage.

8. The system of any of Claims 4-7, wherein the control circuitry is further
configured to continuously decrease the current when the output voltage is greater than the
threshold voltage and the current is greater than the maximum current limit, wherein a
second rate of decrease occurring when the output voltage is greater than the threshold
voltage and the current is greater than the maximum current limit is different than the rate
of decrease when the output voltage is greater than the input voltage and the current is lesser

than the maximum current limit.

9. The system of Claim 8, further wherein a second rate of decrease occurring
when the output voltage is greater than the threshold voltage and the current is greater than
the maximum current limit is less than the rate of decrease when the output voltage is

greater than the input voltage and the current is lesser than the maximum current limit.
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10. A method comprising:

enforcing a maximum current limit to limit a current drawn by a boost converter
configured to receive an input voltage and boost the input voltage to an output voltage; and

in response to the output voltage decreasing below the input voltage, dynamically
increasing the current above the maximum current limit to cause the output voltage to be

approximately equal to the input voltage.

11. The method of Claim 10, wherein the maximum current limit is based on a
determination of a maximum current level that ensures protection of components of the

boost converter or components electrically coupled to the boost converter.

12. The method of Claim 10 or 11, further comprising implementing a feedback
loop that controls the current to regulate the output voltage based on the output voltage and

the input voltage.

13. The method of any of Claims 10-12, further comprising:

continuously increasing the current when the output voltage is less than the input
voltage and the current is greater than the maximum current limit; and

continuously decreasing the current when the output voltage is greater than the input

voltage and the current is greater than the maximum current limit.

14. The method of Claim 13, wherein:

when the output voltage is less than the input voltage and the current is greater than
the maximum current limit, a rate of increase of the current is nonlinear; and

when the output voltage is greater than the input voltage and the current is greater

than the maximum current limit, a rate of decrease of the current is nonlinear.
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15. The method of Claim 14, wherein:

the rate of increase is a function of an amount of time since the control circuitry
entered an attack state in which the output voltage is less than the input voltage and the
current is greater than the maximum current limit; and

the rate of decrease is a function of an amount of time since the control circuitry
entered a release state in which the output voltage is greater than the input voltage and the

current is greater than the maximum current limit.

16. The method of any of Claims 13-15, further comprising continuously
increasing the current when the output voltage is greater than the input voltage and the

output voltage is less than a threshold voltage.

17. The method of any of Claims 13-16, further comprising continuously
decreasing the current when the output voltage is greater than the threshold voltage and the
current is greater than the maximum current limit, wherein a second rate of decrease
occurring when the output voltage is greater than the threshold voltage and the current is
greater than the maximum current limit is different than the rate of decrease when the output
voltage is greater than the input voltage and the current is lesser than the maximum current

limit.

18. The method of Claim 17, further wherein a second rate of decrease occurring
when the output voltage is greater than the threshold voltage and the current is greater than
the maximum current limit is less than the rate of decrease when the output voltage is

greater than the input voltage and the current is lesser than the maximum current limit.
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