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POWER MANAGEMENT WITH OVER
VOLTAGE PROTECTION

Matter enclosed in heavy brackets [ ]| appears in the
original patent but forms no part of this reissue specifica-
tion; matter printed in italics indicates the additions
made by reissue; a claim printed with strikethrough
indicates that the claim was canceled, disclaimed, or held
invalid by a prior post-patent action or proceeding.

CLAIM OF PRIORITY

This application claims the benefit of priority under 335
U.S.C. § 119(e) of Gregory A. Maher et al. U.S. Provisional

Patent Application Ser. No. 61/393,795, entitled “POWER
MANAGEMENT WITH OVER VOLTAGE PROTEC-
TION,” filed on Oct. 15, 2010, which i1s incorporated by

reference herein 1n its entirety.

BACKGROUND

Many portable devices require external ports to provide
various functions. Increasing size pressures (e.g., decreasing,
the overall sizes of the portable devices) are forcing external
ports to accommodate an increasing number of functions.
For example, chips or circuits that interface with these ports
can be required to, among other things, manage or provide
charging of the portable device, data communication, mul-
timedia interface, factory test capabilities, etc.

In addition to added functionality, these chips or circuits
can be required to manage over-voltage conditions (e.g.,
where two external sources may short to generate high
voltages, such as upwards of 28 volts, etc.) as well as
no-battery conditions (e.g., conditions where there i1s no-
battery present in the device, such as during factory testing).

Overview

This document discusses, among other things, systems
and methods to provide an internal supply rail with over
voltage protection using a host power source, an external
power source, and a switch configured to receive indications
of host and external power source validity. In an example,
the switch can be configured to provide the internal supply
rail using the host power source when the indication of host
power source validity indicates a valid host power source
and the external power source when the indication of host
power source validity indicates an invalid host power source
and the indication of external power source validity indi-
cates a valid external power source.

This section 1s intended to provide an overview of subject
matter of the present patent application. It 1s not intended to
provide an exclusive or exhaustive explanation of the inven-
tion. The detailed description 1s included to provide further
information about the present patent application.

BRIEF DESCRIPTION OF THE DRAWINGS

In the drawings, which are not necessarily drawn to scale,
like numerals may describe similar components in different
views. Like numerals having different letter suflixes may
represent different instances of similar components. The
drawings illustrate generally, by way of example, but not by
way of limitation, various embodiments discussed in the
present document.
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FIGS. 1-3 illustrate generally example power manage-
ment circuits.

FIG. 4 1llustrates generally an example method including
selecting either an external power source (V..-) or a host
power source (V.. as a source for an internal supply rail
(Vsvppry)-

FIG. 5 illustrates generally example transitions between a
host power source (V. o), an external power source
(V -+-), and an over voltage protection (OVP) condition for
inner and outer power sequences.

FIGS. 6-7 illustrate generally example power sequences
illustrating waveforms for the mner and outer power
sequences 1llustrated 1n the example of FIG. 5.

DETAILED DESCRIPTION

The present inventor has recognized, among other things,
a circuit configured to provide an internal supply rail that
switches between power from a host power source and
power from an external power source. In an example, the
quality of the external source (e.g., stability, voltage level,
etc.) can be checked before switching the internal supply rail
from the host power source to the external source, 1n certain
examples, eliminating the possibility of triggering internal
reset circuitry or exposing the internal circuitry to high
voltages. Further, 1n an example, the circuit can enable a
chip to operate during over-voltage conditions or dead or
no-battery conditions at the same time, or separately, and, in
certain examples, can detect multiple standards and loca-
tions of electrostatic discharge (ESD) diodes or other
devices 1n a single, reusable block.

In an example, the host power source (e.g., a battery) can
be configured as the default power supply regardless of
whether the host power source has a higher voltage than the
external source (e.g., a USB bus voltage). In certain
examples, the host power source can be preferred as long as
the voltage of the host power source exceeds a threshold
(e.g., 3.1V, etc.). In an example, when the host power source
1s mvalid (e.g., below the threshold, when the battery 1is
absent, etc.), and an external source has been received and
1s valid, the mternal supply rail can be established using the
external source. However, to protect internal circuitry from
over voltage conditions, the external power source can be
monitored for an over voltage condition, and the external
power source can be clamped if the over voltage condition
exists, or at startup or detection of the eternal power source
to ensure that an over voltage condition does not exist.

FIG. 1 illustrates generally an example power manage-
ment circuit 100, such as for an electronic device, the power
management circuit 100 including a switch 105 and an over
voltage protection circuit 110. In an example, the over
voltage protection circuit 110 can be configured to receive a
voltage from an external power source (V.. (€.g., voltage
from a universal serial bus (USB) or other bus or external
voltage source, etc.) and to provide a regulated voltage
(Vo) (e.g2.,a3.3V regulated voltage, etc.). The switch 105
can be configured to receive power from multiple sources,
for example, including the regulated voltage (V,r-) or
voltage from a host power source (V .7 (€.2., a battery or
other internal or host power source, etc.), etc., and can be
configured to provide an internal supply rail (Ve ppr )
using the received power.

In an example, the switch 105 can be configured to
receive 1ndications of host power source and external power
source validity, V 5er perand Voo ~zr respectively, and
in certain examples, can provide the internal supply rail

(Vsuppry) USING:
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(1) voltage front the host power source (V ;) when the
indication of host power source validity (V. or »zr) 10di-
cates a valid host power source (e.g., when V,,5cr rrqp 18
high, etc.); and B

(2) voltage from the external power source (V..r)(€.g.,
the regulated voltage (V,.), etc.) when the indication of
host power source validity (V sz, ) Indicates an invalid
host power source (e.g., when Vo ner 15 low, etc.) and
the indication of external power source validity (V.. ,7)
indicates a valid external power source (when V.., pp 1S
high, etc.). E

FIG. 2 illustrates generally an example power manage-
ment circuit 200 including an over voltage protection circuit
110, an external power source detection circuit 130, and a
host power source detection circuit 135, In an example, the
over voltage protection circuit 110 can include a clamp
circuit 111 (e.g., a 4V clamp circuit, etc.), a voltage regulator
120 configured to provide a regulated voltage (V,.5) (e.g.,
3.3V, etc.), a bandgap reference circuit 121 configured to
provide a bandgap voltage reference (V) (€.g., 1.2V, etc.),
an over voltage detection circuit 125, and a voltage clamp
switch 112 (e.g. a transistor, such as a MOSFET, etc.).

In an example, the over voltage detection circuit 125 can
be configured to receive the voltage from the external power
source (V ..--) and the internal supply rail (V. »5;y) and can
provide an indication of an over voltage condition (,;»-

~e7), 10or example, 1f the voltage from the external power

source (V ,..) exceeds the internal supply rail (V¢ »5; ) by
a threshold. In an example, the threshold can be set using a
voltage divider, and the over voltage detection circuit 125
can include a comparator.

In an example, the voltage clamp switch 112 can be
controlled using a voltage clamp control circuit 115. The
over voltage clamp control circuit 115 can be configured to
receive an 1ndication of a detected over voltage condition
(o1p ner) Or external power source validity (Vv »z7), and
can selectively open or close the voltage clamp switch 112
using the received indications.

In an example, the clamp circuit 111 can be configured to
clamp the voltage trom the external power source (V .,.) at
a specified amount (e.g., 4V, etc.) to protect one or more
other components of the electronic device. Further, in certain
examples, the clamp circuit 111 can be configured to clamp
the voltage from the external power source (V..-) for a
specified time period when the indication of the external
power source validity (Viovr pzr) 1s first receirved, for
example, to ensure that no over voltage condition exists.

In an example, the external power source detection circuit
130 can be configured to validate the voltage from the
external power source (V) and to provide the indication
of external power source validity (V o+ =), Tor example,
by comparing the voltage from the external power source
(V -+r) Or a representation of the voltage from the external
power source (V.. (e.g., using a voltage divider, etc.) to
a reference, such as V5, etc. In other examples, to be valid,
V ..~ must remain above the reference tfor a specified period
of time (e.g., 16 Jus] us, etc.).

In an example, the host power source detection circuit 135
can be configured to validate the voltage from the host
power source (V<) and to provide the indication of host
power source validity (V. or nzr), 11 certain examples,
similar to that described above for the external power source
detection circuit 130.

FIG. 3 illustrates generally an example power manage-
ment circuit 300 including a clamp circuit 111, a voltage
clamp switch 112, voltage clamp control circuitry, a voltage
regulator 120, a bandgap reference circuit 121, an over
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voltage detection circuit 125, an external power source
detection circuit 130, and a host power source detection
circuit 135.

In an example, the voltage clamp control circuitry can
include an oscillator 116, a counter 117, and a charge pump
118 (e.g., a doubling charge pump). In an example, the
oscillator 116 can be configured to receive a regulated
voltage (V,~) (€.g., here, 3.3V, or V3P3) and an 1ndication
of external power source validity (Vo pz7). In an
example, when the indication of external power source
validity (V .+ ) Indicates a valid external power source
(V ..+7), the oscillator 116 can be enabled, the counter 117
can begin counting for a specified time period, and the
charge pump 118 can ramp up. In an example, the charge
pump 118 can control the voltage clamp switch 112 and
determine when the clamp circuit 111 will be shorted.

In another example, the counter 117 can be configured to
receive an indication of an over voltage condition (51» pz7),
and, if the over voltage condition exists, the charge pump
118 can be configured to open the voltage clamp switch 112,
clamping the external power source to protect from the over
voltage condition. In an example, the voltage from external
power source (V.. can be clamped even 1f the voltage
from the host power source (V <) 1s being used to provide
the mner supply rail (Ve ppr5).

In an example, the over voltage detection circuit 125, the
external power source detection circuit 130, and the host
power source detection circuit 135 can include comparators
configured to compare specified voltages to diflerent refer-
ences to detect valid voltage sources or an over voltage
condition. In an example, a bandgap detection circuit 131
can be configured to enable the external power source
detection circuit 130 when a valid bandgap voltage reference
(V) 15 detected.

In other examples, the power management circuit 300 can
include a power select switch (e.g., a 2-to-1 switch), a digital
core (e.g., driven by an internal supply), and one or more
analog reference circuits (e.g., driven by the internal supply)
or voltage dividers (e.g., to provide various reference volt-
ages).

In an example, the voltage from the host power source
(V,,0er) can be the detfault power supply. As the voltage
from the external power source (V .-) ramps from ground,
the clamp circuit 111 and one or more of the regulators can
be enabled, and a regulated voltage (V) can be provided.
In certain examples, the clamp circuit 111 and the one or
more regulators can be autonomous.

In an example, the bandgap reference circuit 121 can be
enabled by the ramp of the regulated voltage supply. When
the bandgap voltage (V) 1s determined to be “good”, or
valid, one or more of the comparators can be enabled to
detect that the voltage of the external power source (V)
1s high enough for operation (e.g., above 3.1V, etc.). In other
examples, one or more other checks can be made, such that
the voltage of the external power source (V ) 1s stable, eftc.
When the voltage of the external power source (V) 18
determined to be valid, the voltage of the host power source
(Voer) can be detected, for example, following one or
more clock cycles (e.g., a predetermined number of clock
cycles, a programmable number of clock cycles, etc.), such
as determined by the oscillator 116.

In an example, 1f the voltage of the host power source
(V.,6s7) 18 detected and valid, then the internal supply rail
(V<rppry) Can be powered by the voltage of the host power
source (V5er). 1T the voltage of the host power source
(V 7 0<7) 18 not detected or 1s invalid, then the internal supply
raill (V¢ 5757 Ccan be powered by the regulated voltage
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(Vors). In certain examples, the clamp circuit 111 1s a
temporary power supply and 1s not imtended to provide
enough power for full functionality. In an example, the
clamp circuit 111 can be shorted, for example, using the
switch 112, providing power directly from the external
voltage source.

In either case, the power management circuit 300 can wait
for a signal (e.g., a logic signal, such as an enable over
voltage protection (OVP) detection signal) before determin-
ing that the internal circuitry has enough voltage to function.
In an example, the signal can be provided from the digital
core (e.g., supplied by the internal supply and based ofl of
an external power source (V) valid signal).

In an example, once the external power source (V)
valid signal 1s received, the over voltage protection circuit
110 can actively monitor for an over-voltage condition. If
the condition does not exist, the clamp circuit 111 can be
shorted out and the internal circuitry may operate with full
functionality.

In other examples, the external power source (V ., can
be the default power supply, or the system 300 can be
configured to provide a programmable default power supply
as etther the external power source (V .,--) or the host power
source (V zoor).

FIG. 4 illustrates generally an example method 400
including selecting either an external power source (V)
or a host power source (V ,<r) as a source for an internal
supply rail (V, ;). In the example of FIG. 4, the external
power source (V+-) can include a bus voltage (V5. <), the
regulated voltage (Vy--) can include a 3.3V regulated
voltage (V3P3), and the host power source (V. ,.r) Can
include a battery source (V).

At401, V4, can ramp from ground, and at 402, V5, can
be clamped and a voltage regulator can be enabled. At 403,
bandgap validity 1s determined. If the bandgap 1s invalid,
process can return to 403. If the bandgap 1s valid, then, at
404, V ., . detection 1s enabled to determine external power
source validity. At 405, 1f V. 1s valid for a set period of
time (e.g., 16 Jus] us, etc.), then, at 406, battery source
validity is [determined] erabled.

At407,V, ~validity 1s determined. IT V 5 ,~1s valid, then,
at 408, the internal supply rail (Ve ppry) 1S powered by
Ve ,rand Vg, 15 clamped. If VBAT 1s imnvalid, then, at 415,
the internal supply rail (V¢ »575) can be powered by V5, -,
and the clamp can be applied.

At 409, 11 V., 1s valid for a time period (e.g., approxi-
mately 1 ms, etc.), then, at 410, over voltage detection 1s
cnabled. At 409,11V 4, . 1s not valid for the time period (e.g.,
approximately 1 ms, etc.), process tlow returns to 408, the
internal supply rail (V ;-7 ) can remain powered by V.,
and V5, can remain clamped.

At 411, 11 an over voltage protection condition 1s detected
within a selected time period (e.g., 16 Jus] wus), then process
flow can return to 408, the internal supply rail (V¢ 57 ) Can
remain powered by V ,~ and Vz,,- can remain clamped. At
411, 11 the over voltage condition was not detected within the
selected time period (e.g., 16 [us] us), then, at 412, the
internal supply rail (V ¢, -7 ) can remain powered by V-,
and the V,,,. clamp can be removed or shorted.

At 413, an over voltage protection condition on Vg, . 1s
detected. If an over voltage protection condition 1s detected,
process tlow can return to 408 and a clamp 1s applied. If an
over voltage condition 1s not detected, the clamp can remain
shorted, and the over voltage protection condition on V.
can continue to be monitored.
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[At 414, if V- does not remain valid, then, at 419, the
internal supply rail (V,,»»;y) can be powered by V., ., and

the clamp can be shorted.]

At 414, V- validity 1s determined. If V- 1s valid,
process flow can return to 412, the internal supply rail
(Vermppry) 18 powered by V. . and the clamp can remain
shorted. If V. ,..1s invalid, then, at 419, the internal supply
rail (V¢ »p7 ) can be powered by V., and the clamp can
remain shorted.

At 415, the internal supply rail (V <, »-;y) can be powered
by V5, and the clamp can be applied. At 416, 1f V,, < 15
valid for a selected time period (e.g., 1 ms, etc.), then, at 417,
overvoltage detection 1s enabled. At 416, 11V 5, 1s not valid
for the selected time period (e.g., 1 ms, etc.), then process
flow can return to 413.

At 418, if an overvoltage protection condition 1s not
detected within a selected time period (e.g., 16 Jus] ws), then,
at 419, the internal supply rail (V557 ) can be powered by
V.. and the clamp can be shorted. At 418, 1t an over
voltage protection condition 1s detected within the selected
time period (e.g., 16 [us] ws), then process flow can return to
415.

At 420, an over voltage protection condition on V5, 18
detected. If an over voltage protection condition 1s detected,
process flow can return to 415 and a clamp 1s applied. If an
over voltage condition 1s not detected, the clamp can remain
shorted, and the over voltage protection condition on Vg, o
can continue to be monitored.

In other examples, one or more other process steps can be
used. In an example, 11 V5,15 valid, the internal supply rail
(Vsoppry) can be powered by Vg, 7.

FIG. 5 illustrates generally an example state diagram 3500
illustrating transitions between a host power source (Vz ),
an external power source (Vg,,..), and an over voltage
protection (OVP) condition for mner and outer power
sequences, 301, 502. For example, “0/0/0” refers to V5 , =0/
V2, =0/0VP=0, “0/1/0” refers to V5 ,.=0/V 5., ~1/OVP=0,
etc.

FIG. 6 illustrates generally an example power sequence
600 illustrating wavelorms for the inner power sequence 501
illustrated 1n the example of FIG. 5, including a host power
source (V) wavelorm 601, an external power source
(Vsrs) wavetorm 602, an internal supply rail (ppzp o)
603, an 1indication of host power source validity (V5 ,+ ner)
604, an indication of external power source validity
(Viere ner) 605, and an indication of an over voltage
condition (,,» ,z7) 606.

FIG. 7 illustrates generally an example power sequence
700 1llustrating wavetorms for the outer power sequence 502
illustrated 1n the example of FIG. 5, including a host power
source (Vz,-) waveform 701, an external power source
(Vo) wavetorm 702, an internal supply rail (5,0, /a7
703, an indication of host power source validity (V5 ,, rzr)
704, an indication of external power source validity
(Vzus,,) 705, and an indication of an over voltage condition

(ovrps) 706,

ADDITIONAL, NOTES AND EXAMPLES

In an example, one or more of the circuits described
herein can be utilized on [MUS] products with charger
FETs, on one or more other devices optionally receiving one
or more of a host power source (V.7 Or an external power
source (V..-), or on products using a charging accessory
port, such as a USB port.

In Example 1, a power management circuit includes a
switch configured to receive a host power source (e.g., a




US RE47,610 E

7

battery voltage, etc.), an external power source (e.g., an
external bus voltage, such as a USB voltage, etc.), an
indication of host power source validity, and an indication of
external power source validity, wherein the switch 1s con-
figured to provide an internal supply rail using:

(1) the host power source when the indication of host
power source validity indicates a valid host power source;
and

(2) the external power source when the indication of host
power source validity indicates an invalid host power source
and the indication of external power source validity indi-
cates a valid external power source.

In an example, the power management circuit optionally
includes an over voltage protection circuit, including an over
voltage detection circuit configured to detect an over voltage
condition on the external power source and a clamp circuit
configured to clamp the external power source when the
over voltage detection circuit detects the over voltage con-
dition on the external power source.

In Example 2, Example 1 optionally includes a host power
source detection circuit configured to validate the host
power source and to provide the indication of host power
source validity and an external power source detection
circuit configured to validate the external power source and
to provide the indication of external power source validity.

In Example 3, the clamp circuit of any one or more of
Examples 1-2 optionally includes a clamp switch configured
to selectively short the clamp circuit [for] affer an initial
time period when the indication of external power source
validity indicates a valid external power source.

In Example 4, any one or more of Examples 1-3 option-
ally includes a bandgap reference circuit configured to
provide a bandgap voltage reference, wherein the host power
source detection circuit of any one or more of Examples 1-3
optionally includes a comparator configured to validate the
host power source using the value of the host power source
and the bandgap voltage reference, and wherein the external
power source detection circuit of any one or more of
Examples 1-3 optionally includes a comparator configured
to validate the external power source using the value of the
external power source and the bandgap voltage reference.

In Example 5, any one or more of Examples 1-4 option-
ally includes a voltage regulator configured to provide a
regulated external power source, wherein the switch any one
or more of Examples 1-4 1s optionally configured to provide
the internal supply rail using the regulated external power
source when the indication of host power source validity
indicates an invalid host power source and the indication of
external power source validity indicates a valid external
power source.

In Example 6, the switch of any one or more of Examples
1-5 optionally includes a first input configured to receive the
host power source, a second 1mput configured to receive the
external power source, a first control mput configured to
receive the indication of the host power source validity, a
second control input configured to receive the indication of
the external power source validity, and an output configured
to provide an internal supply rail.

In Example 7, the clamp circuit any one or more of
Examples 1-6 optionally includes a clamp switch configured
to selectively short the clamp circuit when the over voltage
detection circuit does not detect the over voltage condition
on the external power source.

In Example 8, the clamp switch of any one or more of
Examples 1-7 optionally includes a transistor, wherein the
clamp circuit of any one or more of Examples 1-7 optionally
includes a clamp control circuit including an oscillator, a
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counter, and a charge pump, and wherein the clamp control
circuit 1s configured to recerve an indication of a detected
over voltage condition and to control the clamp switch using
the indication of over voltage detection circuit detects the
over voltage condition on the external power source.

In Example 9, a power management method includes
receiving indications ol host and external power source
validities, providing an internal supply rail using a host
power source when the indication of host power source
validity indicates a valid host power source, providing an
internal supply rail using an external power source when the
indication of host power source validity indicates an invalid
host power source and the indication of external power
source validity indicates a valid external power source,
detecting an over voltage condition on the external power
source, and clamping the external power source using a
clamp circuit when the over voltage condition 1s detected on
the external power source.

In Example 10, any one or more of Examples 1-9 option-
ally includes validating the host power source and providing
the 1indication of host power source validity and validating
the external power source and providing the indication of
external power source validity.

In Example 11, any one or more of Examples 1-10
optionally includes selectively shorting the clamp circuit
[for] afier an initial time period when the indication of
external power source validity indicates a valid external
power source.

In Example 12, any one or more of Examples 1-11
optionally includes providing a bandgap voltage reference,
validating the host power source using the value of the host
power source and the bandgap voltage reference, and vali-
dating the external power source using the value of the
external power source and the bandgap voltage reference.

In Example 13, any one or more of Examples 1-12
optionally includes providing a regulated external power
source, wherein the providing the internal supply rail of any
one or more of Examples 1-12 optionally includes using the
regulated external power source when the imndication of host
power source validity indicates an invalid host power source
and the indication of external power source validity indi-
cates a valid external power source.

In Example 14, any one or more of Examples 1-13
optionally includes selectively shorting a clamp circuit when
the over voltage detection circuit does not detect an over
voltage condition on the external power source.

In Example 15, any one or more of Examples 1-14
optionally includes receiving an indication of a detected
over voltage condition on the external power source and
controlling the clamp circuit using the indication of over
voltage detection detects the over voltage condition on the
external power source.

In Example 16, a power management system includes an
clectronic device, including a host power source and a
umversal serial bus (USB) port, the USB port configured to
receive an external power source, a switch configured to
receive the host power source, the external power source, an
indication of host power source validity, and an indication of
external power source validity, wherein the switch 1s con-
figured to provide an internal supply rail using (1) the host
power source when the indication of host power source
validity indicates a valid host power source, and (2) the
external power source when the indication of host power
source validity indicates an invalid host power source and
the indication of external power source validity indicates a
valid external power source, an over voltage protection
circuit, including an over voltage detection circuit config-
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ured to detect an over voltage condition on the external
power source, and a clamp circuit configured to clamp the
external power source when the over voltage detection
circuit detects the over voltage condition on the external
power source.

In Example 17, any one or more of Examples 1-16
optionally includes a host power source detection circuit
configured to validate the host power source and to provide
the indication of host power source validity and an external
power source detection circuit configured to validate the
external power source and to provide the indication of
external power source validity.

In Example 18, the clamp circuit of any one or more of
Examples 1-[317] 17 optionally includes a clamp switch
configured to selectively short the clamp circuit [for] after
an 1nitial time period when the 1indication of external power
source validity indicates a valid external power source.

In Example 19, any one or more of Examples 1-18
optionally includes a bandgap reference circuit configured to
provide a bandgap voltage reference, wherein the host power
source detection circuit includes a comparator configured to
validate the host power source using the value of the host
power source and the bandgap voltage reference, and
wherein the external power source detection circuit includes
a comparator configured to validate the external power
source using the value of the external power source and the
bandgap voltage reference.

In Example 20, the clamp circuit of any one or more of
Examples 1-19 optionally includes a clamp switch config-
ured to selectively short the clamp circuit when the over
voltage detection circuit does not detect the over voltage
condition on the external power source.

In Example 21, a system or apparatus can include, or can
optionally be combined with any portion or combination of
any portions of any one or more of Examples 1-20 to
include, means for performing any one or more of the
functions of Examples 1-20 or a machine-readable medium
including instructions that, when performed by a machine,
cause the machine to perform any one or more of the
functions of Examples 1-20.

The above detailed description includes references to the
accompanying drawings, which form a part of the detailed
description. The drawings show, by way of 1illustration,
specific embodiments in which the invention can be prac-
ticed. These embodiments are also referred to herein as
“examples.” Such examples can include elements 1n addi-
tion to those shown or described. However, the present
inventors also contemplate examples 1 which only those
clements shown or described are provided. Moreover, the
present 1nventors also contemplate examples using any
combination or permutation of those elements shown or
described (or one or more aspects thereof), either with
respect to a particular example (or one or more aspects
thereot), or with respect to other examples (or one or more
aspects thereol) shown or described herein.

All publications, patents, and patent documents referred
to 1n this document are incorporated by reference herein in
their entirety, as though individually incorporated by refer-
ence. In the event of inconsistent usages between this
document and those documents so incorporated by refer-
ence, the usage 1n the icorporated reference(s) should be
considered supplementary to that of this document; for
irreconcilable inconsistencies, the usage in this document
controls.

In this document, the terms “a” or “an” are used, as 1s
common 1n patent documents, to include one or more than
one, independent of any other instances or usages of “at least
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one” or “one or more.” In this document, the term “or” 1s
used to refer to a nonexclusive or, such that “A or B”
includes “A but not B,” “B but not A,” and “A and B,” unless
otherwise indicated. In the appended claims, the terms
“including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and
“wherein.” Also, in the following claims, the terms “includ-
ing” and “comprising” are open-ended, that is, a system,
device, article, or process that includes elements 1n addition
to those listed after such a term 1n a claim are still deemed
to fall within the scope of that claim. Moreover, 1n the
following claims, the terms *“first,” “second,” and “third,”
etc. are used merely as labels, and are not intended to impose
numerical requirements on their objects.

Method examples described herein can be machine or
computer-implemented at least 1n part. Some examples can
include a computer-readable medium or machine-readable
medium encoded with instructions operable to configure an
clectronic device to perform methods as described in the
above examples. An implementation of such methods can
include code, such as microcode, assembly language code,
a higher-level language code, or the like. Such code can
include computer readable 1nstructions for performing vari-
ous methods. The code may form portions of computer
program products. Further, the code can be tangibly stored
on one or more volatile or non-volatile tangible computer-
readable media, such as during execution or at other times.
Examples of these tangible computer-readable media can
include, but are not limited to, hard disks, removable mag-
netic disks, removable optical disks (e.g., compact disks and
digital video disks), magnetic cassettes, memory cards or
sticks, random access memories (RAMs), read only memo-
rics (ROMs), and the like.

The above description 1s mtended to be illustrative, and
not restrictive, For example, the above-described examples
(or one or more aspects thereol) may be used 1n combination
with each other. Other embodiments can be used, such as by
one of ordinary skill in the art upon reviewing the above
description. The Abstract 1s provided to comply with 37
C.FR. §1.72(b), to allow the reader to quickly ascertain the
nature of the technical disclosure. It 1s submitted with the
understanding that 1t will not be used to interpret or limit the
scope or meaning of the claims. Also, 1n the above Detailed
Description, various features may be grouped together to
streamline the disclosure. This should not be interpreted as
intending that an unclaimed disclosed feature 1s essential to
any claim. Rather, inventive subject matter may lie 1n less
than all features of a particular disclosed embodiment. Thus,
the following claims are hereby incorporated into the
Detailed Description, with each claim standing on 1ts own as
a separate embodiment, and 1t 1s contemplated that such
embodiments can be combined with each other 1n various
combinations or permutations. The scope of the mvention
should be determined with reference to the appended claims,
along with the full scope of equivalents to which such claims
are entitled.

What 1s claimed 1s:

1. A power management circuit, comprising;:

a switch configured to receive a voltage from a host power
source, a voltage from an external power source, an
indication of host power source validity, and an 1ndi-
cation of external power source validity;

wherein the switch 1s configured to provide a voltage to
an internal supply rail using (1) the host power source
when the indication of host power source validity
indicates a valid host power source, and (2) the external
power source when the indication of host power source
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validity indicates an 1nvalid host power source and the
indication of external power source validity indicates a
valid external power source; and

an over voltage protection circuit, including;:

an over voltage detection circuit configured to detect an
over voltage condition on the external power source;
and

a clamp circuit configured to (/) clamp the external
power source for an initial time period when the
indication of external power source validity indi-
cates a valid external power source, and (2) clamp
the external power source when the over voltage
detection circuit detects the over voltage condition
on the external power source.

2. The power management circuit of claim 1, including:

a host power source detection circuit configured to vali-

date the host power source and to provide the indication
of host power source validity; and

an external power source detection circuit configured to

validate the external power source and to provide the
indication of external power source validity;

wherein the host power source includes a battery, and

wherein the external power source includes an external
bus voltage.
3. The power management circuit of claim 2, wherein the
clamp circuit includes a clamp switch configured to selec-
tively short the clamp circuit [for an] after the initial time
period when the indication of external power source validity
indicates a valid external power source and the over voltage
detection circuit detects that no over voltage condition exists
on the external power source.
4. The power management circuit of claim 2, including a
bandgap reference circuit configured to provide a bandgap
voltage reference;
wherein the host power source detection circuit includes
a comparator configured to validate the host power
source using the [value] voltage of the host power
source and the bandgap voltage reference; and

wherein the external power source detection circuit
includes a comparator configured to validate the exter-
nal power source using the [value] voltage of the
external power source and the bandgap voltage refer-
ence.

5. The power management circuit of claim 1, including a
voltage regulator configured to provide a regulated external
power source; and

wherein the switch 1s configured to provide the voltage to

the internal supply rail using the regulated external
power source when the indication of host power source
validity indicates an ivalid host power source and the
indication of external power source validity indicates a
valid external power source.

6. The power management circuit of claim 1, wherein the
switch includes:

a first input configured to receive the voltage from the host

poOwer Source;

a second 1nput configured to receive the voltage from the

external power source;

a first control mput configured to recerve the indication of

the host power source validity;

a second control input configured to receive the indication

of the external power source validity; and

an output configured to provide [an] the voltage to the

internal supply rail.

7. The power management circuit of claim 1, wherein the
clamp circuit includes a clamp switch configured to selec-
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tively short the clamp circuit when the over voltage detec-
tion circuit does not detect the over voltage condition on the
external power source.
8. The power management circuit of claim 7, wherein the
clamp switch includes a transistor;
wherein the clamp circuit includes a clamp control circuit
including an oscillator, a counter, and a charge pump;
and
wherein the clamp control circuit 1s configured to receive
an indication of a detected over voltage condition o
the external power source and to control the clamp
switch using the indication of Jover voltage detection
circuit detects the] detected over voltage condition on
the external power source.
9. A power management method, comprising;
recerving indications of host and external power source
validities;
providing a voltage to an internal supply rail using a host
power source when the indication of host power source
validity indicates a valid host power source;
providing [an] a voltage to the internal supply rail using
an external power source when the indication of host
power source validity indicates an invalid host power
source and the indication of external power source
validity indicates a valid external power source;
detecting an over voltage condition on the external power
source; [and]
clamping the external power source using a clamp circuit
when the over voltage condition 1s detected on the
external power source; and
clamping the external power source for an initial time
period using the clamp circuit when the indication of
external power source validity indicates a valid exter-
nal power source.
10. The method of claim 9, including:
validating the host power source and providing the 1ndi-
cation of host power source validity; and
validating the external power source and providing the
indication of external power source validity.
11. The method of claim 10, including selectively shorting
the clamp circuit [for an] after the initial time period when
the 1indication of external power source validity indicates a

valid external power source and no over voltage condition
exists on the external power source.

12. The method of claim 10, including:

providing a bandgap voltage reference;

validating the host power source using the [value] voltage

of the host power source and the bandgap voltage
reference; and

validating the external power source using the [value}

voltage of the external power source and the bandgap
voltage reference.

13. The method of claim 9, including providing a regu-
lated external power source; and

wherein the step of providing the voltage to the internal

supply rail using the external power source includes
using the regulated external power source when the
indication of host power source validity indicates an
invalid host power source and the indication of external
power source validity indicates a valid external power
source.

14. The method of claim 9, including selectively shorting
[a] #2¢ clamp circuit when [the over voltage detection circuit
does not detect an] no over voltage condition exists on the
external power source.
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15. The method of claim 14, including:
receiving an indication of a detected over voltage condi-
tion on the external power source; and
controlling the clamp circuit using the indication of [over
voltage detection detects the] detected over voltage
condition on the external power source.
16. A power management system, comprising;:
an electronic device, including a host power source and a
umversal serial bus (USB) port, the USB port config-
ured to recerve a voltage from an external power
SOurce;
a switch configured to receive a voltage from the host
power source, the voltage from the external power
source, an 1ndication of host power source validity, and
an indication of external power source validity;
wherein the switch 1s configured to provide a voltage to
an internal supply rail using (1) the host power source
when the indication of host power source validity
indicates a valid host power source, and (2) the external
power source when the indication of host power source
validity indicates an ivalid host power source and the
indication of external power source validity indicates a
valid external power source; and
an over voltage protection circuit, including:
an over voltage detection circuit configured to detect an
over voltage condition on the external power source;
and

a clamp circuit configured to (/) clamp the external
power source for an initial time period when the
indication of external power source validity indi-
cates a valid external power source, and (2) clamp
the external power source when the over voltage
detection circuit detects the over voltage condition
on the external power source.
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17. The power management system of claim 16, includ-
ng:

a host power source detection circuit configured to vali-
date the host power source and to provide the indication
of host power source validity; and

an external power source detection circuit configured to
validate the external power source and to provide the
indication of external power source validity.

18. The power management system of claim 17, wherein
the clamp circuit includes a clamp switch configured to
selectively short the clamp circuit [for an] affer the initial
time period when the indication of external power source
validity indicates a valid external power source and the over
voltage detection circuit detects that no over voltage con-
dition on the external power source exists.

19. The power management system of claim 17, including
a bandgap reference circuit configured to provide a bandgap
voltage reference;

wherein the host power source detection circuit includes
a comparator configured to validate the host power
source using the [value] voltage of the host power
source and the bandgap voltage reference; and

wherein the external power source detection circuit
includes a comparator configured to validate the exter-
nal power source using the [value] voltage of the
external power source and the bandgap voltage refer-
ence.

20. The power management [circuit] system of claim 16,
wherein the clamp circuit includes a clamp switch config-
ured to selectively short the clamp circuit when the over
voltage detection circuit does not detect the over voltage
condition on the external power source.
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