wo 2012/060811 A1 I 10K 000 RV

(12) INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(19) World Intellectual Property Organization
International Bureau

-

U
(43) International Publication Date :
10 May 2012 (10.05.2012)

2P0

(10) International Publication Number

WO 2012/060811 A1

International Patent Classification:
HO2H 5/04 (2006.01) HO2H 7/20 (2006.01)
H02J 7/00 (2006.01)

(51

(21) International Application Number:

PCT/US2010/054977

(22) International Filing Date:

1 November 2010 (01.11.2010)
English
English
Applicant (for all designated States except US):
HEWLETT-PACKARD DEVELOPMENT COMPA-

NY, L.P. [US/US]; 11445 Compaq Center Drive West,
Houston, Texas 77070 (US).

(25)
(26)
1

Filing Language:

Publication Language:

(72)
(73)

Inventors; and
Inventors/Applicants (for US only): SAWYERS,
Thomas, P. [US/US]; 11445 Compaq Center Drive West,
Houston, Texas 77070 (US). CARROLL, Barry, N.
[US/US]; 11445 Compaq Center Drive West, Houston,
TX 77070 (US).

Agents: CZARNECKI, Michael et al.; Hewlett-Packard
Company, Intellectual Property Administration, 3404 E.
Harmony Road, Mail Stop 35, Fort Collins, Colorado
80528 (US).

74

(81) Designated States (unless otherwise indicated, for every
kind of national protection available). AE, AG, AL, AM,
AO, AT, AU, AZ, BA, BB, BG, BH, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CZ, DE, DK, DM, DO,
DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IS, JP, KE, KG, KM, KN, KP,
KR, KZ, LA, LC, LK, LR, LS, LT, LU, LY, MA, MD,
ME, MG, MK, MN, MW, MX, MY, MZ, NA, NG, NI,
NO, NZ, OM, PE, PG, PH, PL, PT, RO, RS, RU, SC, SD,
SE, SG, SK, SL, SM, ST, SV, SY, TH, TJ, TM, TN, TR,
TT, TZ, UA, UG, US, UZ, VC, VN, ZA, ZM, ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, GH,
GM, KE, LR, LS, MW, MZ, NA, SD, SL, SZ, TZ, UG,
ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, MD, RU, TJ,
TM), European (AL, AT, BE, BG, CH, CY, CZ, DE, DK,
EE, ES, FI, FR, GB, GR, HR, HU, IE, IS, IT, LT, LU,
LV, MC, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI, SK,
SM, TR), OAPI (BF, BJ, CF, CG, CI, CM, GA, GN, GQ,
GW, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:
as to the identity of the inventor (Rule 4.17(1))

as to applicant's entitlement to apply for and be granted
a patent (Rule 4.17(i1))

[Continued on next page]

(54) Title: POWER DELIVERY SYSTEMS AND METHODS

EXTERNAL POWER DELIVERY DEVICE

110

THERMAL DEVICE
140

120
\

e

[ THROTTLING DEVICE

160 }

FOWER CONSUMING DEVICE

REMOTE DEVICE

130

FIG. 1

(57) Abstract: Power delivery systems and methods are provided. A power delivery system (100) can include a thermal device
(140) disposed at least partially within the external power delivery device (110). The thermal device can be configured to output a
first signal (150) corresponding to an internal temperature of the power delivery device when the internal temperature of the pow-
er delivery device exceeds a predetermined threshold.
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POWER DELIVERY SYSTEMS AND METHODS

Bescription of the Related Art

0001} Many eleclronic devices make use of remole power adapters to convert
focally available electrical energy o a standard format for use in powering or
charging the batteries within the device. Manufaclurers, in an effort to reduce costs,
frequently ship electronic devices with power adapters closely maiched to the “as
manufaciured” power consumption of the device. Consumers may modify or expand
the electronic device, for example by attaching peripherals, thereby increasing the
power consumption of the device beyond the “as manufaciured” factory sebt-up.
Such an increase in power consumption may result in a higher than expected power
draw from the power adapter, potentially causing overheating and failure of the

adapter.

BRIEF DESCRIPTION OF THE DRAWINGS

[0002] Advantages of one or more disclosed embodiments may become apparent
upon reading the following detailed description and upon reference to the drawings

in which:

[eo03y Fig. 1 is a block diagram depicting an #llustrative thermally protecied power

adapter system, according to one or more embodiments described herein;

[0004] Fig. 2 is a schemalic diagram depicting an illustrative thermal device,

according (o one or more embodiments described herein;

[0005] Fig. 3 is & block diagram depicting another illustralive thermally protecied

power adapter system, according to one or more embodiments described herein;

0008} Fig. 4 is a schematic diagram depicting vet another illustrative thermally
protecied power adapler system, according o one or more embodimenis described

herein;

o073 Fig. 5 is a flow diagram depicling an illusirative thermally protected power

adapter method, according o one or more embodiments described herein;
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[op08] Fig. 6 is a flow diagram depicting another illustrative thermally protected
power adapter method, according to one or more embodimenis described herein;

and

[0008] Fig. 7 is a flow diagram depicting yet ancther iHustrative thermally protecied

power adapler method, according to one or more ambodiments described hersin,

DETAILED DESCRIPTION

(00101 Many devices make use of an exiemal power adapter to convert local utility
power {0 a regulated, fixed, voltage for powering the device or for charging batteries
within the device. Such power adaplers can contain numerous components,
including one or more transformers {o step down incoming line voltage, one or more
reclificalion devices to convert local utility AC (alternaling current) power to DC
{direct current) power required by the device, and one or more power storage
devices o dampen any variances in either the incoming or outbound power.
Because the cost of the power adapler generally increases with rated capacily,
manufacturers often provide a power adapter having only enough capacity {o power
the device in an “as manufactured” stale, in other words, as the device lefi the

manufacturer's facility.

6011} Consumers have grown accusiomed o quickly and easily upgrading the
performance of devices by adding peripherals that draw power from the device itself.
Coupling a sufficient number of such peripherals to a device can quickly overload the
manufacturer supplied power adaptsr, leading to overheating and premature failure
of the adapter. Additionally, localized heating of specific components within the
power adapter may occur, deteriorating adapter performance and potentially
jeopardizing the ability of the adapter to provide either the quantity or guality of
power needed o power the device. The ability to throttle or otherwise restrict the
performance of a remote electronic device atiached 1o the power adapter can help
reduce powsr output from the adapter, thereby reducing heating and any delsterious
effects encountered as a result of the heating within the power adapter. The degree
of throtlliing or power reduction applied {o the device can correspond to the degree of
overheating within the power adapter, however such throtiling could be problamatic,

for example by unnecessarily impairing or affecting device operatlion, i it were (o
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occur at temperatures at or below what is considered the *normal” operating

temperature of the adapter.

o121 A power delivery system is provided. A power delivery system can include a
thermal device disposed al least partially within an external power delivery device.
The thermal device can be configured to culput a first signal corresponding 1o an
internal temperature of the power delivery device when the internal temperature of

the power delivery device excegds a predetermined threshold.

(60131 A power delivery method is also provided. The power delivery method can
include generating a first signal indicative of an internal temperature of an exiernal
power delivery device when the internal temperalure of the device exceeds a
predetermined threshold. The method can further include reducing the power
consumption of a remote device coupled to the external power delivery device by an

amount corresponding to at least one first signal parameter.

[oo14] Ancther power delivery system is also provided. The power delivery system
can include a negative lemperalure coefficient (NTC) thermistor disposed at least
partially within an external power delivery device. The NTC thermistior can be
disposed proximate to al least one intemal component of the external power delivery
device and configured 1o generate a first signal indicative of an internal temperature
of the external power delivery device when the internal temperature exceeds a

predetermined threshold.

[0018] Fig. 1 is & block diagram depicting an illustrative thermally protected power
adapter system 100, according to one or more embodiments. In some
embodimentis, the system 100 can include an external power delivery device 110
coupled via one or more conductors 120 10 a ramole device 130. A thermsl device
140 can be disposed within the external power delivery device 110, The thermal
device 140 can generate a first signal which increases commensurate with, ie., is
indicative of, an increase in an intemnal temperature within the external power
delivery device 110. The first signal can be communicated to the remote device 130
via one or more conductors 150, At least one throtiling device 160 and at least one
power consuming device 170 can be disposed at least partially within the remote

device 130. The throtlling device 160 can be configured such that the power
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consumption of the power consuming device 170 can be reducsd corrssponding fo

to one or more first signal parameters received by the throttling device 160,

[eo18] The external power delivery device 110 can include any number of devices,
systems, or combination of sysiems and devices suitable for providing power to the
remote device 130, The axternal power delivery device 110 can include multiple
systems or devices, for example a power converfer to convert incoming AC utility
power to DC power using a combingtion of incoming power siorage systams,
transformer systems, reclifier systems, fillering systems, conditioning systems, and
outbound power siorage sysiems. The power delivery device 110 can provide

power {0 a remote device 130 via the one or more conductors 120,

(00171 The remote device 130 can include any number of devices, systems, or
combination of systems and devices drawing power from the external power delivery
device 110. For example, the remote device 130 can include a poriable computing
device such as a laptop, tablet, or netbook computer. In some embodiments, the
remote device 130 can be a display device, for example g digital versatile disk (DVD)
or Blu-Ray® player and display device combination. One or more throttling devices
160 and one or more power consuming devices 170 can be al least partially

disposed in, on, or about the remole device 130,

[0018] The remote device 130 can have one or more inputs disposed thersupon, for
example one or more power inpuis to accept power from the external power delivery
device via the one or more conductors 120. The remote device 130 can also have
one or more inputs {0 accept the first signal generated by the thermal device 140 via
the one or more conductors 150.  In some embodiments, the first signal and the
power provided by the exiernal power delivery device 110 to the remote device 130
can share one or more common conductors between the plurality of conductors 120
and the provided by conductors 150. In at least some embodiments, the remole
device 130 can accept the input of both the power supply {(via the plurality of
conductors 120) and the first signal (via the one or more conductors 150} using a

single, combined input.

(00181 The thermal device 140 can include any number of systems, devices, or any

combination of systems and devices suitable for providing a signal via one or more
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conductors 150 when a component or housing temperature within the external power
delivery device 110 exceeds 3 predetlermined threshold. In al lgast some
embodiments, the thermal device 140 can include one or more circuits incorporating
at least one negative temperature coefficient (NTC) thermistor. The NTC thermistor
incorporated within the thermal device 140 can include any device or component
having an eleclrical resistance inversely related {o the physical temperature of the
thermistor, ie., the resistance of the NTC thermistor decreases as the physical
temperature of the thermistor increases. The thermal device 140 can also include
one or more curreni control devices 1o enable or otherwise provide the first signal
output when the temperature of the external power delivery device 110 or one or

more components disposed thergin exceeds a predetermined threshold.

foozo] In at least some embodiments, one or more first signal parameters can
correspond to the temperature of the thermal device 140, for example a current
source coupled to the thermal device 140 can flow a current through the thermal
device {0 provide the first signal — in such an embodiment, the current, voltags, or
frequency of the first signal can increase when the physical temperature of the
thermal device 140 is increased. The first signal can be communicated to the
remote device 130 via the one or more conductors 150, In at least some
embodiments, all or a portion of the first signal can be communicated via the one or

more conductors 150 {o the throitling device 160 disposed in the remole device 130.

[6021] The throitling device 160 can be disposed in whole or in parl within the
remote device 130. The throttling device 160 can include any number of devices,
systems or any combination of systems and devices suitable for controlling the
power consumption or demand of at least one power consuming device 170 coupled

to the throttling device 160,

00221 In some embodiments, the throitling device 160 can include one or more
controllers suitable for controlling, limiting, adjusting, or otherwise modulating one or
more power consuming aspects of the power consuming device 170. For example,
where the power consuming device 170 includes a processor, the throttling device
160 may include a controller adapted to reduce the clock speed of the processor in
order to reduce the power consumption of the processor. In another example,

where the power consuming device 170 includes a backlit liquid crystal display
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(LCD), the throtlling device 1680 may include a controller adapted o reduce the
intensity of the backlight in order to reduce the overall power consumptlion of the
LCD. In vel ancther example, where the power consuming device 170 includes
random access memary {RAM), the throtlling device 160 may include a controller
adapted to reduce the refresh rate of the memory in order to reduce power
consumption.  While discussed in the context of a controller adapied to control a
single function, the throtlling device 160 can control a plurality of power consuming
devices 170 to further decrease the power demand or consumption of the remote
device 130.

[00231 As noted previously, the power consuming device 170 can include any device
configured o exert a power demand on the external power delivery device 110. in
some embodiments, more than one power consuming device 170 can be disposed
within the remole device 130, for example the power consuming devics 170 can
include one or more processors or similar semiconductor devices, such as a central
processing unit ({CPU}, a graphics processing unit (GPUY, an expansion card; a
volatile memory storage device; a non-volatile memory storage device; and a
network interface device. In some embodiments, the power consuming device 170
can include one or more input/output devices, for example an audio ouiput, an
fluminator, such as an LCD backlight, a Light Emitting Dicde (LED} display, or the
fike. In summary, the power consuming device 170 can include any number of
devices, systems, or any combination of systems and devices in which the power
consumption can be reduced without complstely interrupting the operation or

function of the power consuming device 170.

[0024] Fig. 2 is a schematic diagram depicting an illusirative external power delivery
device 200, according to one or more embodiments. In one example, a power
converter 220, incorporating an incoming electromagnetic interference (EM!) filter,
fine condilioner, one or more frequency shifting transistor networks, one or more
fransformers, one or more diode rectification networks, and one or more power
storage networks can be disposed in whole or in part within the external power
delivery device 200. The slectromagnetic interference (EMI) filter external can
smooth fluctuations or vartances in incoming line power 210, The line conditioner

can further clean and regulate the voltage and frequency of the incoming AC power.
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The one or more transistor networks can be used {o increase the freguency of the
incoming ling power to more efficiently transform the line power {0 one or more lower
voltages usable by the remote device 130. The frequency shifted line power can
pass through one or more transformers to provide one or more reduced voltage AC
supplies, for example a 12 volt, an 18.5 volt, or a 19 volt supply. The one or more
diode networks can rectify the reduced voltage AC supply to provide one or more
reduced voltage DC supplies. The one or more power storage networks can be
used io smooth and regulate the delivery of the one or more reduced voltage DO
supplies to the remote device 130, The reduced voltage DC power can be supplied
via conductors 230 and 240. The reduced voltage DC power can be supplisd to one
or more remote device 130 via terminals 280 and 280. In some embodiments, the
one or more conduciors 120 can be coupled to the terminals 280 and 280 o convey

the BC power to the remote device 130.

00257 The thermal device 140 can be disposed at least partially within the external
power delivery device 110, coupled io the reduced voliage DC power conductors
230 and 240. Among other components, the thermal device 140 can include one or
maore resistive thermal devices 250, for example a negative temperature coefficient
(NTC) thermistor having an electrical resistance inversely related to the physical
temperature of the resistive thermal device 250. The thermal device 140 can also
include a current control device 260, for example a transistor, or similar, device (o
control the current flow to an output 270, In at least some embodiment, the current
flow to oulput 270 can provide all or a portion of the first signal for transmission to
the throtthing device 160,

[0026] Because the electrical resistance of the resistive thermal device 280 is
dependent upon the physical temperaiure of the device 250, the physical localion of
the device 250 within the external power delivery device 110 can permit the thermal
monitoring of either specific components or surfaces within the entire power delivery
device 110. Such operational flexibility can permit precise monitoring and correclive
action based upon the temperature of one or more specific thermally sensitive
devices or components disposed within the power delivery device 110. For
axample, the resistive thermal device 250 can be disposed proximate the one or

more transformers disposed within the power delivery device 110 where the one or
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more transformers are deemed thermally sensitive. Other components within the
power delivery device 110 can be similarly monitored using the resistive thermal
device 250. In another example, the resistive thermal device can be disposed within
the power delivery device enclosure in a location suitable for monitoring the internal

temperature of a surface within the power delivery device 110.

[0027] As the temperature of the resislive thermal device 250 increases, the
alectrical resistance presented by the resistive thermal device 250 decreases. In
some embodiments, the reduction in resistance of the resistive thermal device 250
can correspond to the increase in temperature experienced by the resistive thermal
device 250. In at least some embodiments, at least a portion of the current flowing
from a currert source through the resistive thermal device 250 can be introduced to
the base of a transistor, functioning as the current control device 260. When the
current flow through the resistive thermal device 250 is low, one or more first signal
parameters, for example first signal current, can be quite low. However, as grealer
guantities of current flow through the resistive thermal device 250 {o the transistor
280 {i.e., as the electrical resistance of the resistive thermal device 250 decreases in
response {0 an increase in temperature), one or more corresponding first signal

parameters, such as current, can increase.

100281 As the slactrical resistance of the resistive thermal davice 250 decreasss, the
increased current flowing through the resistive thermal device 250 can creale a
current flow through the current control device 260, thereby providing the first signal
at output 270. As the temperature of the resistive thermal device 250 continues to
increase, the resistance of the resistive thermal device will continue to decrease,
thereby permitling successively greater current flow through the current control
device 260 to the output 270, Where the current control device 260 is a fransistor,
the flow of current through the resistive thermal device 250 causes leakage of the
current from the swiiching device 260 to the cutput 270 thereby providing at least a
portion of at least one first signal parameter. Successively greater quantities of
current supplied through the resistive thermal device 250 can provide a
proportionately greater current at output 270. In some embodiments, the magnitude
of the current at the output 270 can be proportionale to the physical temperature of

the resistive thermal device 250.
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[00293 Fig. 3 is & block diagram depicting another illustrative thermally protected
power adapter system 300, according to one or more embodiments.  In at least
some embodiments, a power monitor 310 can be at least partially disposed in the
external power delivery device 110. In some embodiments, all or a portion of the
first signal can be used as an input o the power monitor 310. In at least some
embodiments, the power monitor 310 can be coupled {0 the throtliing device 180 via

one or more conductors 320,

[0030] The power monitor 310 can include any number of sysiems, devices, or any
combination of systems and devices suitable for providing a second signal indicative
of the power output of the external power delivery device 110 via the one or more
conductors 320, In at least some embodiments, the power monitor 310 can provide
the second signal only when the power oulput of the external power delivery device
130 exceeds a predetermined threshold, for example when the power oulput
exceeds the rated maximum power oulput {e.g., the “as manufaciured” power
outpui) of the exiernal power delivery device 110. The power monitor 310 can
include one or more voltage sensors, one or more current Sensors, one or more
power sensors, or any combination thereof. The powsr monitor 310 can provide one
or more signals indicative of the power oulput of the external power delivery device
110. For example, the power monitor 310 can oulput a second signal indicative of
the power ouiput of the external power delivery device 110 when the power culput
gexceeds a predetermingd, ie., reference, threshold. In at least some embodiments,
the second signal can be communicated to the remote device 130 via the one or

more conduciors 320.

[0031] The one or more conductors 320 can be coupled {o the throttling device 160.
in some smbodiments, the first signal can be introduced to the power monitor 310
via the one or more conductors 150, Within the power monitor 310, the first signal
can be used, in some embodiments, to adjust, alter, or affect the predetermined
reference threshold within the power monitor 210, For example, in at least some
embodiments, the power monitor 310 can include a reference threshold
corresponding to a power cutput level where the external power delivery device 110
is able to meet 100% of the power requirements of the remote device 130. The first
signal 150 can be used in some embodimentis to bias, change, or otherwise adjust

the reference threshold of the power monitor 310 such that the external power
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delivery device 110 can only provide a percentage of rated capacity less than 1060%.
Such an adjustment may provide an additional level of protection where an
overheating condition develops within the external power delivery module 110 when

the module is operating at 100% capacity or less.

(60321 In another example, the remole device 130 can place a power demand on the
external power delivery device 110 of 130% of the raied power output, the power
monitor 310 can provide a second signal 320 o the throttling device 160 o reduce
the power consumption of the power consuming device 170 {o a level that maintains
the power cutput of the external power delivery device 110 at 100%. Should the
temperature of the external power delivery device 110 continue {o increase above
normal operating limils, for any reason, such as when the ambient tlemperature is
high, the thermal device 140 can provide a first signal 150 to the power monitor 310
to further reduce the power oulput from the external power delivery device 110
below 100% commensurate with the degree of heating experienced by the thermal
device 140. Such a reduction below 100% of rated capacity would ordinarily not
occur using only the power monitor 310, since no temperature compensation is
provided. However by using the first signal 150 to adjust the reference threshold of
the power monitor 310, it becomes possible o limit the power outpul of the external

power delivery device 110 to less than 100% of rated capacity.

60331 Fig. 4 is & schematic diagram depicting another Hlustrative thermally protected
power adapter 400, according to one or more embodiments. The thermally
protected power adapter 400 can, in some embodiments, include both a thermal
device 140 and a power monitor 310.  in some embodiments, for example as
depicted in Fig. 4, the first signal provided by the thermal device 140 can be used (o

alter or adjust g reference threshold 410 within the power monitor 310,

0034] In the absence of the thermal device 140, the power monitor 310 can
compare the current output of the external power delivery device 110 against the
reference threshold 410, for example a reference threshold set at the maximum
design current of the exiernal power delivery device 110, When the current output of
the external power delivery device 110 exceeds the reference threshold 410, the
current output from amplifier 420 will increase. An increase in amplifier 420 output
current can cause the current control device 430 to provide an increased current flow

to current control device 440, The current flowing through current control device 440
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can provide at least a portion of the second signal transmitted to the remote device
130 via the one or more conductors 320, Any increase in current flow to the remote
device 130 exceeding the current corresponding o reference threshold 410 can
result in a corresponding increase in the second signal sent {o the remote device
130. As the second signal increases, throttling device 160 can reduce the power
consumption of at least one power consuming device 170, Reducing the power
consumption of the remote device 130 reduces the current demand on the exiernal
power delivery device 110 thereby reducing the second signal. Such corrective
aclion {generation of a second signal corresponding to the degree of overcurrent
experienced by the external power delivery device 110, followed by the throttling
device 160 further reducing power of the power consuming device 170} will continue
to occur until the power demand of the remote device decreases o 3 level at or

helow the reference threshold 410.

f00358) Combining the power monitor 310 with a thermal device 140 provides the
capability for temperature compensating the reference threshold 410. Such
compensation can provide, for example, the capability to reduce the current osutput of
the device 110 after the device has operated at or near 100% capacily for an
exiended period at elevated ambient temperature. While protection using the power
monitor 310 alone can prevent extended use of the external power delivery device
110 above 100% capacity at elevated ambient temperatures, the power monitor 310
may not, in and of itself, protect against extended operation of the external power
delivery device 110 al or near the maximum rated power delivery. Such exiended
operation at or near the maximum raled power delivery at elevated ambient
temperatures can result in heating and potential premature failure of the external
power delivery device 110. The addilion of a thermal device 140 o the exiernal
power delivery device 130 can provide a temperature compensation capability to the
reference threshold 410, thereby permitting the reduction of the power output of the
external power delivery device 110 based upon both the power demand presented
by the remote devics 130 and the temperature of the external power delivery device
110.

(00361 In some embodiments, the first signal 150 provided by the thermal device 140
can be coupled to the power monitor 310 to provide a temperature and power

compensated second signal to the remote device 130, The resistive thermal device
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250 can be disposed within the external power delivery device 110 proximate a
surface or one or more thermally sensitive components. As the temperature within
the external power delivery device 110 increases, the resisiance of the resistive
thermal device 250 will decrease. The reduced resistance of the resistive thermal
device 250 can increase the flow o the current control device 260, thereby crealing
a shunt upstream of the reference threshold 410, The presence of the shunt through
the current control device 280 decreases the reference threshold 410 by an amount
corresponding o the physical temperature of the resistive thermal device 250. As
the physical temperature of the resistive thermal device 250 is reduced, for example
by reducing the current flow to the remote device 130, the resistance within the
shunt through the current control device 260 will increase, eventually eliminating the

shunt and restoring the reference threshold 410 o the original, pre-shunt, value.

[0037] In one prophetic example, the external power delivery device can be rated for
a full load {ie., currenl demand from the remole device 130} of 4.5 amps (A).
Operation of the remote device 130 at a demand of 4.5A would therefore not exceed
the reference threshold 410 and the remote device 130 would receive the full 4.5A
capacity of the external power delivery device 110. Howsver, extended operation of
the remote device 130 at the full 4.5A load may cause unacceptable heating of one
or more components within the external power delivery device 110, for example one
or more transformers. By disposing the thermal device 140 proximate the
transformer, the resistance of the resistive thermal device 250 will decrease by an
amount corresponding o the increase in temperature experienced by the
transformer. The reduced resistance presented by the resistive thermal device 250
permits the flow of current through the current control device 260, thereby
establishing the shunt which reduces the reference threshold 410, o a value
corresponding o less than 4.5A. The reduction in the reference threshold 410
permits the amplifier 420 to provide a current flow to the current control device 430
and thence o current control device 440. The current flowing through current control
device 440 can provide at least a portion of the second signal, transmitted to the
external remote device 130 via the one or more conducltors 320 As the
temperature of the resistive thermal device 250 increases, current flow through the

current control device 260 can increase, thereby causing a corresponding greater
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reduction in the reference threshold 410 via the shunt established through the

current conirol device 260.

[0038] Fig. 5 is a flow diagram depicling an illustrative thermally protected power
adapter method 500, according to one or more embodiments. As the remole device
130 beging drawing power from the exiernal power delivery device 110, the
temperature of one or more components within the exiternal power delivery device
110 can begin to increase. As the temperature within the external power delivery
device 110 increases, one or more operaling characteristics of the external power
delivery device 110 may be compromised, for example the ability to deliver power
within a specified volage range may be compromised. When the power delivered
by the power delivery device 110 is compromised, the operation of the remole

device 130 can be adversely impacted.

(00381 Responsive 10 an increase in an internal temperature within an external power
delivery device 110, the method 500 can include generating a first signal indicative
of the increase in internal temperature when the lemperalure exceeds a
predetermined threshold at 510. The threshold can, for example, be sel at a
temperature where the performance of the exiernal power delivery device 110
remains within established, /.e., safe, limits. In at least some embodiments, when
the extemal power delivery device 110 is operaling at a temperature less than the

threshold temperature, the first signal can be minimal or absent.

[oe48] As the temperature within the exiernal power dglivery device 110 increasss,
the resistance of the resistive thermal device 250 can decrease, and the resultant
increased current flow therethrough can increase the current flow through the current
control device 260. As current flows through the current control device 260, the first
signal can be communicated to the throttling device 160 via the one or more
conductors 150. Al least one first signal parameter, for example signal current,
signal voltage, or signal frequency can increase commensurate with the internal
temperature of the external power delivery device 110, For example, where the
thermal device 140 includes an NTC thermistor to generaie the first signal, the first
signal current c¢an increase as the electrical resistance of the NTC thermistor
decreases in response (o escalating temperatures within the external power delivery
device 110.
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[0041] To limit the temperature increase within the external power delivery device
110, the throttling device 160 can reduce the power consumption of the power
consuming device 170 by an amount corresponding o one or more first signal
parameters at 520. For example, where the remote device 130 is a tablet computer,
the central processing unit {CPU) disposed within the tablet computer may represent
one of the power consuming devices 170. The throttling device 160 can include a
controller disposed within the tablet computer configured to adjust the clock speed of
the CPU. In responss to the overstemperature condition within the external power
delivery device 110, the thermal device 140 can provide & first signal corresponding
to the magnitude of the over-temperature event. In response o the receipt of the
first signal, the controller {throttling device 160} can reduce the clock speed of the
CPU {power consuming device 170} within the tablel computer (remote device 130}
by an amount corresponding to first signal current.  The reduction in CPU clock
speed can reduce the overall power consumption of the tablet computer, reducing
the demand on the external power delivery device 110, thereby permilling a gradual
cooling of the external power delivery device, or preventing the temperature of the

external power delivery device from rising above a predetermined level.

(00427 Fig. 6 is a flow diagram depicting another ilustrative thermally profected
power adapter method 600, according to one or more embodiments.  The method
depicted in Fig. 6 incorporates both thermal and power monitoring features, based
upon the use of a thermal device 140 and a power monitor 310 within the external
power delivery device 110. The power monitor 310 can measure one or more power
parameters {(e.g., curent, voltage, or power) of the power supplied to the remole
device 130, Responsive (o both the temperature of the external power delivery
device 110 and the one or more power parameters, a second signal, related to both
temperature and powsr can be provided to the remole device 130. in some
embodiments, all or a portion of the second signal can be provided to the throttling
device 180 via the one or more conduciors 320. In al least some embodiments, the
second signal can be provided by the powser monitor 310 only when the one or mors
measured paramelers exceed a predeiermined threshold, for example when the
power gutput of the external power dslivery device 110 exceeds the rated power

delivery capacity.
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[0043] In some embodiments, a thermal device 140 disposed within the external
power delivery device 110 can provide a first signal indicative of an internal
temperature within the power delivery device 110 at 610, In at least some
embodiments, the thermal device 140 can include one or more current controd
devices 260 such as a transistor configured {0 maintain a low first signal current until
the temperature of the resistive thermal device 250 begins o increase. in other
embodiments, the current control device 260 can be used as a shunt to alter, adjust,
or otherwise afiect the reference threshold 410 of the power monitor 310. As greater
guantities of current flow through the resistive thermal device 250 fo the transistor
260 {i.e., as the slectrical resistance of the resistive thermal device decreases in
response o an increase in temperaturg), one or more corresponding first signal

parameters, such as current, can increase.

[0044] In some embodiments, at least a portion of one or more first signal 150
parameters can be used to bias, adjust, or otherwise influence the reference
threshold 410 of the power monitor 310 at 620. For example, when the first signal
150 parameters are minimal {{e., comresponding to & relatively low internal
temperature within the external power delivery device 110) the reference threshold
410 can be set to 100% {.e., full rated capacity) of the capacity of the external power
delivery device 110,  As the physical temperature of the thermal device 140
incraases, the reference threshold 410 within the powsr monitor 310 can be biased
downward 1o correspond o less than 100% of the capacity of the external power
delivery device 110.

060451 In some embodiments, at 630 the power monitor 310 can provide a second
signal 320 when one or more external power delivery device parameters excesds
the reference threshold 410. in some embodiments, the one or more second signal
parameiers can correspond o the magnitude by which the measured parameter
exceeds the reference threshold 410. For example, where the external power
delivery device 110 is an AT power adapter and the remote device 130 is a laptop
computer, the power monitor 310 can measure the power delivered by the AC power
adapter {external power delivery device 110) to the laptop computer (remote device
130). If the AC power adapler {(external power dslivery device 110} has a rated
capacity of 80 walls, when the demand presented by the laptop computer {remote

davice 130) exceads 90 watls, the power monitor will transmit a second signal to the
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throttling device 1680. One or more second signal parameters, for exampie the
sacond signal current, can corrgspond to the magnifude of the over power condition,
for example the current of the second signal may be 0 milliamps (mA) at 80 waits
(W} (i.e., the rated capacity of the adapter}, 0.1 mA at 100W power demand, and 0.2
mA at 110V power demand.

[0048] Upon receiving the second signal, the throttling device 160 can reduce the
power consumplion of the power consuming device 170 by an amount
corresponding to at least one second signal 320 parameter at 520. For example, the
faptop computer {remote device 130) can include a power consuming device 170 in
the form of a graphical processing unit (GPU) and a throttling device 160 in the form
of a controller configured 1o adjust the clock speed of the GPU. When the power
demand exerted by the laptop computer (remote device 130) exceeds the raled
capacity of the AC adapter {external power delivery device 110}, the power monitor
in the AC adapier can begin transmitting a second signal o the controller (throttling
device 160). Upon receipt of the second signal, the controller {throttling device 160)
can begin slowing GPU clocking (power consuming device 170) in order 1o reduce
the power consumption of the GPU by an amount proportionate o the magnitude of
one or more second signal paramelers. The reduction in GPU {power consuming
device 170) clock speed can reduce the overall power demand presented to the AC
adapter {(external power delivery device 110} by the laptop computer {remote device
130).

[00471 Fig. 7 is a flow diagram depicting vet another illustrative thermally protecied
power adapter method 700, according to one or more embodiments. In at least
some embodiments, the thermal device 140 can include a negative temperature
coefficient (NTC) thermistor 250. The electrical resisiance of the NTC thermistor
250 decreases when the physical temperature of the thermisior increases.
Consequently, any current passed through the NTC thermistor 250 will tend fo
increase as the temperature of the NTC thermistor increases. In at least some
embodiments, the relationship between temperature and electrical resistance can be

used to generate at least a portion of the first signal.

00481 For example, a known current ¢can be passed through an NTC thermistor 250
disposed at least partially within an external power delivery device 110 at 710. In at
feast some embodiments, the NTC thermistor 250 can be coupled to a current
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control device 260, for example a transistor. As the temperature continues fo
increase within the external power delivery device 110, the current flow through the
NTC thermistor 250 can increase due to the decreasing resistance presented by the

thermistor, thereby increasing the current flow to the base of the transistor 260.

[06043] When the lemperature reaches a predetermined value, the current flow
through the NTC thermistor 250 can cause the cumrent control device 260 (ie.
transistor 260) to enter the aclive region. The activation of the current control device
260 can permit the current to provide a first signal at terminal 270 at 720. The first
signal can be communicated from terminal 270 to the remote device 130 via the one

or more conductors 150.
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CLAIMS:

What is claimed is:

1. A power delivery system (100} comprising:

a thermal device (140) disposed at least partially within an external
power delivery device (110}, the thermal device condigured o oulput a first
signal {150} having at least one parameter indicative of an internal
temperature of the power delivery device when said infemnal temperature

exceads a predeterminad threshold.

2. The system of claim 1, further comprising:

a remote device (130) coupled 1o the exiernal power delivery device
{110) via one or more conductors (120};

a throttling device {180} 0 receive at least a portion of the first signal
via one or more conductors (150} disposed al least partially within the remote
device; and

a power consuming device (170} coupled o the throitling device and

disposed at least partially within the remote device.

3. The system of claim 1, the thermal device comprising:

a variable resistance (250} for providing an slectrical resistance
inversely related to the inlernal temperature of the extemal powsr delivery
device, and

a current generator for providing at least a portion of the first signal by

passing a current through the variable resistance.

4. The system of claim 1, wherein:
the thermal device (140} is disposed proximate o an internal
component disposed within the external power delivery device; and
the internal component is selected from the group of componanis
consisting of: an incoming power storage system, a transformer system, a

reclifier system, a regulator system, and an cutbound power storage system.
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5. The system of claim 1, the throtlling device (160} configured to reduce the
power consumption of power consuming device (170) by an amount related to

the at least one first signal parameter.

8. The system of claim 1, further comprising:

a power monitor {310} configured to provide a second signal (320}
having at least one parameter indicative of a power output of the external
power delivery device (110} when the power outpul exceeds a level
corresponding to a reference threshold (410}, the reference threshold

inverssly related to the first signal {150).

7. The system of claim 6, the throtlling device (160} configured to reduce the
power consumption of power consuming device {(170) by an amount related 1o

the at least one second signal parameter.

8. A method, comprising:
generating (510) via a thermal device (140) a first signal (150} having
at least one parameter indicative of an internal temperature of an external
power delivery device (110} when said intemal temperature exceeds a
predetermined threshold;
reducing {420} the power consumption of a remote device (130)
coupled to the external power delivery device by an amount related (o the at

least one first signal parameter.

9. The method of claim 8, further comprising:
measuring (510) a power cuiput of the external power delivery device,
generating a second signal having at least one parameter indicative of
the power output of the external power delivery device when the power output
exceeds a level corresponding to a reference threshold {410), the reference
threshold inversely ralated to the first signal {150); and
reducing {520} the power consumption of the remote device by an

amount corresponding to the at least one second signal parameter.
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11

12.

13.

14,

D0

The method of claim 8, wherein generating the first signal comprises:
passing a known current through a variable resistance device having
an electrical resistance inversely related to the internal temperature of the

external power delivery device.

The method of claim 8, wherein reducing the power consumption of the
remote device {130} comprises:

throttling al least one power consuming device {170} disposed within
the remote device responding ai least in part to at least one first signal

parameter.

The method of claim 8, wherein reducing the power consumption of the
remote device (130) comprises:

throttling at least one power consuming device (170} disposed within
the remote device responding at least in part to at least one second signal

parameter.

The method of claim 8, wherein generating (410} a first signal indicative of an
internal temperature of an external power delivery device (110) comprises:
measuring a temperature of at least one inlernal component disposed
within the external power delivery device using a negative temperature
coefficient (NTC) thermistor disposed proximate the at least one internal

component,

A power delivery system (200), comprising:

thermal device (140) including a negalive temperature cosfiicient
(NTC) thermistor (250), the thermal device disposed proximate {o at least one
internal component of an external power delivery device (110} and configured
to generate a first signal (150} having ai least one parameier indicalive of an
internal temperature of the external power delivery device when the internal

temperaiure exceeds a predetermined threshold.
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16,

17.

D

The system of claim 14, further comprising:

a power monitor {310) configured to generate a second signal {320)
having at least one parameler indicative of a power output of the external
power delivery device, when the power oulput exceeds a level corresponding
o a reference threshold (410}, the reference threshold inversely related to the
first signat (150).

The system of claim 15, further comprising:

a remote device {130} coupled to the sxtemal power delivery device
{110); and

a throtlling device (160} coupled 1o a power consuming device {170},
disposed at least partially within the remote device;

the throtlling device configured o accept the input of the second
signal (320) and io reduce the power consumption of the power
consuming device corresponding o the magnitude of the atl least one

first signal parameter and the at least one second signal parameter.

The sysiem of claim 14, further comprising:

a remote device (130} coupled to the exiemal power delivery device
{(110}); and

a throttling device {160} coupled 1o a power consuming device {170},
disposead at least partially within the remote device;

the throtltling device configured o accept the inpul of the first
signal (150} and 1o reduce the power consumption of the power
consuming device corresponding to the magnitude of the at least one

first signal parameter.
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FPROVIDE A FIRST SIGNAL INDICATIVE OF AN 510
INTERNAL TEMPERATURE WHEN INTERNAL
TEMPERATURE EXCEEDS A PREDETERMINED
THRESHOLD

526
REDUCE POWER CONSUMPTION OF REMOTE /_
DEVICE BY AN AMOUNT CORRESPONDING TO
AT LEAST ONE FIRST SIGNAL PARAMETER
600
\
PROVIDE A FIRST SIGNAL INDICATIVE OF AN 610

INTERNAL TEMPERATURE WHEN INTERNAL
TEMPERATURE EXCEEDS A PREDETERMINED
THRESHOLD

ADJUST A POWER MONITOR REFERENCE
THRESHOLD BY AN AMOUNT CORRESPOUNDING
TO AT LEAST ONE FIRST SIGNAL PARAMETER

PROVIDE A SECOND SIGNAL INDICATIVE OF A
POWER QUTRPUT WHEN FOWER QUTPUT
EXCEEDS THE REFERENCE THRESHOLD

640
REDUCE POWER CONSUMPTION OF REMOTE

DEVICE BY AN AMOUNT CORRESPONDING TO
ATLEAST ONE SECOND SIGNAL PARAMETER
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FIG. 6
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PASS A KNOWN CURRENT THROUGH A 710
RESISTANCE, THE RESISTANCE INVERSELY /_
RELATED TG AN INTERNAL TEMPERATURE OF
AN EXTERNAL POWER ADAPTER

GENERATE A FIRST SIGNAL WHEN THE 720
INTERNAL TEMPERATURE OF THE EXTERNAL
POWER ADAPTER EXCEEDS A PREDETERMINED
THRESHOLD

FIG. 7
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