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POWER CHARGING MODULE AND
METHODS OF USING SAME

RELATED APPLICATIONS
[0001] This patent application claims the benefit of U.S. provisional patent application
Serial No. 62/255,841, filed November 16, 2015, which is incorporated herein by reference.

TECHNICAL FIELD
[0002] This disclosure relates to the field of power charging modules, and more
specifically to the field of power charging modules with modifiable power delivery and

methods of using same.

DESCRIPTION OF RELATED ART

[0003] With the evolution of mobile technology, vehicle manufacturers recognize
customers’ desires to be able to charge their mobile devices (e.g., mobile phones, tablets,
computers, GPS units, headphones/headsets, etc.) while in their vehicle, regardless of
whether the customer is actually using the mobile device. As a part of this, vehicle
manufacturers are requesting higher power charging modules, as well as requesting these
higher power charging modules in tighter form factors. These requests are pushing the limits
of the power charging modules to dissipate the heat generated from the power dissipated due
to circuit inefficiencies. To further compound the issue, vehicle manufacturers are further
requesting that the higher power charging modules be provided with multiple high power
charging ports. The heat generated from this power dissipation can damage the sensitive
electronics and even cause damage to the mechanical assemblies. Furthermore, the heat

generated from this power dissipation could possibly be a safety concern due to fire.

[0004] Presently, to protect against these problems, most power charging modules are
provided with a protection circuit that shuts the device down when a temperature above a
predetermined high temperature is detected. When this shut down occurs, users are left
without charging capabilities until the detected temperature is lowered to below the

predetermined high temperature.

[0005] It would be desirable to provide a vehicle power charging module, and methods of
using same, which overcomes the disadvantages of the prior art vehicle power charging
modules. More specifically, it would be desirable to provide a device and method for

automatically detecting real-time thermal conditions and adjusting the power delivered from

-1-



WO 2017/087414 PCT/US2016/062084

the device to regulate the temperature in real time. The benefit of this would be that the
device could continue to charge one or more of the user’s mobile devices at a reduced power
level instead of allowing the temperature to rise to a critical level before completely disabling

itself, which leaves the user with no charging capabilities whatsoever.

SUMMARY

[0006] A power charging module and methods of using same, are provided. In one aspect,
a power charging module includes a controller, a charging port, and a temperature sensor.
The controller is programmed to define at least three thermal condition ranges. The at least
three thermal condition ranges include a nominal thermal condition range, a critical thermal
condition range, and an intermediate thermal condition range. The intermediate thermal
condition range is between the nominal thermal condition range and the critical thermal
condition range. The charging port is associated with the controller and is configured to
deliver power to an external device plugged into the charging port. The temperature sensor is
configured to sense a temperature and to provide the sensed temperature to the controller.
The controller is configured to determine in which thermal condition range the sensed
temperature is categorized. The controller is configured to deliver a standard maximum
power output to the charging port if the sensed temperature is categorized in the nominal
thermal condition range, deliver a modified maximum power output to the charging port if
the sensed temperature is categorized in the intermediate thermal condition range, and
discontinue power output to the charging port if the sensed temperature is categorized in the

critical thermal condition range.

[0007] In another aspect, a method of charging devices includes the steps of: providing a
power charging module, with the power charging module having a charging port and at least
one temperature sensor. The method includes defining a plurality of thermal condition
ranges, wherein the plurality of thermal condition ranges include a nominal thermal condition
range, a critical thermal condition range, and an intermediate thermal condition range, and the
intermediate thermal condition range is between the nominal thermal condition range and the
critical thermal condition range. The method includes sensing a temperature at the
temperature sensor and determining a corresponding thermal condition range for the sensed
temperature. The method includes delivering a standard maximum power output to the
charging port if the sensed temperature is within the nominal thermal condition range,

delivering a modified maximum power output to the charging port if the sensed temperature
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is within the intermediate thermal condition range, and discontinuing power output to the

charging port if the sensed temperature is within the critical thermal condition range.

[0008] In still another aspect, a power charging system includes a charging port, a
temperature sensor, and a controller. The charging port is configured to deliver power to a
device operatively connected to the charging port. The temperature sensor is operative to
generate temperature signals indicative of a sensed temperature. The controller is configured
to store a plurality of thermal condition ranges, with the plurality of thermal condition ranges
including a nominal thermal condition range, at least one intermediate thermal condition
range, and a critical thermal condition range. The at least one intermediate thermal condition
range is between the nominal thermal condition range and the critical thermal condition
range. The controller is further configured to store a standard maximum power output setting
for each of the charging ports and a modified maximum power output setting for each of the
charging ports and determine the sensed temperature at the temperature sensor based upon
the temperature signals. Upon the sensed temperature being within the nominal thermal
condition range, the controller is configured to deliver power to the charging port based upon
the standard maximum power output setting. Upon the sensed temperature being within the
intermediate thermal condition range, the controller is configured to deliver power to the
charging port based upon the modified maximum power output setting. Upon the sensed
temperature being within the critical thermal condition range, the controller is configured to

discontinue power output to the charging port.

BRIEF DESCRIPTION OF THE DRAWINGS
[0009] The present invention is illustrated by way of example and not limited in the
accompanying figures in which like reference numerals indicate similar elements and in

which:

[0010] FIG. 1 illustrates a functional block diagram of a first exemplary embodiment of a

power charging module as described herein;

[0011] FIG. 2 illustrates a table illustrating potential automatic charging scenarios

(algorithms) with different thermal conditions; and
[0012] FIG. 3 illustrates a flowchart of a manner of operating the power charging module.

DETAILED DESCRIPTION
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[0013] The detailed description that follows describes exemplary embodiments and is not
intended to be limited to the expressly disclosed combination(s). Therefore, unless otherwise
noted, features disclosed herein may be combined together to form additional combinations

that were not otherwise shown for purposes of brevity.

[0014] A functional block diagram of a first exemplary embodiment of a vehicle power

charging module or system 10 is illustrated in FIG. 1.

[0015] In the first exemplary embodiment, the vehicle power charging module or system
10 is depicted to include a controller 15, one or more first temperature sensors 20, and a
plurality of charging port assemblies 25. All or some of the components of the power
charging module 10 may be disposed or located within a housing depicted by a dashed line

generally indicated at 11.

[0016] The power charging module 10 may be associated with and controlled by any type
of controller 15 that is acceptable for its intended application, as will be readily understood
by one skilled in the art. The controller 15 can be an electronic controller that operates in a
logical fashion to perform operations, execute control algorithms, store and retrieve data and
other desired operations. The controller 15 can include or access memory, secondary storage
devices, processors, and any other components for running an application. The memory and
secondary storage devices can be in the form of read-only memory (ROM), random access
memory (RAM) or integrated circuitry that is accessible by the controller. Various other
circuits can be associated with the controller such as power supply circuitry, signal

conditioning circuitry, driver circuitry, and other types of circuitry.

[0017] The controller 15 may be a single controller or may include more than one
controller disposed to control various functions and/or features. The term “controller” is
meant to be used in its broadest sense to include one or more controllers, state machines,
and/or microprocessors that may be associated with the power charging module and that may
cooperate in controlling various functions and operations related to or associated with the
power control module. The functionality of the controller 15 can be implemented in
hardware and/or software without regard to the functionality. The controller 15 may rely on
one or more data maps relating to the operating conditions and the operating environment of
the power control module that may be stored in the memory. Each of these data maps may

include a collection of data in the form of tables, graphs, and/or equations. Such data maps
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may be updated from time to time in any desired manner. As depicted, the controller 15

includes an application-specific integrated circuit (ASIC) 16.

[0018] The ASIC 16 is connected to a power source (not shown), such as a battery or the
like, in a vehicle such that the power source delivers power to the ASIC 16. The controller
15 may also include an auto infotainment head end unit, another electronic control, or host 17

operatively connected to the ASIC 16 via connection 50.

[0019] One or more first temperature sensors 20 are operatively connected to the
controller 15. In one embodiment, a first temperature sensor 20 can be integrated into the
controller 15 such as the ASIC 16. In the alternative or in addition, first temperature sensors
20 may be separate from but adjacent and operatively connected to the ASIC 16. If more
than one first temperature sensor 20 is connected to the ASIC 16, the first temperature

sensors 20 are preferably provided at different locations.

[0020] Each charging port assembly 25 may include a charging port or receptacle 26 with
a charging source 30 electrically connected thereto via connection 51 to provide power to the
port. The charging port 26 and charging source 30 are operatively connected to the controller
15 via connection 52. The charging source 30 may have any desired configuration and in one
embodiment is a buck regulator or converter. The controller 15 is configured to control the
manner in which power is delivered from the charging source 30 to the charging port 26. In
some embodiments, each charging port assembly 25 may include an integrated circuit or
microprocessor adjacent the power source 30 that is operatively connected to the ASIC 16 so
that the ASIC 16 can provide instructions to the integrated circuit or microprocessor of the

charging port assembly 25.

[0021] The charging ports 26 are located in physically accessible locations of a vehicle
and may each be located in a common area, e.g., the dashboard or console, or each may be
located in different areas, e.g., the dashboard/console, the glove compartment, a middle
compartment, the trunk, etc. Thus, the charging ports 26 may be located proximate to the
ASIC 16 or may be located distal from the ASIC 16. In other words, although depicted
within housing 11, the charging ports 26 may be located remotely from the ASIC 16 and not
within a single housing 11, if desired. Regardless of whether the charging port assemblies 25
are adjacent or remote form the ASIC 16 or within a single housing, the power charging

module 10 includes such charging port assemblies 25.
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[0022] The charging ports 26 are configured to charge mobile devices, e.g., mobile
phones, tablets, computers, GPS units, headphones/headsets, etc. The charging ports 26 may
have any configuration and, in some embodiments, may be USB ports. Each charging port

26 may have the same configuration or they may have different configurations.

[0023] One or more second temperature sensors 35 are operatively connected to, or
positioned proximate to, each of the charging port assemblies 25. Each second temperature
sensor 35 is also connected to the controller 15 via connection 53. If each charging port
assembly 25 has more than one second temperature sensor 35 associated with it, the second

temperature sensors 35 are preferably provided at different locations.

[0024] Each of the first and second temperature sensors 20, 35 may be of any type or
configuration. In some embodiments, the first and/or second temperature sensors 20, 35 may
be temperature sensors used with an i2C buss or a PTC thermistor. In other embodiments,
the temperature sensors 20, 35 may be diodes integrated into integrated circuits such as ASIC
16. Each temperature sensor 20, 35 may be programmed to continually monitor a
temperature at their respective locations and to communicate the sensed temperatures to the

controller 15.

[0025] The controller 15 may be configured to dynamically control the charging port
assemblies 25 so that they provide power to the charging ports 26 based upon the temperature
at which the vehicle power charging module 10 is operating and according to desired power
delivery strategies. For example, the controller 15 may be configured or programmed to
define various thermal condition ranges. The various thermal condition ranges can be, for

example, hardwired or set via firmware or preloaded memory.

[0026] In the present example, and with specific reference to FIG. 2, the controller 15 is
programmed with four (4) thermal condition ranges, namely a nominal thermal condition
range, a critical or over limit thermal condition range, and first (or medium) and second (or
high) intermediate thermal condition ranges. In the present example, the nominal thermal
condition range is defined as temperatures at or below 85° Celsius (185° Fahrenheit). The
first intermediate thermal condition range is defined as temperatures above 85° Celsius (185°
Fahrenheit) and at or below 90° Celsius (194° Fahrenheit). The second intermediate thermal
condition range is defined as temperatures above 90° Celsius (194° Fahrenheit) and below
100° Celsius (212° Fahrenheit). The critical thermal condition range is defined as

temperatures at or above 100° Celsius (212° Fahrenheit).
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[0027]  As a result of the four thermal condition ranges, three temperature thresholds are
defined. More specifically, the medium intermediate thermal condition range has a
temperature threshold of 85° Celsius, the high intermediate thermal condition range has a
temperature threshold of 90° Celsius, and the critical thermal condition range has a

temperature threshold of 100° Celsius.

[0028] The controller 15 is configured to receive the communicated sensed temperatures
from the first and second temperature sensors 20, 35 and to compare or categorize the sensed
temperatures received with respect to the thermal condition ranges. Furthermore, the
controller 15 may be configured to deliver an amount of power to each charging port 26
depending on the applicable thermal condition range(s) identified. @ The charging
configuration or strategy specifying the amount of power delivered to each charging port 26
may be set in any desired manner. For example, in the exemplary embodiment, and as noted
in FIG. 2, when all of the sensed temperatures received are categorized in the nominal
thermal condition range, each of the charging ports 26 is configured to deliver a standard
maximum power output of 15 watts (15W). With each charging port 26 delivering the
standard maximum power output, the mobile devices connected to the charging ports 26 may
be charged at the standard and optimal level. If, however, one of the sensed temperatures
does not fall into the nominal thermal condition range, then the controller 15 operates to

change the amount of power delivered to one or more of the charging ports 26.

[0029] When any one of the sensed temperatures received from the first or second
temperature sensors 20, 35 falls within or is categorized in the first intermediate thermal
condition range, the controller 15 may operate according to an intermediate charging
configuration to reduce the power delivery and/or consumption in an attempt to reduce the
temperatures within the power charging module 10 to within the nominal thermal condition
range, or at least maintain the temperature or temperatures associated with the power
charging module 10. As depicted in FIG. 2, to do so, the controller 15 is configured to
maintain the standard maximum power output of 15 watts (15W) of the first charging port,
but will provide a first modified maximum power output of 12 watts (12W) for each of the
second and third charging ports. Thus, while each of the charging ports 26 will continue to
charge the respective mobile devices connected to them, only the first charging port will

continue to charge at the standard and optimal level.
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[0030] When any one of the sensed temperatures received from the first or second
temperature sensors 20, 35 is categorized in the second intermediate thermal condition range,
the controller 15 may operate according to a high charging configuration to further reduce the
power delivery and/or consumption in an attempt to further reduce the temperatures to within
the nominal thermal condition range or the first intermediate thermal condition range, or at
least maintain the temperature or temperatures associated with the power charging module
10. As depicted in FIG. 2, to do so, the controller 15 is configured to maintain the standard
maximum power output of 15 watts (15W) of the first charging port, but will provide a
second modified maximum power output of 7.5 watts (7.5W) for each of the second and third
charging ports. Thus, while each of the charging ports 26 will continue to charge the
respective mobile devices connected to them, only the first charging port will continue to

charge at the standard and optimal level.

[0031] When any one of the sensed temperatures received from the first or second
temperature sensors 20, 35 is categorized in the critical thermal condition range, the
controller 15 operates to further reduce the power delivery and/or consumption to further
reduce the temperatures to within the nominal thermal condition range, the first intermediate
thermal condition range, or the second intermediate thermal condition range. As depicted in
FIG. 2, to do so, the controller 15 is configured to discontinue power output to each of the
charging ports 26. Thus, none of the charging ports 26 will charge the respective devices

connected to them.

[0032] The different configurations or scenarios (algorithms), as identified, for example,
in FIG. 2, preferably prioritize power output to maximize the power provided to each
charging port 26 while maintaining a thermal limit that is not destructive to any of the mobile
devices, the power charging module 10, or other portions of the vehicle. Like the thermal
condition ranges, the different scenarios can be programmed into the controller 15 by any

appropriate means.

[0033] Under typical operating conditions, it is desirable for the power charging module
10 to operate in the nominal thermal condition range. It is contemplated that some type of
hysteresis would be used in connection with the sensed temperatures before the controller 15
changes the power output back to a higher level. For example, in the embodiment described
above, if any one of the sensed temperatures is categorized in the second intermediate

thermal condition range, the controller 15 will maintain the standard maximum power output
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of 15 watts (15W) to the first charging port, but will provide a second modified maximum
power output of 7.5 watts (7.5W) to each of the second and third charging ports. However, it
may not be desirable to change the second modified maximum power output from 7.5 watts
(7.5W) to 12 watts (12W) or 15 watts (15W) as soon as all of the sensed temperatures are no
longer in the second intermediate thermal condition range. Instead, it may be desirable for
the controller 15 to maintain the reduced maximum power output (e.g., 7.5 watts) for a
predetermined period of time or until all sensed temperatures are provided in the nominal
thermal condition range (thus essentially disregarding the action to be taken when the sensed

temperatures are in the first intermediate thermal condition range).

[0034] The prioritization of the power to the charging ports 26 may be organized or
performed in any desired manner. In the embodiment depicted in FIG. 2, except in the
instance where the sensed temperatures are categorized in the critical thermal condition
range, the first charging port is always maintained at the standard and ideal maximum power
output, whereas the second and third charging ports may be provided with the modified
maximum power output. In some instances, the identity or location of the first, second, and
third charging ports may be fixed and, in another instances, the identity or location of the

charging ports may change.

[0035] In one embodiment, the controller 15 may be configured to recognize or define the
first charging port as the charging port 26 which first has a mobile device connected to it. In
a second embodiment, the controller 15 may be configured so that the first charging port is
always the same charging port, for instance the charging port located closest to the driver of
the vehicle and regardless of whether a different charging port first had a mobile device
connected to it. In a third embodiment, the controller 15 may be configured so that the first
charging port is always the same charging port, unless a mobile device is not connected to the
designated first charging port in which case the controller would designate or define the first

charging port as the charging port 26 which first has a mobile device connected to it.

[0036] The maximum power provided to each charging port 26 may be controlled or
changed during the charging process in any desired manner upon a change in the temperature
range in which the charging power module 10 is operating. In doing so, the power charging
module 10 may operate in any manner to control or limit the power delivered through one or
more charging ports 26. In some systems, circuitry within or associated with the power

charging module 10 may limit the amount of power provided to each charging port 26. In
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other systems, the maximum power may be controlled by communications or signals between
the controller 15 and the device to be charged. Still other manners of changing or limiting the
maximum power provided to a charging port 26 or drawn by the device being charged are

contemplated.

[0037] In one embodiment, the controller 15 may advertise or communicate to the
connected device the amount of current that may be drawn from the charging port 26. More
specifically, the controller 15 may advertise or communicate via the electrically conductive
terminals or pins (not shown) of the charging port 26 and through an electrical cable
assembly (not shown) that electrically connects the charging port 26 to the device being
charged. For example, when a charging port 26 is configured as a USB Type C port, the
power charging module 10 (or the host or head unit 17) may communicate to the device being
charged through configuration channel or “cc” pins of the port. In doing so, the controller 15
may advertise or communicate whether the port 26 is operating in a low current mode (i.e.,
500 or 900 mA), a medium current mode (i.e., 1.5 A), or a high current mode (i.e, 3.0 A).
The device may determine the mode in which the USB Type C port is operating based upon
the resistance or current at the cc pins. In order to reduce the amount of current being drawn,
the controller 15 may advertise or communicate a desired change in operation by changing
the resistance or current at the cc pins with the new resistance or current at the cc pins

corresponding to the desired power or current.

[0038] In another embodiment, a charging port 26 may be configured as a “charging
downstream port” and used with a USB system (other than Type C) that is capable of both
charging and sending data simultaneously. In such case, the head end unit 17 operatively
connected to the power charging module 10 may generate signals that are communicated to
the device being charged to specify the charging mode for the device. More specifically, the
host 17 may send appropriate signals that specify the charging mode via the electrically
conductive terminals or pins (not shown) of the charging port 26 and through an electrical
cable assembly (not shown) to the electrically connected device being charged. Upon
determining that a change in the maximum power to be delivered through a charging port 26
is desired, the host 17 may send appropriate signal so that the device being charged draws
less current. More specifically, upon the power charging module 10 determining that a
change in maximum power is required, the power charging module 10 may communicate

such required change to the host 17. The host 17 may generate appropriate signals sent
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through the power charging module 10 including the charging ports 26 to the devices being
charged. In doing so, the host 17 may generate disconnect signals to disconnect the device
and re-enumeration signals to reconnect the device. During such re-enumeration, the host 17
will provide signals to reconfigure the connection including the desired new maximum
current to be drawn by each device being charged. As an example, when a charging port 26
is configured with an APPLE LIGHTNING™ connector, the host 17 may specify the charging
mode and thus the maximum current (e.g., 1.5 or 2.4 A) to be drawn by the device being

charged.

[0039] In still another embodiment, a charging port 26 may be configured as a “dedicated
downstream port” that is capable of only charging a device plugged into the port 26. In such
case, upon connecting a device to the charging port 26, the controller may determine the
desired charging characteristics of the device. In one example, the host 17 is remote from the
ASIC 16 and may determine the desired charging characteristics of the device. Upon
determining that a change in the current to be drawn by the device being charged is desired or
required, rather than physically disconnecting the device from the charging port 26, a portion
of the controller 15 may simulate a disconnection by temporarily reducing the voltage at the
Vs pin below a specified voltage (e.g., 5 V). Upon increasing the voltage at the Vi pin
back to the desired operating voltage, the controller 15 may advertise or communicate a

different charging mode in order to change the current to be drawn by the connected device.

[0040] Other manners of changing the amount of current being drawn by the device being

charged are contemplated.

[0041] If desired, controller 15 may be configured to provide a notice that the power to at
least some of the charging ports 26 is being changed (i.e., reduced or increased). In some
embodiments, the notice may take the form of information displayed on a screen or panel

within the vehicle.

[0042] The disclosure is described and illustrated with regard to a power charging module
10 for use in a vehicle. It is to be understood that the term vehicle as used herein is to be
broadly interpreted, such that a vehicle may include, but is not limited to, for example,
wagons, bicycles, motor vehicles (motorcycles, cars, trucks, buses), railed vehicles (trains,
trams), construction vehicles (excavators, tractors), recreational vehicles (snowmobiles,
ATVs), watercraft (ships, boats), aircraft and spacecraft. Further, while the disclosure is

described and illustrated with regard to a power charging module 10 for use in a vehicle, it is
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to be understood that the power charging module may be used in any environment, whether

associated with a vehicle or not.

[0043] While the disclosure is described and illustrated with the power charging module
10 being a standalone device, the power charging module may be part of a larger electronic

unit, module, or system.

[0044]  While the disclosure is described and illustrated with regard to the power charging
module 10 utilizing an ASIC 16, it is to be understood than any other appropriate means, such

as a microprocessor, state machine, or any discrete electronic solution, could be utilized.

[0045] While the disclosure is described and illustrated with regard to having at least one
temperature sensor 20 associated with the ASIC 16, and at least one temperature sensor 35
associated with each of the charging port assemblies 25, it is to be understood that only one

of these temperature sensors may be provided.

[0046] While the disclosure is described and illustrated as having only four thermal
condition ranges, it is to be understood that more or less thermal condition ranges could be
provided as desired. In other words, although the power control module 10 is described and
illustrated with two intermediate thermal condition ranges, the power control module may
also utilize one or three or more thermal intermediate thermal condition ranges. Furthermore,
while the disclosure is described and illustrated as only having a high temperature critical
thermal condition range, it is to be understood that a low temperature critical thermal

condition range could be alternatively provided and/or conjunctively provided.

[0047] While the disclosure is described and illustrated as having exemplary power
outputs, it is to be understood that other power outputs could be provided as desired, and the
disclosure should not be limited to the exemplary power outputs. Furthermore, while the
disclosure is described and illustrated as having exemplary temperature ranges, it is to be
understood that other temperature ranges could be provided as desired, and the disclosure

should not be limited to the exemplary temperature ranges.

[0048] While the disclosure is described and illustrated as having three charging ports 26,
it is to be understood that more or less charging ports could be provided as desired. In other
words, the disclosure is applicable to power charging modules 10 having one or more

charging ports 26.
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[0049] While the disclosure is described and illustrated as always having the second and
third charging ports having identical modified maximum power outputs, it is to be understood
that, if desired, the modified maximum power output of the second charging port could be
different than the modified maximum power output of the third charging port. Furthermore,
while the disclosure is described and illustrated as always having the first charging port have
the standard maximum power output except when a sensed temperature is categorized in the
critical thermal condition range, it is to be understood that, if desired, the maximum power
output of the first charging port could also be modified in the same way that the maximum
power output of the second and third charging ports are modified, or in a different way than
the maximum power output of the second and third charging ports are modified. It is to be
further understood that in some instances, one or more second temperature sensors 35 may
indicate an increase in temperature adjacent a charging port 26. In such case, if desired, the
maximum power output of the charging ports 26 adjacent the second temperature sensors 35
indicating an increase temperature may be modified without modifying the maximum power

output of the other charging ports 26.

[0050] In some embodiments, the power strategies or prioritization of the order in which
maximum power supplied by the charging ports 26 is reduced may be set or stored by a
manufacturer. In other embodiments, the power strategies or prioritization may also or
alternatively be set or stored by an operator of the vehicle in which the power charging

module 10 is located.

[0051] A flowchart depicting one manner of operating the power charging module 10 is
depicted in FIG. 3. At stage 70, the temperature or thermal condition ranges and thresholds
may be set or stored within controller 15. For example, the nominal thermal condition range,
one or more first intermediate thermal condition ranges, and the critical thermal condition
range may be set within the controller 15. Setting the different thermal condition ranges will

also define the temperature thresholds within the controller 15.

[0052] Power strategies including the order in which the maximum power supplied by
each charging port 26 is reduced may be set at stage 71. The maximum power output settings
that may be supplied by each charging port 26 within each thermal condition range may be
set at stage 72. The controller 15 may receive at stage 73 temperature signals from each
temperature sensor 20, 35 and determine the temperature at each sensor 20, 35 based upon

the temperature signals. At stage 74, the controller 15 may compare the temperatures
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determined by the controller 15 to the temperature or thermal condition ranges set or stored

within the controller 15.

[0053] At decision stage 75, the controller 15 may determine whether the temperatures
reported by all of the temperature sensors 20, 35 are within the nominal thermal condition
range. If the temperatures reported by all of the temperature sensors 20, 35 are within the
nominal thermal condition range, the power charging module 10 may operate at stage 76
according to the standard operating criteria including the standard maximum power output at

each charging port 26 and based upon the standard operating strategy.

[0054]  If the temperature reported by any of the temperature sensors 20, 35 is not within
the nominal thermal condition range, the controller 15 may determine at decision stage 77
whether at least one reported temperature is within the critical thermal condition range (i.e.,
exceeds the critical threshold). If any reported temperature is within the critical thermal
condition range, the power charging module 10 may shut down operation at stage 78. The
power charging module 10 may remain shut down at stage 79 according to restart criteria. In
one example, the power charging module 10 may remain shut down for a predetermined
period of time until returning to stage 73. In another example, the power charging module 10
may remain shut down until none of the temperatures reported by the temperature sensors 20,

35 are within the critical thermal condition range by returning to stage 73.

[0055] If any reported temperature is not within the critical thermal condition range, the
power charging module 10 may determine at decision stage 80 whether at least one reported
temperature is within the high thermal condition range (i.e., exceeds the high threshold but is
less than the critical threshold). If any reported temperature is within the high thermal
condition range, power to all or some of the charging ports 26 may be reduced so that the
power charging module 10 is operating at stage 81 according to the high operating criteria
including the specified maximum power output at each charging port 26 for the high thermal
condition and based upon the operating strategy for the high thermal condition. Reduction of
the maximum power output at the specified charging ports 26 may be accomplished in any
manner including those specified above. Continued operation of the power charging module

10 may be performed by returning to stage 73.

[0056] If any reported temperature is not within the high thermal condition range, power
to all or some of the charging ports 26 may be reduced so that the power charging module 10

is operating at stage 82 according to the medium operating criteria including the specified
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maximum power output at each charging port 26 for the medium thermal condition and based
upon the operating strategy for the medium thermal condition. Reduction of the maximum
power output at the specified charging ports 26 may be accomplished in any manner
including those specified above. Continued operation of the power charging module 10 may

be performed by returning to stage 73.

[0057] The disclosure provided herein describes features in terms of preferred and
exemplary embodiments thereof.  Numerous other embodiments, modifications and
variations within the scope and spirit of the appended claims will occur to persons of ordinary

skill in the art from a review of this disclosure.
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WHAT IS CLAIMED IS:

1. A power charging module, the power charging module comprising:

a controller programmed to define at least three thermal condition ranges, wherein the
at least three thermal condition ranges include a nominal thermal condition range, a critical
thermal condition range, and an intermediate thermal condition range, the intermediate
thermal condition range being between the nominal thermal condition range and the critical
thermal condition range;

a charging port, each charging port being associated with the controller and being
configured to deliver power to an external device plugged into the charging port; and

a temperature sensor, the temperature sensor configured to sense a temperature and to
provide the sensed temperature to the controller,

wherein the controller is configured to determine in which thermal condition range the
sensed temperature is categorized, and wherein the controller is configured to:

deliver a standard maximum power output to the charging port if the sensed
temperature is categorized in the nominal thermal condition range,

deliver a modified maximum power output to the charging port if the sensed
temperature is categorized in the intermediate thermal condition range, and

discontinue power output to the charging port if the sensed temperature is

categorized in the critical thermal condition range.

2. The module of claim 1, further including a plurality of charging ports and a
second temperature sensor adjacent one of the charging ports, the second temperature sensor
being configured to sense a second temperature and to provide the second sensed temperature
to the controller, and the controller is configured to:

deliver a standard maximum power output to each of the charging ports if the sensed
temperatures from both temperature sensors are categorized in the nominal thermal condition
range,

deliver a modified maximum power output to at least one of the charging ports if the
sensed temperature from either temperature sensor is categorized in the intermediate thermal
condition range and the sensed temperature from another of the temperature sensors is

categorized in the nominal thermal condition range, and
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discontinue power output to at least one of the charging ports if the sensed
temperatures from either temperature sensor is categorized in the critical thermal condition

range.

3. A method of charging devices, the method comprising the steps of:

providing a power charging module, the power charging module having a charging
port and at least one temperature sensor;

defining a plurality of thermal condition ranges, wherein the plurality of thermal
condition ranges include a nominal thermal condition range, a critical thermal condition
range, and an intermediate thermal condition range, the intermediate thermal condition range
being between the nominal thermal condition range and the critical thermal condition range;

sensing a temperature at the at least one temperature sensor;

determining a corresponding thermal condition range for the sensed temperature;

delivering a standard maximum power output to the charging port if the sensed
temperature is within the nominal thermal condition range;

delivering a modified maximum power output to the charging port if the sensed
temperature is within the intermediate thermal condition range; and

discontinuing power output to the charging port if the sensed temperature is within the

critical thermal condition range.

4. The method according to claim 3, wherein the power charging module has a
plurality of charging ports, and if the sensed temperature is within the intermediate thermal
condition range, the standard maximum power output is delivered to a first charging port and

the modified maximum power output is delivered to another of the charging ports.

5. The method according to claim 4, wherein the first charging port is defined by

a prioritization method.

6. The method according to claim 5, wherein the prioritization method is a first
plugged in method.
7. The method according to claim 5, wherein the prioritization method is a

defined priority port.
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8. A power charging system, the power charging system comprising:
a charging port, the charging port being configured to deliver power to a device
operatively connected to the charging port;
a temperature sensor operative to generate temperature signals indicative of a sensed
temperature; and

a controller configured to:

store a plurality of thermal condition ranges, the plurality of thermal condition
ranges including a nominal thermal condition range, at least one intermediate thermal
condition range, and a critical thermal condition range, the at least one intermediate
thermal condition range being between the nominal thermal condition range and the
critical thermal condition range;

store a standard maximum power output setting for the charging port and a
modified maximum power output setting for the charging ports;

determine the sensed temperature at the temperature sensor based upon the
temperature signals;

upon the sensed temperature being within the nominal thermal condition
range, deliver power to the charging port based upon the standard maximum power
output setting;

upon the sensed temperature being within the intermediate thermal condition
range, deliver power to the charging port based upon the modified maximum power
output setting; and

upon the sensed temperature being within the critical thermal condition range,

discontinue power output to the charging port.

0. The system of claim 8, wherein each device is operative in a first charging
configuration at a first power and in a second charging configuration at a second power, the
second power being less than the first power, and the controller is configured to control
power drawn by the pluggable device to the first power when the sensed temperature is in the
nominal range and the second power when the sensed temperature is in the intermediate

range.
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10.  The system of claim 9, wherein changing between the first charging
configuration and the second charging configuration includes the controller generating

signals to communicate a change in charging configuration to the device.

11.  The system of claim 10, wherein the controller includes a host and the host is
configured to generate a signal to communicate the change in charging configuration to the

device.

12.  The system of claim 9, wherein changing between the first charging
configuration and the second charging configuration includes the controller reducing a

voltage at the charging port.

13.  The system of claim 8, wherein upon the sensed temperature being within the
intermediate thermal condition range, the controller is configured to deliver power to the

charging port according to the modified maximum power output setting.

14. The system of claim 8, further comprising a plurality of charging ports, and
wherein upon the sensed temperature being within the intermediate thermal condition range,
the controller is configured to deliver power to only some of the charging ports according to

the modified maximum power output setting.

15. The system of claim 14, wherein the temperature sensor is a first temperature
sensor for determining a first sensed temperature and further including a second temperature
sensor adjacent at least one charging port for generating a second sensed temperature, and the
controller is further configured to deliver power to each of the charging ports according to the
standard maximum power output setting upon both of the first sensed temperature and the
second sensed temperature being within the nominal thermal condition range and deliver
power to each of the charging ports according to the modified maximum power output setting
upon one of the first sensed temperature and the second sensed temperature being within the
nominal thermal condition range and another of the first sensed temperature and the second

sensed temperature being within the intermediate thermal condition range.

16. The system of claim 15, wherein the first temperature sensor is adjacent a

second charging port.
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17. The system of claim 15, further including a housing including an ASIC

therein, the first temperature sensor being adjacent the housing.

18. The system of claim 17, wherein the first temperature sensor is integrated into
the ASIC.
19.  The system of claim 14, wherein the standard maximum power output setting

includes a maximum power output to each of the charging ports, the maximum power output
for each charging port being at an identical power output, and the modified maximum power
output setting includes a first modified maximum power output to a first of the charging ports
and a second modified maximum power output to a second of the charging ports, the first
modified maximum power output being at a first maximum power output , the second
modified maximum power output being at a second maximum power output, the second

maximum power output being less than the first maximum power output.

20. The system of claim 8, wherein the controller is further configured to display a

change in charging status.
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