wo 2023/154099 A1 |0 0000 KA 00000 0 0

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

J

=

(19) World Intellectual Property
Organization
International Bureau

(43) International Publication Date
17 August 2023 (17.08.2023)

(10) International Publication Number

WO 2023/154099 Al

WIPO I PCT

(51) International Patent Classification:
GO6F 1/20 (2006.01)

(21) International Application Number:
PCT/US2022/051027

(22) International Filing Date:
27 November 2022 (27.11.2022)

(25) Filing Language: English
(26) Publication Language: English
(30) Priority Data:

17/667,935 09 February 2022 (09.02.2022) US
(71) Applicant: MICROSOFT TECHNOLOGY LI-

CENSING, LLC [US/US], One Microsoft Way, Redmond,

Washington 98052-6399 (US).

Washington 98052-6399 (US). JAKOBOSKI, Timothy;
MICROSOFT TECHNOLOGY LICENSING, LLC, One
Microsoft Way, Redmond, Washington 98052-6399 (US).
FONG, Chee Kiong; MICROSOFT TECHNOLOGY LI-
CENSING, LLC, One Microsoft Way, Redmond, Wash-
ington 98052-6399 (US). SHAH, Manish; MICROSOFT
TECHNOLOGY LICENSING, LLC, One Microsoft Way,
Redmond, Washington 98052-6399 (US). TIN, Suet Fong;
MICROSOFT TECHNOLOGY LICENSING, LLC, One
Microsoft Way, Redmond, Washington 98052-6399 (US).
SHEW, Geoffrey; MICROSOFT TECHNOLOGY LI-
CENSING, LLC, One Microsoft Way, Redmond, Wash-
ington 98052-6399 (US). NIELSEN, Gregory Allen;
MICROSOFT TECHNOLOGY LICENSING, LLC, One
Microsoft Way, Redmond, Washington 98052-6399 (US).

(74) Agent: CHATTERJEE, Aaron C. et al.; MICROSOFT
(72) Inventors: KIM, Donghwi; MICROSOFT TECHNOLO- TECHNOLOGY LICENSING, LLC, One Microsoft Way,
GY LICENSING, LLC, One Microsoft Way, Redmond, Redmond, Washington 98052-6399 (US).
(54) Title: POWER SUPPLY UNIT CONTROL SYSTEM
100 \
104 \
/ Computing Device (Host) 112 \
108
| Data | N Power SW
Manager (e.g.

PSU Temp

102

Communication
link

PSU (AC-DC) Communication

Interface

Temperature
Sense

Dynamic Power|Delivery

Embedded Micro
Controller

SMF)

Perf
Parameters

Charger

FIG. 1

(57) Abstract: The described technology provides an apparatus including a power supply unit (PSU) and a PSU control system stored
in the memory and executable by the one or more processor units, the PSU control system encoding computer-executable instructions
on the memory for executing on the one or more processor units a computer process, the computer process including receiving internal
temperatures of the PSU over a duration of time, determining multiple exponential weighted moving average (EWMA ) of the internal
temperature of the PSU for the duration of time, comparing the EWMA with a temperature threshold associated with the duration of
time, and based at least in part on determining that EWMA exceeds the temperature threshold associated with the duration of time,
limiting the output power of a charger using a charger current limit input to the charger.

[Continued on next page]



WO 2023/154099 A |10} 00P 00000 00O

(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, BN, BR, BW, BY, BZ,
CA, CH, CL, CN, CO, CR, CU, CV, CZ, DE, DJ, DK, DM,
DO, DZ, EC, EE, EG, ES, FI, GB, GD, GE, GH, GM, GT,
HN, HR, HU, ID, IL, IN, IQ, IR, IS, IT, JM, JO, JP, KE,
KG,KH, KN, KP, KR, KW,KZ, LA, LC, LK, LR, LS, LU,
LY, MA, MD, MG, MK, MN, MW, MX, MY, MZ, NA, NG,
NI, NO, NZ, OM, PA, PE, PG, PH, PL, PT, QA, RO, RS,
RU, RW, SA, SC, SD, SE, SG, SK, SL, ST, SV, SY, TH,
TJ, TM, TN, TR, TT, TZ, UA, UG, US, UZ, VC, VN, WS,
ZA,ZM,ZW.

(84) Designated States (unless otherwise indicated, for every
kind of regional protection available): ARIPO (BW, CV,
GH, GM, KE, LR, LS, MW, MZ, NA, RW, SD, SL, ST, SZ,
TZ, UG, ZM, ZW), Eurasian (AM, AZ, BY, KG, KZ, 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, ME, MK, MT, NL, NO, PL, PT, RO, RS, SE, SI,
SK, SM, TR), OAPI (BF, BJ, CF, CG, CIL, CM, GA, GN,
GQ, GW, KM, ML, MR, NE, SN, TD, TG).

Declarations under Rule 4.17:

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

— as to the applicant's entitlement to claim the priority of the
earlier application (Rule 4.17(iii))

Published:
—  with international search report (Art. 21(3))



10

15

20

25

30

WO 2023/154099 PCT/US2022/051027
POWER SUPPLY UNIT CONTROL SYSTEM

Background

Power supplies for desktop and mobile PCs contribute significantly to the overall size, heat, and
noise of a system. For example, a typical desktop PC intended for office includes a 250W-
300W power supply (PSU). However, the actual power drawn by the system while running
normal office desktop applications is typically 70-150W, including a power supply loss of
approximately 10-30%. If a PC could be delivered with, for example, a 150W power supply, this
would represent a saving in cost for the manufacturer, and a reduction in overall size of the power
supply enabling smaller PCs. A PSU is typically set to a fixed power rating across a wide operating
range. For example, PSU power rate on certain laptop devices may be limited to a static fixed
power rating. e.g. 60W, 95W, 120W, etc.
Summary

The described technology provides an apparatus including a power supply unit (PSU) and a PSU
control system stored in the memory and executable by the one or more processor units, the PSU
control system encoding computer-executable instructions on the memory for executing on the
one or more processor units a computer process, the computer process including receiving internal
temperatures of the PSU over a duration of time, determining multiple exponential weighted
moving average (EWMAs) of the internal temperature of the PSU for the duration of time,
comparing the EWMASs with temperature thresholds associated with the duration of time, and
based at least in part on determining that an EWMA exceeds the temperature threshold associated
with the duration of time, limiting the output power of a charger using a charger current limit input
to the charger. In an alternative implementation of the technology disclosed herein, the computer
process includes receiving an initial condition of the PSU such as sensed PSU power level for a
duration of time, determining multiple EWMA of the sensed PSU power level for the duration of
time, comparing the EWMASs with sensed power level thresholds associated with the duration of
time, and based at least in part on determining that an EWMA exceeds the sensed power level
threshold associated with the duration of time, limiting the output power of a charger using a
charger current limit input to the charger.

This Summary is provided to introduce a selection of concepts in a simplified form that are further
described below in the Detailed Description. This Summary is not intended to identify key features
or essential features of the claimed subject matter, nor is it intended to be used to limit the scope
of the claimed subject matter.

Other implementations are also described and recited herein.
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Brief Descriptions of the Drawings

FIG. 1 illustrates a computing system including a PSU control system that adjusts output power
based at least in part on measured temperature of the PSU.

FIG. 2 illustrates an example graph of a PSU control method disclosed herein using measured
temperature of the PSU.

FIG. 3 illustrates an alternative example computing system including a PSU control system that
adjusts output power based at least in part on initial power levels of the PSU.

FIG. 4 illustrates an alternative example graph of a PSU control method disclosed herein using
initial power levels of the PSU.

FIG. 5 illustrates an example graph of performance boost achieved using the PSU control system
disclosed herein.

FIG. 6 illustrates example operations of the PSU control system disclosed herein.

FIG. 7 illustrates alternative example operations of the PSU control system disclosed herein.
FIG. 8 illustrates an example system that may be useful in implementing the battery pack control
system disclosed herein.

Detailed Descriptions

The technology disclosed herein includes a power supply unit (PSU) system where the power
rating of the PSU is controlled dynamically. In some implementations disclosed herein, the power
rating of the PSU may be controlled based at least in part on an algorithm. Generally, a PSU is set
to a fixed power rating across a wide operating range. For example, PSU power rate on certain
laptop devices may be limited to a static fixed power rating. e.g. 60W, 95W, 120W, etc. For some
power supplies, it may be possible to opportunistically draw more power than the specified static
fixed power rating, but that exceedance needs to be constrained to actual load levels, durations at
those load levels, PSU internal status, and the PSU internal temperature. An average of the PSU
internal temperature or initial PSU status at plug-in can be used as a good proxy for identifying
the max load the PSU can handle at a given time.

An implementation of the system disclosed herein provides an architecture and a method to control
a power supply unit (PSU) to allow adjustment of the output power that the PSU can supply.
Implementations disclosed herein use a variety of factors to control the output power the PSU can
supply for periods of time and make downward adjustments to the output power the PSU can
supply if at least some of the multiple factors are exceeded. An implementation of the technique
for making adjustments over time to the PSU output power makes use of the measured temperature
of the PSU, the limits of current that can be supplied by the PSU, and the amount of time that the
PSU operates at or above various temperature thresholds. Another implementation of the

technique for adjusting over time the PSU output power makes use of the initial PSU power level

2



10

15

20

25

30

35

WO 2023/154099 PCT/US2022/051027
at start up, the limits of current that can be supplied by the PSU, and a set of time limits for the

amount of time that the average power supplied at various levels can be supplied by the PSU.
Adjusting PSU output power levels based at least in part on initial PSU power level at start up or
the PSU internal temperature mitigates the stress level on the PSU while still providing higher
PSU output power levels to device components.

The implementations disclosed herein provide benefits over the prior PSU control systems by
achieving opportunistic higher PSU power ratings without violating reliable time duration
specification of the PSUs. As a result, the implementations disclosed herein greatly enhances burst
performance of various processors, such as CPUs, GPUs, etc., of various computing devices.
Another benefit of the disclosed implementations is that they allow to prevent plug-in not charging
(PINC) episodes for the computing devices. Additionally, when compared to the prior methods of
limiting charger current limits to a fixed level, which required processor to be throttled to keep
the fixed PSU power rate, the implementations disclosed herein requires less processor throttling.
This is very beneficial for application, such as gaming where using the system disclosed herein,
higher frame-per-second (FPS) rate are possible from higher PSU power rating than prior fixed
levels with less component throttling, but still within time-duration based limits at the various
PSU power ratings.

FIG. 1 illustrates a PSU control system 100 that adjusts output power based at least in part on
measured temperature of a PSU 102. The PSU control system 100 may be implemented on a
computing device 104. In the illustrated implementation, the PSU control system 100 includes a
communication link 120 that communicates between the PSU 102 and a communication interface
106 of the computing device 104. For example, the communication interface 106 may be a USB
Type C power delivery (USBC PD) controller or a Microsoft Surflink™ communication interface.
The communication link 120 may be used to measure temperature of the PSU 102. The PSU 102
may provide power to a charger 110 of the computing device 104.

The communication interface 106 may communicate the PSU temperature to an embedded
microcontroller 108. The embedded microcontroller 108 may be configured to implement one or
more algorithms for averaging temperature of the PSU over different time durations and to
dynamically generate a charger current limit 122. The charger current limit 122 may be
communicated as an input to a charger 110 that provides current to a processor 114. For example,
the processor 114 may be a CPU of the device 104, a dedicated GPU (DGPU) of the device 104,
etc.

Furthermore, the embedded microcontroller 108 may also generate a limit threshold based at least
in part on the PSU temperature and a timer and communicate the limit threshold to a processor

power software manager. An example of the processor power software manager may be

3



10

15

20

25

30

35

WO 2023/154099 PCT/US2022/051027
Microsoft™ Systems Management Framework (SMF) 112. In one implementation, the SMF 112

use the limit thresholds to generate performance parameters, such as system and component level
power caps, for the processor 314 that may throttle performance of the processor 314.

In one implementation, the embedded microcontroller 108 may receive and store the temperature
of the PSU 102 over various time durations and generate exponential weighted moving averages
(EWMA's) of the internal temperature of the PSU 102 for the various time durations. For example,
the embedded controller 108 may generate EWMAS of the internal temperature of the PSU 102
over rolling durations of 0.1 hours, 0.2 hours, 0.3 hours, 0.5 hours, 1 hour, 1.5 hours, etc. In one
implementation, the embedded microcontroller 108 may generate the EWMA as exponential
EWMA for various time durations using the equation I provided below:

EWMA=EWMAu + At /1 * (I— EWMA¢w1) I

Here EWMA: is the EWMA at time t, FWMA:: is the EWMA at time t-1, /; is the internal
temperature of the PSU 102 received from the communication interface 106 for time t, At is the
time elapsed between t-1 and t, and 7 is a uniquely designed time constant per each EWMA related
to the average. For example, T may be 30 seconds, 60 seconds, 90 seconds, etc. Using the WMA
or the EWMA and comparing them to thresholds makes the operations disclosed herein avoid
unnecessarily setting target load maximum flag in response to transient changes in PSU
conditions, such as transient changes in PSU internal temperature, etc. This results in smoother
operation for managing the power output level of the PSU.

Furthermore, the embedded microcontroller 108 may also store a lookup table that stores EWMA
output levels related to various time durations and EWMA thresholds for the PSU 102. For
example, if the calculated EWMA for At of 0.1 hours is above 110 centigrade (C), the EWMA
output level may be 15, which relates to current limit to the charger 110 of 1.5x. Similarly, if the
calculated EWMA for At of 0.2 hours is above 100 centigrade (C), the EWMA output level may
be 14, which relates to current limit to the charger 110 of 1.4x. Such dynamic current limit to the
charger 110 allows the maximum power that can be applied to the processor 114 to be increased
opportunistically or dynamically based at least in part on the internal temperature of the PSU 102.
This provides a potential for faster charging of the device 104 and allows providing performance
boost to the processor 114 and other peripherals (such as USB-C) of the device 104.

An example relations between the maximum time durations At, EWMA temperature thresholds,
the EWMA output levels, and the charger limit ILIM1 that determines the PSU power threshold
is illustrated by the lookup Table I that may be stored in a memory of the embedded
microcontroller 108. In one implementation, the maximum time duration and PSU power
threshold (charger current ILIM1) are also designed by PSU reliability guideline and thermal
design in PSU.
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Lookup Table I
EWMA Output | Maximum Duration EWMA PSU Temp | PSU Power
Level (Hours) Threshold Threshold (Charger
Current ILIM1)
16 N/A All EWMA <|1.6x
Thresholds
15 0.1 110C 1.5x
14 0.2 100C 1.4x
13 03 90C 1.3x
12 0.5 80C 1.2x
11 1.5 70C 1.15x
10 Sustaining 60C Ix

Specifically, Lookup Table I illustrates using calculations of various EWMA based at least in part
on internal PSU temperature to dynamically adjust the PSU maximum power. Each EWMA has
a unique time constant, referred to as Tau (7). During the operation, each individual EWMA for
various Taus is correlated with a different PSU internal temperature limit. For example, the
EWMA for 60 second 7 corresponds with an 80C temperature limit and 1.2x PSU rating. Another
EWMA for 30 second T may correspond with 70C temperature limit and 1.1x PSU rating.

Once one of the multiple simultaneously calculated EWMA reaches corresponding temperature
limit associated with a PSU power rating threshold, a target maximum flag is sent to a software
or hardware control algorithm. Thus, for example, if the EWMA calculated for 60 second t
reaches 80C such target maximum flag is sent to a software or hardware control algorithm. In
response, the control algorithm throttles back the components in the platform such as CPU, DGPU,
etc., to hold the desired PSU rating, in this case 1.2x PSU rating. Subsequently, when any of the
EWMAS, for example, the EWMA for 30 second 7 reaches 70C, another flag is sent to the control
algorithm and in response, the control algorithm further throttles back the components in the
platform such as CPU, DGPU, etc., to hold the desired PSU rating, in this case 1.1x PSU rating.
This implementation allows for a gradual step-down approach to limit PSU power rating.
Specifically, in order for the higher PSU power rating to be available again requires operation
periods at lower power level (i.e. lower PSU temperature) to give the EWMAS time to reduce in
their value. The disclosed implementations allow dynamically using higher PSU ratings for
applications like games where higher frame-per-second (FPS) rate may be provided using higher
PSU power rating than prior fixed PSU rating levels with less component throttling, but still within
time-duration based limits at the various PSU power rating.

The EWMA PSU temperature thresholds provided herein may be determined either theoretically
5
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and/or empirically during the manufacturing stage of the device 104. The embedded controller
108 may calculate the actual EWMA for a various time durations as per equation 1 above on a
rolling basis and compare the calculated EWMA to the EWMA PSU temperature thresholds to
determine the EWMA output level and the PSU power threshold charger current ILIM1. Thus, for
example, if all calculated EWMAs are less than their associated EWMA PSU temperature
thresholds, then the EWMA output level is 16, corresponding to charger current ILIM1 to the
charger 110 of 1.6x, thus providing higher PSU output level to the processor 114. Similarly, if the
calculated EWMA for the time period of 0.1 hours is greater than 110C, then the EWMA output
level is 15, corresponding to charger current ILIM1 to the charger 110 of 1.5x.

FIG. 2 illustrates example graphs 200 of a PSU control method disclosed herein using multiple
averages of a measured internal temperature of the PSU. Specifically, the graphs 200 include the
actual measured internal temperature of the PSU, and individual graphs 202-210 each illustrating
a different EWMA moving average of the internal temperature of the PSU, with time t in seconds
shown on the x-axis. Each EWMA moving average has a pre-defined unique time constant Tau
(1), where the Tau of graph 210 is smaller than Tau (7) of graph 208, which is shorter than Tau
(1) of graph 206, which is shorter than Tau (7) of graph 204, etc. Each EWMA moving average
202-210 also has an associated temperature target. When an EWMA average reaches its’ target,
the control system will change to the | PSU EWMA LVL with an associated level, as indicated
with 212b, 212a, etc.

For example, at time of 1000 seconds the | PSU EWMA LVL is already indicated to be at 212b,
because the EWMA average of 206 has already reached its’ threshold of 70C. Once the EWMA
average of 204 reaches its EWMA average of 65C, the ] PSU EWMA LVL will switch to 212a.
The period of operating at the ] PSU EWMA LVL of 212a can be as long as 1.5 hours, or until
the EWMA average of 202 reaches 58C, at which the ] PSU EWMA LVL will be reduced again.
Graph 220 also shows how the system can adaptively change the time duration of maximum
allowed power level (i.e. I PSU EWMA LVL) depending upon PSU power load profile. For
example, if the load seen at the PSU reduces due to reduced system power demands as shown at
time of 3500 seconds, but then resumes again at 3800 seconds, during that period of time each of
the EWMA averages has reduced a different amount. As such, the time required to reach each
target is again different, and the time allowed at higher I PSU EWMA LVL levels is reduced.
This is because the next lower EWMA threshold was reached earlier as the EWMA Tau (7) decays
only shorter time and re-build EWMA up to each threshold. Adaptively changing the time duration
of maximum allowed power level (i.e. | PSU EWMA LVL) depending upon PSU power load
profile in the manner disclosed in FIG. 2 mitigates PSU from getting over-stressed.

FIG. 3 illustrates a PSU control system 300 that adjusts output power based at least in part on

6



10

15

20

25

30

35

WO 2023/154099 PCT/US2022/051027

initial power levels of the PSU. The PSU control system 300 may be implemented on a computing
device 304. In the illustrated implementation, the PSU control system 300 includes a
communication link 320 that communicates between the PSU 302 and a communication interface
306 of the computing device 304. For example, the communication interface 306 may be a USB
Type C power delivery (USBC PD) controller or a Microsoft Surflink communication interface.
The communication link 320 may be used to receive the PSU rating of the PSU 302. The PSU 302
may provide power to a charger 310 of the computing device 304. In one implementation, a
current sense component 324a may sense the current output from the PSU 302 and a voltage sensor
324b may sense the voltage output from the PSU 302, where the sensed current and the sensed
voltage may be used to determine the power output from the PSU 302, also referred to as the
sensed output power of the PSU 302.

Specifically, the communication interface 306 may communicate the sensed output power of the
PSU 302 to an embedded microcontroller 308. The embedded microcontroller 308 may be
configured to implement one or more algorithms for averaging sensed output power of the PSU
302 over different time durations and to dynamically generate a charger current limit 322. The
charger current limit 322 may be communicated as an input to a charger 310 that provides current
to a processor 314. For example, the processor 314 may be a CPU of the device 304, a dedicated
GPU (DGPU) of the device 304, etc.

Furthermore, the embedded microcontroller 308 may also generate a limit threshold based at least
in part on the sensed output power of the PSU and a timer and communicate the limit threshold to
a processor power software manager such as an SMF 312. In one implementation, the SMF 312
use the limit thresholds to generate performance parameters, such as system and component level
power caps, for the processor 314 that may throttle performance of the processor 314.

In one implementation, the embedded microcontroller 308 may receive and store the sensed output
power of the PSU 302 over various time durations and generate weighted moving averages
(WMAs) of the sensed power of the PSU 302 for the various time durations. For example, the
embedded controller 308 may generate WMA s of the sensed output power of the PSU 302 over
rolling durations of 0.1 hours, 0.2 hours, 0.3 hours, 0.5 hours, 1 hour, 1.5 hours, etc. In one
implementation, the embedded microcontroller 308 may generate the WMA as exponential WMA
for various time durations using the equation II provided below:

EWMA=EWMAu + At /1 * (I— EWMA¢w1) I

Here EWMA: is the EWMA at time t, EWMA:; is the EWMA at time t-1, /: is the sensed output
power of the PSU 302 received from the communication interface 306 for time t, At is the time
elapsed between t-1 and t, and 7 is the constant time duration related to the average. For example,

T may be 30 seconds, 60 seconds, 90 seconds, etc.
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Furthermore, the embedded microcontroller 308 may also store a lookup table that stores EWMA

output levels related to various time durations and power thresholds for the PSU 102. For example,
if the calculated EWMA of the sensed output power of the PSU 302 for At of 0.1 hours is above
1.5x PSU, the EWMA output level may be 15. Similarly, if the calculated EWMA of the sensed
output power of the PSU 302 for At of 0.2 hours is above 1.4x PSU, the EWMA output level may
be 14. Such dynamic current limit to the charger 110 allows the maximum power that can be
applied to the processor 314 to be increased opportunistically or dynamically based at least in part
on the sensed output power PSU 302. This provides a potential for faster charging of the device
304 and allows providing performance boost to the processor 314 and other peripherals (such as
USB-C) of the device 304.

An example relations between the maximum time durations At, EWMA sensed power thresholds,
and the EWMA output levels that determines the PSU power threshold is illustrated by the lookup
Table II that may be stored in a memory of the embedded microcontroller 308.

Lookup Table IT

EWMA Output | Maximum Duration PSU Power PSU Power

Level (Hours) Threshold Threshold (Charger
(Isense x Vsense) Current ILIM1)

16 N/A All EWMA <|1.6x
Thresholds

15 0.1 1.5x PSU 1.5x

14 0.2 1.4x PSU 1.4x

13 03 1.3x PSU 1.3x

12 0.5 1.2x PSU 1.2x

11 1.5 1.15x PSU 1.15x

10 Sustaining Ix PSU Ix

Specifically, Lookup Table II illustrates using calculations of various EWMA based at least in
part on sensed output power PSU 302 to dynamically adjust the PSU maximum power. Each
EWMA has a uniquely designed time constant, referred to as Tau (7). During the operation, each
individual EWMA for various Taus is correlated with a different PSU power threshold limits. For
example, the EWMA for 60 second 7 corresponds with a 1.2 PSU rating. Another EWMA for 30
second T may correspond with 1.15x PSU rating.

Once one of the multiple simultaneously calculated EWMA reaches corresponding sensed power
associated with a PSU power rating threshold, a target maximum flag is sent to a software or
hardware control algorithm. Thus, for example, if the sensed power EWMA calculated for 60

second 7 reaches 1.5x PSU such target maximum flag is sent to a software or hardware control
8
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algorithm. In response, the control algorithm throttles back the components in the platform such
as CPU, DGPU, etc., to hold the desired PSU rating, in this case 1.5x PSU rating. Subsequently,
when the next sensed power EWMA, for example, the EWMA for 30 second 7 reaches 1.3x PSU,
another flag is sent to the control algorithm and in response, the control algorithm further throttles
back the components in the platform such as CPU, DGPU, etc., to hold the desired PSU rating, in
this case 1.3x PSU rating.

This implementation allows for a gradual step-down approach to limit PSU power rating.
Specifically, in order for the higher PSU power rating to be available again requires operation
periods at lower power level (i.e. lower PSU temperature) to give the EWMAS time to reduce in
their value. The disclosed implementations allow dynamically using higher PSU ratings for
applications like games where higher frame-per-second (FPS) rate may be provided using higher
PSU power rating than prior fixed PSU rating levels with less component throttling, but still within
time-duration based limits at the various PSU power rating.

FIG. 4 illustrates example graphs 400 of a PSU control method disclosed herein using sensed
output power of a PSU. Specifically, the graphs 400 include individual graphs 402-410, each
illustrating the relation between the calculated PSU output power EWMA with a defined time
constant Tau (7) on the y-axis and time 7 on the x-axis. A time constant is designed per each graph
from 402 to 410 such that maximum sustainable power level (I PSU EWMA LVL)is established
in-between two EWMA thresholds.

For example, as per graph 404, which measures its’ own EWMA with a defined tau (time constant)
in parallel with other EWMA graphs. Once 404 EWMA reaches a corresponding threshold of
temperature, the maximum sustaining PSU power level (i.e. I PSU EWMA LVL ; eg 1.15x
PSU) is allowed up to 1.5 hours until 202 EWMA reaches next lower level threshold. If the
calculated EWMA is above 70 Watt, charger current limit ILIM1 is set such that PSU power is at
1.15x (y-axis on the right) as shown by 412a.

Similarly, as per graph 406, which measures EWMA with own Tau (7) and reaches threshold
temperature, I PSU EWMA LVL is set to 412b and allowed maximum continuous time
durations of 0.5 hours until next EWMA reaches its threshold. Graphs 402, 408, and 410 illustrate,
respectively, Graphs 402, 408, and 410 illustrate, respectively, if the calculated EWMA of sensed
output power is above, charger current limit ILIM1 is set to 1.15x (y-axis on the right) as shown
by 412a.

Graph 420 shows how adaptively change time duration of maximum allowed power level (i.e.
I PSU EWMA LVL) depending upon PSU power load profile. As PSU load 412 lowers such
short time duration in the example, soon the next higher PSU peak power is allowed shorter time

duration of each I PSU EWMA LVL thresholds. This is because next lower EWMA threshold
9
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was reached earlier as the EWMA tau decays only shorter time and re-build EWMA up to each
threshold. Adaptively changing the time duration of maximum allowed power level (i.e.
I PSU EWMA LVL) depending upon PSU power load profile in the manner disclosed in FIG.
4 mitigates PSU from getting over-stressed.
FIG. 5 illustrates example graphs 500 of performance boost achieved using the PSU control
system disclosed herein. Specifically, graphs 500 illustrate maximum power capabilities (PMAX)
on the y-axis at various relative state-of-charge (RSOC) percentages for device battery with and
without dynamic PSU system disclosed herein. For example, graph 502 illustrates the PMAX
capability for the 3s2p Zeus New w/95w PSU that does not have dynamic PSU disclosed herein,
whereas a graph 502a illustrates the PMAX capability for the 3s2p Zeus New w/95w PSU that
has the dynamic PSU disclosed herein. As seen herein, for each values of the RSOC %, the PMAX
capability for the device with dynamic PSU is higher.
Similarly, graph 504 illustrates the PMAX capability for the 3s2p Zeus Aged w/95w PSU that
does not have dynamic PSU disclosed herein, whereas a graph 504a illustrates the PMAX
capability for the 3s2p Zeus Aged w/95w PSU that has the dynamic PSU disclosed herein. As
seen herein, for each values of the RSOC %, the PMAX capability for the device with dynamic
PSU is higher.
FIG. 6 illustrates operations 600 of the PSU control system disclosed herein. One or more of the
operations 600 may be implemented on an embedded controller of a computing device, such as
the embedded micro controller 108 disclosed in FIG. 1. An operation 602 receives internal
temperature of a PSU. Specifically, the operation 602 may receive the internal temperature of the
PSU over a duration of time on a continuous basis. Specifically, the operation 602 receives PSU
internal temperatures continuously at predetermined time intervals.
Operations 604 and 606 run in parallel to continuously determine PSU temperature EWMASs and
to determine if any of the determined PSU temperature EWMAS exceed a threshold associated
therewith. Thus, the operation 604 continuously EWMASs of the internal temperature of the PSU
for the duration of time. For example, the operation 604 may determine the EWMAS using the
equation I disclosed above with respect to FIG. 1. Specifically, the operation 604 is configured to
determine multiple EWMAS, each of the multiple EWMAS correlated to average constant time
duration, referred to as Tau (7). For example, the operation 604 may determine an internal
temperature EWMA for 60 second Tau (7), an internal temperature EWMA for 30 second Tau
(1), etc.
The operation 606, running in parallel with the determining operation 604, determines if any of
the PSU temperature EWMASs exceed a threshold associated therewith. Such temperature

thresholds may be stored in a lookup table in memory of a computing device. For example, the
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temperature threshold associated with T of 60 second may be 80C, the temperature threshold
associated with T of 30 second may be 70C, etc. If operation 606 determines that the calculated
value of the EWMA for one of the multiple EWMASs is higher than the temperature threshold
associated with its corresponding Tau (7), an operation 608 sets a target load maximum flag.
Alternatively, operation 608 may communicate the target load maximum flag to a power software
manager, such as the SMF 112.

Also, an operation 610 limits the PSU power provided to the device components, such as the CPU,
the DGPU, etc. For example, the operation 610 limits the PSU power by limiting the charger
current to a charger providing power to the device components. Furthermore, based at least in part
on receiving the target load maximum flag, at operation 612 the power software manager may
throttle back components in the computing device, such as the CPU, the DGPU, etc., in order to
hold the desired PSU rating associated with the Tau (7). The operations 606 to 612 may be
repeated when the next EWMA, for example, the EWMA for 30 second 7 reaches its temperature
threshold, which may be 70C. The dynamic throttling of the components based at least in part on
calculated PSU internal temperature EWMAs allows providing higher PSU ratings for
applications such as gaming while also allowing for gradual step-down to limit the PSU power
rating.

FIG. 7 illustrates alternative operations 700 of the PSU control system disclosed herein. One or
more of the operations 700 may be implemented on an embedded controller of a computing
device, such as the embedded micro controller 308 disclosed in FIG. 3. An operation 702
determines an initial condition of a PSU. As an example, the initial condition may be PSU internal
temperature, power capability of the PSU, etc. For example, the operation 702 may determine the
power output level of a PSU based at least in part on PSU internal status report based upon PSU
temperature.

Operations 704 and 706 run in parallel to continuously determine PSU condition EWMASs and to
determine if any of the determined initial PSU condition EWMASs exceed a threshold associated
therewith. Thus, the operation 704 continuously determines EWMAs of the internal PSU
condition for the duration of time. For example, the operation 704 may determine the EWMAs
using the equation II disclosed above with respect to FIG. 3. Specifically, the operation 704 is
configured to determine multiple EWMAs, each of the multiple EWMASs correlated to average
constant time duration, referred to as Tau (7). For example, the operation 704 may determine an
initial PSU condition EWMA for 60 second Tau (7), an initial PSU condition EWMA for 30
second Tau (7), etc. In one implementation, the initial PSU condition may be the power output
level of a PSU based at least in part on PSU internal status report based upon PSU temperature.
As an example, based upon PSU temperature, PSU initial rating may be 1.2x only for only 0.5
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hours, instead 1.6x.

The operation 706, running in parallel with the determining operation 704, determines if any of
the initial PSU condition EWMAs, such as calculated value of the sensed output power EWMAGS,
exceed a threshold associated therewith. Such initial PSU condition thresholds may be stored in a
lookup table in memory of a computing device. For example, if initial PSU condition is sensed
output power, the threshold associated with T of 60 second may be 1.5x PSU, the PSU threshold
associated with 7 of 30 second may be 1.4x PSU, etc. If operation 706 determines that the
calculated value of the EWMA for one of the multiple EWMAS is higher than the initial PSU
condition threshold associated with its corresponding Tau (7), an operation 708 sets a target load
maximum flag. Alternatively, operation 708 may communicate the target load maximum flag to
a power software manager, such as the service management facility (SMF) 312.

Also, an operation 710 limits the PSU power provided to the device components, such as the CPU,
the DGPU, etc. For example, the operation 710 limits the PSU power by limiting the charger
current to a charger providing power to the device components. Furthermore, based at least in part
on receiving the target load maximum flag, at operation 712 the power software manager may
throttle back components in the computing device, such as the CPU, the DGPU, etc., in order to
hold the desired PSU rating associated with the Tau (7). The operations 706 to 712 may be
repeated when the next EWMA, for example, the EWMA for 30 second 7 reaches its dynamic
PSU condition threshold by EWMA, which may be 1.5x PSU. The dynamic throttling of the
components based at least in part on calculated PSU condition EWMAs, such as sensed PSU
output level, allows providing higher PSU ratings for applications such as gaming while also
allowing for gradual step-down to limit the PSU power rating.

FIG. 8 illustrates an example system 800 that may be useful in implementing the battery pack
control system disclosed herein. The example hardware and operating environment of FIG. 8 for
implementing the described technology includes a computing device, such as a general-purpose
computing device in the form of a computer 20, a mobile telephone, a personal data
assistant (PDA), a tablet, smart watch, gaming remote, or other type of computing device. In the
implementation of FIG. 8, for example, the computer 20 includes a processing unit 21, a system
memory 22, and a system bus 23 that operatively couples various system components, including
the system memory 22 to the processing unit 21. There may be only one or there may be more
than one processing units 21, such that the processor of a computer 20 comprises a single central-
processing unit (CPU), or a plurality of processing units, commonly referred to as a parallel
processing environment. The computer 20 may be a conventional computer, a distributed
computer, or any other type of computer; the implementations are not so limited.

In the example implementation of the computing system 800, the computer 20 also includes a PSU
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control system 810, such as the battery pack control system disclosed herein. The PSU control
system 810 may communicate with power sources 820 to control the level of power provided by
the power sources 820.

The system bus 23 may be any of several types of bus structures, including a memory bus or
memory controller, a peripheral bus, a switched fabric, point-to-point connections, and a local bus
using any of a variety of bus architectures. The system memory 22 may also be referred to as
simply the memory and includes read-only memory (ROM) 24 and random-access memory
(RAM) 25. A basic input/output system (BIOS) 26, contains the basic routines that help to transfer
information between elements within the computer 20, such as during start-up, is stored in ROM
24. The computer 20 further includes a hard disk drive 27 for reading from and writing to a hard
disk, not shown, a magnetic disk drive 28 for reading from or writing to a removable magnetic
disk 29, and an optical disk drive 30 for reading from or writing to a removable optical disk 31
such as a CD ROM, DVD, or other optical media.

The computer 20 may be used to implement a battery pack control system disclosed herein. In one
implementation, a frequency unwrapping module, including instructions to unwrap frequencies
based at least in part on the sampled reflected modulations signals, may be stored in memory of
the computer 20, such as the read-only memory (ROM) 24 and random-access memory (RAM)
25.

Furthermore, instructions stored on the memory of the computer 20 may be used to generate a
transformation matrix using one or more operations disclosed in FIG. 8. Similarly, instructions
stored on the memory of the computer 20 may also be used to implement one or more operations
of FIG. 4. The memory of the computer 20 may also one or more instructions to implement the
battery pack control system disclosed herein.

The hard disk drive 27, magnetic disk drive 28, and optical disk drive 30 are connected to the
system bus 23 by a hard disk drive interface 32, a magnetic disk drive interface 33, and an optical
disk drive interface 34, respectively. The drives and their associated tangible computer-readable
media provide non-volatile storage of computer-readable instructions, data structures, program
modules and other data for the computer 20. It should be appreciated by those skilled in the art
that any type of tangible computer-readable media may be used in the example operating
environment.

A number of program modules may be stored on the hard disk, magnetic disk 29, optical disk 31,
ROM 24, or RAM 25, including an operating system 35, one or more application programs 36,
other program modules 37, and program data 38. A user may generate reminders on the personal
computer 20 through input devices such as a keyboard 40 and pointing device 42. Other input

devices (not shown) may include a microphone (e.g., for voice input), a camera (e.g., for a natural
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user interface (NUI)), a joystick, a game pad, a satellite dish, a scanner, or the like. These and
other input devices are often connected to the processing unit 21 through a serial port interface 46
that is coupled to the system bus 23, but may be connected by other interfaces, such as a parallel
port, game port, or a universal serial bus (USB). A monitor 47 or other type of display device is
also connected to the system bus 23 via an interface, such as a video adapter 48. In addition to the
monitor, computers typically include other peripheral output devices (not shown), such as
speakers and printers.
The computer 20 may operate in a networked environment using logical connections to one or
more remote computers, such as remote computer 49. These logical connections are achieved by
a communication device coupled to or a part of the computer 20; the implementations are not
limited to a particular type of communications device. The remote computer 49 may be another
computer, a server, a router, a network PC, a client, a peer device, or other common network node,
and typically includes many or all of the elements described above relative to the computer 20.
The logical connections depicted in FIG. 8 include a local-area network (LAN) 51 and a wide-
area network (WAN) 52. Such networking environments are commonplace in office networks,
enterprise-wide computer networks, intranets, and the Internet, which are all types of networks.
When used in a LAN-networking environment, the computer 20 is connected to the local area
network 51 through a network interface or adapter 53, which is one type of communications
device. When used in a WAN-networking environment, the computer 20 typically includes a
modem 54, a network adapter, a type of communications device, or any other type of
communications device for establishing communications over the wide area network 52. The
modem 54, which may be internal or external, is connected to the system bus 23 via the serial port
interface 46. In a networked environment, program engines depicted relative to the personal
computer 20, or portions thereof, may be stored in the remote memory storage device. It is
appreciated that the network connections shown are example and other means of communications
devices for establishing a communications link between the computers may be used.
In an example implementation, software, or firmware instructions for the PSU control system 810
may be stored in system memory 22 and/or storage devices 29 or 31 and processed by the
processing unit 21. Battery pack control system scheme and data may be stored in system memory
22 and/or storage devices 29 or 31 as persistent data-stores.
In contrast to tangible computer-readable storage media, intangible computer-readable
communication signals may embody computer readable instructions, data structures, program
modules or other data resident in a modulated data signal, such as a carrier wave or other signal
transport mechanism. The term "modulated data signal" means a signal that has one or more of its

characteristics set or changed in such a manner as to encode information in the signal. By way of
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example, and not limitation, intangible communication signals include wired media such as a
wired network or direct-wired connection, and wireless media such as acoustic, RF, infrared and
other wireless media.

Some embodiments of battery pack control system may comprise an article of manufacture. An
article of manufacture may comprise a tangible storage medium to store logic. Examples of a
storage medium may include one or more types of computer-readable storage media capable of
storing electronic data, including volatile memory or non-volatile memory, removable or non-
removable memory, erasable or non-erasable memory, writeable or re-writeable memory, and so
forth. Examples of the logic may include various software elements, such as software components,
programs, applications, computer programs, application programs, system programs, machine
programs, operating system software, middleware, firmware, software modules, routines,
subroutines, functions, methods, procedures, software interfaces, application program interfaces
(API), instruction sets, computing code, computer code, code segments, computer code segments,
words, values, symbols, or any combination thereof. In one embodiment, for example, an article
of manufacture may store executable computer program instructions that, when executed by a
computer, cause the computer to perform methods and/or operations in accordance with the
described embodiments. The executable computer program instructions may include any suitable
type of code, such as source code, compiled code, interpreted code, executable code, static code,
dynamic code, and the like. The executable computer program instructions may be implemented
according to a predefined computer language, manner, or syntax, for instructing a computer to
perform a certain function. The instructions may be implemented using any suitable high-level,
low-level, object-oriented, visual, compiled and/or interpreted programming language.

The PSU control system disclosed herein may include a variety of tangible computer-readable
storage media and intangible computer-readable communication signals. Tangible computer-
readable storage can be embodied by any available media that can be accessed by the battery pack
control system disclosed herein and includes both volatile and nonvolatile storage media,
removable and non-removable storage media. Tangible computer-readable storage media
excludes intangible and transitory communications signals and includes volatile and nonvolatile,
removable, and non-removable storage media implemented in any method or technology for
storage of information such as computer readable instructions, data structures, program modules
or other data. Tangible computer-readable storage media includes, but is not limited to, RAM,
ROM, EEPROM, flash memory or other memory technology, CDROM, digital versatile disks
(DVD) or other optical disk storage, magnetic cassettes, magnetic tape, magnetic disk storage or
other magnetic storage devices, or any other tangible medium which can be used to store the

desired information, and which can be accessed by the battery pack control system disclosed
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herein. In contrast to tangible computer-readable storage media, intangible computer-readable
communication signals may embody computer readable instructions, data structures, program
modules or other data resident in a modulated data signal, such as a carrier wave or other signal
transport mechanism. The term "modulated data signal" means a signal that has one or more of its
characteristics set or changed in such a manner as to encode information in the signal. By way of
example, and not limitation, intangible communication signals include signals moving through
wired media such as a wired network or direct- wired connection, and signals moving through
wireless media such as acoustic, RF, infrared and other wireless media.

An implementation disclosed herein provides an apparatus including a power supply unit (PSU)
and a PSU control system stored in the memory and executable by the one or more processor units,
the PSU control system encoding computer-executable instructions on the memory for executing
on the one or more processor units a computer process, the computer process including receiving
internal temperatures of the PSU over a duration of time, determining multiple exponential
weighted moving average (EWMAs) of the internal temperature of the PSU for the duration of
time, comparing the EWMA with a temperature threshold associated with the duration of time,
and based at least in part on determining that EWMA exceeds the temperature threshold associated
with the duration of time, limiting the output power of a charger using a charger current limit input
to the charger. In an alternative implementation of the technology disclosed herein, the computer
process includes receiving an initial condition of the PSU such as sensed PSU power level for a
duration of time, determining multiple EWMA of the sensed PSU power level for the duration of
time, comparing the EWMA with a sensed power level threshold associated with the duration of
time, and based at least in part on determining that EWMA exceeds the sensed power level
threshold associated with the duration of time, limiting the output power of a charger using a
charger current limit input to the charger.

An alternative implementation discloses One or more physically manufactured computer-readable
storage media, encoding computer-executable instructions for executing on a computer system a
computer process, the computer process including receiving internal temperatures of the PSU over
a duration of time, determining an exponential weighted moving averages (EWMA) of the internal
temperature of the PSU for the duration of time, comparing the EWMA with a temperature
threshold associated with the duration of time, and based at least in part on determining that
EWMA exceeds the temperature threshold associated with the duration of time, limiting the output
power of a charger using a charger current limit input to the charger and setting a target load
maximum flag.

A method disclosed herein includes receiving internal temperatures of the PSU over a duration of

time, determining an exponential weighted moving averages (EWMA) of the internal temperature
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of the PSU for the duration of time, comparing the EWMA with a temperature threshold associated

with the duration of time, and based at least in part on determining that EWMA exceeds the
temperature threshold associated with the duration of time, limiting the output power of a charger
using a charger current limit input to the charger and setting a target load maximum flag.

The implementations described herein are implemented as logical steps in one or more computer
systems. The logical operations may be implemented (1) as a sequence of processor-implemented
steps executing in one or more computer systems and (2) as interconnected machine or circuit
modules within one or more computer systems. The implementation is a matter of choice,
dependent on the performance requirements of the computer system being utilized. Accordingly,
the logical operations making up the implementations described herein are referred to variously
as operations, steps, objects, or modules. Furthermore, it should be understood that logical
operations may be performed in any order, unless explicitly claimed otherwise or a specific order
is inherently necessitated by the claim language. The above specification, examples, and data,
together with the attached appendices, provide a complete description of the structure and use of

exemplary implementations.
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Claims

1. A device, comprising:

memory,

one or more Processor units;

a power supply unit (PSU);

a PSU control system stored in the memory and executable by the one or more processor
units, the PSU control system encoding computer-executable instructions on the memory for
executing on the one or more processor units a computer process, the computer process
comprising:

receiving internal temperatures of the PSU over a duration of time;

determining multiple exponential weighted moving average (EWMASs) of the internal
temperature of the PSU for the duration of time;

comparing the EWMASs with temperature thresholds associated with the duration of time;
and

based at least in part on determining that EWMA exceeds the temperature threshold
associated with the duration of time, limiting the output power of a charger using a charger
current limit input to the charger.

2. The device of claim 1, wherein determining the exponential weighted moving
averages (EWMA) of the internal temperature of the PSU for the duration of time further
comprising determining an exponential weighted moving averages (EWMA) of the internal
temperature of the PSU for the duration of time.

3. The device of claim 2, wherein the computer-executable instructions further
comprising determining a plurality of EWMAS of the internal temperature of the PSU for a
plurality of time durations.

4. The device of claim 3, wherein the computer-executable instructions further
comprising storing a temperature threshold lookup table in the memory, the temperature
threshold lookup table including a plurality of EWMA thresholds and a plurality of charger
current limit, each of the plurality of charger current limit related to a combination of one of the
plurality of time durations and one of the plurality of EWMA thresholds.

5. The device of claim 2, wherein the computer-executable instructions further
comprising:

based at least in part on determining that EWMA exceeds the temperature threshold
associated with the duration of time, setting a target load maximum flag; and

throttling back operation of one or more component of the device.

6. The device of claim 1, wherein the computer-executable instructions further
18
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comprising:

determining an initial PSU power level at the startup of the device; and

determining the charger current limit input to the charger based at least in part on the
initial PSU power level at the startup of the device.

7. A method comprising:

receiving internal temperatures of a power supply unit (PSU) over a duration of time;

determining an exponential weighted moving averages (EWMA) of the internal
temperature of the PSU for the duration of time;

comparing the EWMA with a temperature threshold associated with the duration of time;
and

based at least in part on determining that EWMA exceeds the temperature threshold
associated with the duration of time, limiting the output power of a charger using a charger
current limit input to the charger.

8. The method of claim 7, wherein determining the exponential weighted moving
averages (EWMA) of the internal temperature of the PSU for the duration of time further
comprising determining an exponential weighted moving averages (EWMA) of the internal
temperature of the PSU for the duration of time.

9. The method of claim 8, further comprising determining a plurality of EWMASs of the
internal temperature of the PSU for a plurality of time durations.

10. The method of claim 9, further comprising storing a temperature threshold lookup
table in the memory, the temperature threshold lookup table including a plurality of EWMA
thresholds and a plurality of charger current limit, each of the plurality of charger current limit
related to a combination of one of the plurality of time durations and one of the plurality of
EWMA thresholds.

11. The method of claim 9, further comprising:

determining an initial PSU power level at the startup of the device; and

determining the charger current limit input to the charger based at least in part on the
initial PSU power level at the startup of the device.

12. The method of claim 11, wherein determining the initial PSU power level at the
startup of the device further comprising receiving a PSU input current from a current sensor and
multiplying the PSU input current with the PSU voltage level.

13. One or more physically manufactured computer-readable storage media, encoding
computer-executable instructions for executing on a computer system a computer process, the
computer process comprising:

receiving internal temperatures of the PSU over a duration of time;
19
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determining an exponential weighted moving averages (EWMA) of the internal
temperature of the PSU for the duration of time;

comparing the EWMA with a temperature threshold associated with the duration of time;
and

based at least in part on determining that EWMA exceeds the temperature threshold
associated with the duration of time, limiting the output power of a charger using a charger
current limit input to the charger and setting a target load maximum flag.

14. The one or more physically manufactured computer-readable storage media of claim
13, wherein determining the exponential weighted moving averages (EWMA) of the internal
temperature of the PSU for the period of time further comprising determining an exponential
weighted moving averages (EWMA) of the internal temperature of the PSU for the duration of
time.

15. The one or more physically manufactured computer-readable storage media of claim
13, wherein the computer-executable instructions further comprising determining a plurality of

EWMAS of the internal temperature of the PSU for a plurality of time durations.
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INTERNATIONAL SEARCH REPORT

International application No

PCT/US2022/051027

A. CLASSIFICATION OF SUBJECT MATTER
INV. GO6F1/20

ADD.

According to International Patent Classification (IPC) or to both national classification and IPC

B. FIELDS SEARCHED

Minimum documentation searched (classification system followed by classification symbols)
GO6F HO02J GO1K

Documentation searched other than minimum documentation to the extent that such documents are included in the fields searched

EPO-Internal, WPI Data

Electronic data base consulted during the international search (name of data base and, where practicable, search terms used)

C. DOCUMENTS CONSIDERED TO BE RELEVANT

Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

X US 2015/277461 Al (ANDERSON WAYNE G [US]
ET AL) 1 October 2015 (2015-10-01)

paragraphs [0012] - [0059]; figures 1-5

Y JP 5 042396 B2 (MITSUBISHI ELECTRIC CORP)
3 October 2012 (2012-10-03)

paragraphs [0008] - [0071]; figures 1-12-2

Y US 9 500 535 Bl (URBAN BRADLEY DAVID [US]
ET AL) 22 November 2016 (2016-11-22)

column 1, line 58 - column 13, line 42;
figures 1-4

-/—

|__K| Further documents are listed in the continuation of Box C. ‘z‘ See patent family annex.

* Special categories of cited documents :

"A" document defining the general state of the art which is not considered
to be of particular relevance

"E" earlier application or patent but published on or after the international wyr
filing date

"T" later document published after the international filing date or priority
date and not in conflict with the application but cited to understand
the principle or theory underlying the invention

document of particular relevance;; the claimed invention cannot be
considered novel or cannot be considered to involve an inventive
"L" document which may throw doubts on priority claim(s) or which is step when the document is taken alone

European Patent Office, P.B. 5818 Patentlaan 2
NL - 2280 HV Rijswijk
Tel. (+31-70) 340-2040,

Fax: (+31-70) 340-3016 Vertua,

cited to establish the publication date of another citation or other "v* document of particular relevance;; the claimed invention cannot be
special reason (as specified) considered to involve an inventive step when the document is
"O" document referring to an oral disclosure, use, exhibition or other combined with one or more other such documents, such combination
means being obvious to a person skilled in the art
"P" document published prior to the international filing date but later than
the priority date claimed "&" document member of the same patent family
Date of the actual completion of the international search Date of mailing of the international search report
9 March 2023 16/03/2023
Name and mailing address of the ISA/ Authorized officer

Arturo
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Category* | Citation of document, with indication, where appropriate, of the relevant passages

Relevant to claim No.

A

CN 111 130 090 2 (ZHEJIANG DAHUA
TECHNOLOGY CO) 8 May 2020 (2020-05-08)

the whole document

US 2018/067507 Al (NIELSEN GREGORY ALLEN
[US] ET AL) 8 March 2018 (2018-03-08)

the whole document

US 2017/285700 Al (CARTAGENA DANIEL G [US]
ET AL) 5 October 2017 (2017-10-05)

the whole document
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International application No.
PCT/US2022/051027
INTERNATIONAL SEARCH REPORT
Box No.Ill Observations where certain claims were found unsearchable (Continuation of item 2 of first sheet)

This international search report has not been established in respect of certain claims under Article 17(2)(a) for the following reasons:

1. D Claims Nos.:

because they relate to subject matter not required to be searched by this Authority, namely:

2. E Claims Nos.: 6, 11, 12
because they relate to parts of the international application that do not comply with the prescribed requirements to such

an extent that no meaningful international search can be carried out, specifically:
see FURTHER INFORMATION sheet PCT/ISA/210

3. D Claims Nos.:

because they are dependent claims and are not drafted in accordance with the second and third sentences of Rule 6.4(a).

Box No. lll Observations where unity of invention is lacking (Continuation of item 3 of first sheet)

This International Searching Authority found multiple inventions in this international application, as follows:

1. As all required additional search fees were timely paid by the applicant, this international search report covers all searchable
claims.

2. D As all searchable claims could be searched without effort justifying an additional fees, this Authority did not invite payment of
additional fees.

3. As only some of the required additional search fees were timely paid by the applicant, this international search report covers
only those claims for which fees were paid, specifically claims Nos.:

4. D No required additional search fees were timely paid by the applicant. Consequently, this international search report is
restricted to the invention first mentioned in the claims;; it is covered by claims Nos.:

Remark on Protest The additional search fees were accompanied by the applicant's protest and, where applicable, the
payment of a protest fee.
The additional search fees were accompanied by the applicant's protest but the applicable protest
fee was not paid within the time limit specified in the invitation.

D No protest accompanied the payment of additional search fees.

Form PCT/ISA/210 (continuation of first sheet (2)) (April 2005)




International Application No. F’CT/USZOZ2 /051027

FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

Continuation of Box II.2

Claims Nos.: 6, 11, 12

Claims 6, 11 and 12 further define determining the charger current limit
input to the charger based at least in part on the initial PSU power
level at the startup of the device.

It is remarked that this aspect is
described in an embodiment different from the embodiment underlying the
aspect of claim 1 and the description does not define how to properly
integrate the two aspects (Art. 6 PCT).

The applicant's attention is drawn to the fact that claims relating to
inventions in respect of which no international search report has been
established need not be the subject of an international preliminary
examination (Rule 66.1l(e) PCT). The applicant is advised that the EPO
policy when acting as an International Preliminary Examining Authority is
normally not to carry out a preliminary examination on matter which has
not been searched. This is the case irrespective of whether or not the
claims are amended following receipt of the search report or during any
Chapter II procedure. If the application proceeds into the regional phase
before the EPO, the applicant is reminded that a search may be carried
out during examination before the EPO (see EPO Guidelines C-IV, 7.2),
should the problems which led to the Article 17(2) PCT declaration be
overcome.
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Information on patent family members

International application No

PCT/US2022/051027
Patent document Publication Patent family Publication
cited in search report date member(s) date
US 2015277461 Al 01-10-2015 NONE
JP 5042396 B2 03-10-2012 JP 5042396 B2 03-10-2012
JP W02012060207 Al 12-05-2014
US 9500535 Bl 22-11-2016 NONE
CN 111130090 A 08-05-2020 NONE
US 2018067507 Al 08-03-2018 Us 2018067507 Al 08-03-2018
WO 2018044744 A1 08-03-2018
US 2017285700 Al 05-10-2017 CN 108780342 A 09-11-2018
DE 112017001772 T5 20-12-2018
Us 2017285700 Al 05-10-2017
WO 2017172028 Al 05-10-2017
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