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(57) Abstract: Examples disclose an uninterruptible power supply comprising an integrated circuit. The integrated circuit comprises
a charger to charge a battery and an inverter to deliver output power from the battery to a load. The integrated circuit further com -
prises an active filter to reduce input current to the uninterruptible power supply by compensating a power factor corresponding to
input power.
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UNINTERRUPTIBLE POWER SUPPLY WITH INVERTER, CHARGER, AND ACTIVE FILTER

BACKGROUND
[0001]  An uninterruptible power supply is an electnic device which provides power to a load
when a power source may fail. The uninterraptible  power supplies are utihized to mintmize losses

m a data center, compaters, andfor servers.

BRIEF DESCRIPTION OF THE DRAWINGS
(00021 In the sccompanying drawings, like numeraly refer {o like components or blocks. The
followmyg detailed description references the drawings, wherein:
{0003}  FiGo 1 s a block diagram of an example uminterruptible power supply ncluding an
integrated circwrt and battery to receive mput power and deliver oufput power 0 8 load, the
integrated circuit 1s Rather including a charger, an inverter, and an active filter;
(00041  FIG. 2A is a disgram of an example three phase power line for an unmterruptible power
supply including a controller, battery, and ntegrated circuil to receive input power and deliver
output power to load;
[0005]  FIG. 2B is a diagram of an exanple stroctare of an integrated circuit coupled to a battery
through a switch;
[0u06]  FIG. 2C 15 an example data table illustrating vanous conditional events m which a
controller monttors the output power for a specifed threshold;
(00071  FIG. 3 15 a flowchart of an example method to receive an input power by a charger,
deliver output power by an inverter, and compensate a power factor comesponding to the input
power by an active filter;
[0008] FIG. 4 is a flowchart of an example method to recetve an nput power by a charger,
deliver oglput power by an inverter, compensate a power factor correspondmg to the input power by
an active filter, and monitor the output power to detenming whether the output power is above or
below a threshold;
(00091 FIG. 5 is a flowchan of an example method to contemporansously operate at least two of

the following: a charger, an inverter, and an active filter; and
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(00101 FIG. 6 is a block diagram of an example computing device with a processor 1o execute
mstructions in a machine-readable storage medium for receiving input power by a charger,

delivering output power by an mverter, and compensating a power factor by an active filter.

DETAILED DESCRIPTION

(0011}  Uninterruptible power supplies within power systems provide protection from input
power interruptions by supplying energy to loads. The unmterruptible power supply (UPSY may be
emploved with fimctionaliies; however, the UPS may mclude separate conversions of these
fonctionalities.  These functionalities may include but should not limited to, an active filter, a
charger, andior an inverter. These components exist separately frony each other, creating a matal
exclusiveness to each other. For example, the charger may work when the battery needs charging,
but during the charge time, the nverter and and the active filter may not operate since the power
supply mav not be able to support the load. Thus, the UPS may not operate more than one given
function at a given time. Additionally, the UPS may pass the load power factor to the sowrce. Low
load power factor increases input current.  Power factors vary depending on the type of load. Thus,
the active filter is employed as a separate external correction to correct the power factor of the load.
Furthermore, the separation of these components mcreases space and costs of a power system.
[0012]  To address these issues, examples disclosed herein provide an aninterruptible power
supply (UPS) comprising an integrated the circult to receive input power. The integrated cirouit
mchudes a charger to charge a battery, an inverter to deliver output power to a load from a
battery, and an active filter to compensate a power factor associated with the mput power.
Including cach of these components into the integrated circuit provides additional functionality
of the UPS without increasing the cost and space. Further, including each of these components
m the integrated circuit enables the UPS to provide three different functionalities without
addition of separate external components.

[0013]  Additionally, integrating these components into the cireuit enables the UPS to operate
at least two of these components at any given time. This provides a nmaual inclusiveness of the
components 111 which at least two of these components (L., the charger, the mverter, and the

active filter) may operate together as opposed to thiee separate circuts,
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[0014]  In another implementation, the examples provide the imtegrated circuit is to
simultaneously operate at least two of the components together. Operating at least two of the
components (i.e., the charger, the inverter, and the active filter) together, provides an efficiency
feature 10 the UPS so the functions corresponding to cach component may  operate
simulaneously.

[0015]  In a further example, the input power is part of & three-phase input and the charger is a
three-phase charger. Providing the three-phase charger enables the UPS to balance itself when
receiving the inpwt power {e.g., cuttent) among the three phases. For example, the battery
charger may draw its input power from a single phase in a three-phase application, causing an
unbalancing of the mput power among the three phase power lines. In this example, the battery
may receive one-third of the total input power among the three phase power lines and may be
unabie 1o sapport the load. The thres-phase charger enables the UPS to support the {oad with the
three-phase power lines.

[0016]  In a further example, a controller coupled to the UPS monitors the output power
provided to the load. In this example, if the output power is above or below a specified
threshold, the controller either idles the active hilter or operates the active filter to compensate the
power factor associated with the input power. Idling or operating the active filter depending on
whether the output power 1s above or helow the threshold provides an additional management
function 1o the LIPS to operate efficiently in delivering the cutput power.

(00171 In summary, examples disclosed berein provide an unimterruptible power supply
mtegrated with a charger, mverter, and active filter to provide three different functionalities without
increasing the cost and space with three separate external components.  Additionally, the examples
disclosed herein provide a mutval mchssiveness in which at least two of the components {i.e., the
charger, the mverter, and the active hiter) mayv operate together as opposed to three separate

CICHILS.

[0018]  Relfeming now to the figares, FIG. 1 is a block dingram of an example unimterruptible
power supply 104 o provide output power 116 to a load TR when a power source within a power
system may fail, The uninterruptible power supply 104 recetves an input power 102 from the power

source and includes an intergrated cirawt 106 and a battery 114, The mtegrated cirouit 106 mcludes



WO 2014/209274 PCT/US2013/047483

~

Page 4 of 19

a charger 108 to receive the mput power 102 to charge the batterv 114, an active filter 112 to
compensate a power factor associated with the tnput power 102, and an inverter 110 to convert the
divect cuwrent stored at the battery 114 to an alternating current to provide as oufput power 110 to
the load 118,

(O019)  The mput power 102 15 the power transmitted by the power sowrce (not tHustrated) and
received by the uninterruptipble power supply 104, The input power 102 18 an electrical charge
provided to the power supply 104 and as such, may inclnde corrent, voltage, andior electrical
charge. In one maplementation, the wmput power 102 iy alternating cuwvent provided by a vtihity
power source. The uninterruptible power supply 104 receives input power 102 and provides output
power 116 to the load 118, Implementations of the sninterruptible power supply 104 include a
power feed, power source, generator, power circuit, energy storage, electrical power system, or
othey type of power supply capable of receiving input power 102 and providing output power 116 to
the load 118, Further, the anmterruptible power supply 104 may include additional conponents not
tHustrated w FIG. 2. For example, the power supply 104 may inclade a contreller to manage and
contro] the functions and/or operations of the power supply 104. This implementation is described
i detail 1 the next figwre.

[0020]  The integrated circuit 106 is a circuit board integrated with electrical components 108,
110, and 112, The integrated circuit 106 may inchude multple inductors, switches, and capacitors to
provide connections and operations between the charger 108, inverter 110, and active filter 112, In
one implementation, the intergrated circuit 106 may contemporaneously operate at least two of the
components 108, 110, and 112 within an overlapping time penod. For example, the charger may
recetve mput power 102 1o charge the battery 114 while during this time, the active filter 112 may
also compensate a power factor associated with the ipot power 102, In another umplementation,
the intergrated circuit 106 may stmultaneously operate at least two of the components 108, 110, and
112, In this manner, the components 108, 110, and 112 may be mutually inclusive to each other as
the components 108, 110, and 112 may be capable of simultaneous operation with one another.
These implementations are explained in detail in later figures. Integrating each of the electrical
components on the mtegrated cirestt 106 provides each of the functions corresponding 1o the
electrical components 108, 110, and 112 on a circuit board rather than building separate circuits for

each component 108, 110, and 112
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[0021]  The charger 108 receives input power 102 and provides the electrical charge to the
batiery 114, The charger 108 is pant of the infegrated circuit 106 and is used to charge the batiery
114 by directing an electrical current to the battery 114, In one implementation, the charger 108
recetves the input power 102 as alternating current and converts it 18 divect current to charge the
battery 114,

[0022]  The iwverter 110 15 an electrical power converter as part of the integrated circuit 106
internal to the uninterroptibile power supply 104, In one implementation, the battery 114 stores the
electrical charge received by the charger 108 as direct current which the mverter 110 recetves this
direct cwrrent and converts it into alternating current which is delivered as the ootput power 116 to
the load 11%.

(00231  The acuve filter 112 utilizes active elecirical components, such as an amphifier to
compensate a power factor {(not tlustrated) associated with the japut power 102 received by the
charger 108, The active component 15 an slectrical component that may produce energy andfor
power gan. In this manner, the active filter 112 uses active electrical components to compensate
the power factor. The power factor 1s indicator of the efficiency of a power system. The power
factor 15 associated with the input power 102 as the active filter obtains measwrements of the
current and voltage correspondmg to the nput power 102 1o determing the power factor. In one
implementation, the active filter 112 reduces the mput power {e.z., current) to the uninterruptible
power supply 104 by compensating the power factor.

[0024]  The battery 114 15 an electrical component internal to the uninterruptible power supply
104 to store a charge from the charger 108 and provide the charge {o the wverter 110, The battery
114 utihizes elecro-type chemical cells to store and provide the electrical energy and as such,
implementations of the battery 114 inchide a non-rechargeable battery, rechargeable batlery,
electro-chemical battery, mechanical battery, or other type of electiical energy storage component
capable of receiving electrical charge from the charger 108 and providing the electrical charge to the
inverter 110 for transmmission to the foad 118,

(0025 The omtput power 116 s delivered by the inverter 110 from the battery 114 to the load
118, The load 118 may utilize power different from the wput power 102 thus the mtegrated ciroust
106 may process the faput power 102 to generate the output power 16 to provide the load 118

The ontput power 116 13 an electrical charge provided by the power supply 104 (o the load 118 and
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as such, may include current, voltage, and/or elecirical charge.  In one implemeantation, the power
stored by the battery 114 may include a direct cuvent, thus the jnverter may convert the direct
current to alternating current as the output power 116 to the load 118,

[0026]  The load 118 s part of the power systemn and recerves output power 116 from the
uninterruptible power supply 104, The load 118 may include a data center, computer, andior
server in which to recetve the output power 116 from the uninterruptible power supply 104 to
minimize losses in an occerance of an interruption of power from the power sowrce {not
ilustrated)}. Implementations of the load 118 include an electrical circwt, electrical impendance,

or other type of computing circuit capable of receiving output power 116.

(00271 FIG. 2A 15 a block diagram of an example three phase power line 218 for an
uninterruptible power supply 104 1o receive mput power and deliver output power to 2 load 118
The winterruptible power supply 104 includes a controller 216 1o manage functions and operations
of the power supply 104, a battery 114 to receive a charge through a switch 220 from the integrated
circuit 106, The integrated circuit 106 includes an active filter 112, a charger 108, and an mverter
H10as in FIG. 1. In one implementation, the controller 216 coupled to the the mtegrated circwt 106
contemporaneously operates at least two of the electrical components 108, 110, and 112, In another
tmplmentation, the controller 216 simaltancously operates at least two of the electrical components
108, 110, and 112 together. These implementations are described in detatl n later figwes. The
mternal electrical connections of the aninterruptible power supply 106 between each of the
electrical components 108, 110, and 112 are idlustrated 1 FIG. 2B

[0028]  The three phase line 218 includes three separate conductors to carry wput power from a
power source {not illustrated) 1o the vninterraptible power supply 104 and {o deliver outpul power
from the uninterruptible power supply 104 to the load 118, In this manner, gach conductor 15 bi~
directional with the uninterruptible power supply 104, as the power sapply 104 mayv both receive
input power and transnut output power on each of these conductors of the three phase power lines
218, The bi-directional featore is indicated with the bi-directional arrows from each conductor to
and from the integrated cireust 106, The bi-directional feature elinunates the need for separate
conductors for each electrical component 108, 110, and 112, Each of the conductors as part of the

three-phase power hines 218 provide alternating cwrrents and voltages that are offset m time by one-
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third of a period of ume. For example, a magaitude of voltage from one conductor may be offset
i time from a magnitude of voltage from a second conductor. This may cause issues if the
charger internal to the integrated circuit 106 may draw mput power from a single phase among the
three-phase power lines or conductors as this may cause unbalancing of power, For example, for a
20 kilowatt vinterruptible power supply 104, there may be 20 kilowatts supplied to the load 118§, but
the battery 114 may deliver 2 kilowatts (1710} of the total output power because the charger may
have drawn input power frony one of the phases. This may additionally cause power factor issues.
Thus, the controller 216 may monitor the output power for a specified threshold to ensure the power
supply 104 1s operating with minimal losses.

[0029]  The controller 216 manages the functions and operations of the uninterruptible power
supplv 104, Further, the controller 216 is coupled to the inteprated circuit 106 and the battery 114
to manage the charger, the inverter, the active filter, and the battery 114, Althopgh FIG 24 may
not tlustrate this conpling, this was done for illustration purposes and not for linuting purposes. For
example, the controller 216 may be coupled to the integrated circuit 106 through an electrical
connection (not illustrated). In one implementation, the controller 216 monitors the output power
provided by the power supply 104 and as such, the controller 216 may signal to the active hlter
whether to compensate a power factor or remain idle. This implementation is described in detail
in later figures. Dplementations of the controller 216 include a processor, circnit logic, a set of
mstructions executable by a processor, a microchip, chipset, electronic ciroull, MICTOPIOCESSOT,
senuconductor, microcontroller, central processing unit (CPLU), or other device capable of managing
the integrated circut 106 and the battery 114,

[0030]  The switch 220 comnects the battery 114 to the itegrated circuit 106, In one
implementation, depending on which component (1.e., the charger, the mverter, andfor the active
filter} the unitnerruptible power supply 104 operates, the controller 216 may transinit a signal to the
switch 220 1o connect andfor disconnect accordingly. For example, the controller 216 may transmit
a signal to conuect the switch 220 between the integrated circuit 106 and the battery 114 as the
charger may charge the battery 114 while the inverter also provides outpur power to the load 118
Implementations of the switch 220 inchude an electromechamical device, electrical device, switching
voltage regulator, transistor, relay, logic gate, binary state logic, or other type of electrical device

that may connect the battery 114 to the integrated circut 106
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[0031] FIG. 2R i a block diagram of example integrated cirenit 108 coupled to the battery
114 through the switeh 220, Specifically, FIG. 2B illustrate the internal electrical elements to the
integrated circuit 106 to comprise the charger, the inverter, and the active filter. As tlustrated in
FIG, 2B, each bi-directional conductor is receieved by the integrated circuit 106 at an mductor
and through a seres of switches, When these switches are connected, the capacitor on the left
side of the integrated civcuit 106 receives an electrical charge to charge the battery 114 once the
switch 220 15 connected.  Although FIG. 2B iHustrates the integrated circuit 100 as including
multiple indactors connected i senies with multiple switches and a capacitor, this was done for
itlustration purposes and not for imiting implementations. For example, the integrated circuit
106 may include multiple capacitors andfor transistors which are not tllustrated. Rather, FIG. 2B

iflustrates a sumplified mfrastructure implementation for the integrated cueuit 106

(00321 FI1G. 2C 1s an example data table illustrating various conditional events in which the
controlier 216 monitors the output power for a specified threshold. The specified threshold is
itlusirated as the ontput power column under the various conditions. At the left of the table are each
of the numbered conditional events that may ocenr and in turn the operation of the uninterruptible
power supply 104, Each of these conditions are performed by the integrated circont 106 with the
charger, the mverter, and the active filter.

[0033]  For example, during a first condition, the powser supply 104 receives mput power, the
battery 114 may mndicate no charge, while there may be multple levels of output power. Tlus
condition Hustrates when the battery 114 may need to charge through the charger and thus the other
components {1.e., the active filter and the verter) may remam idle. During the second condition,
the load 118 nay mclude a certain percentage that might decrease the power factor or the output
power is below the specified threshold.  In the second condtion, the active filter may opermte to
compensate the power factor while the mverter and the charger may remain idle. During the third
condition, the cutput power is above the specitied threshold, thos the power factor may indicate to
the uninterrpptible power supply 104, the power system is efficiently operating and thas the

electrical components {(1e., the charger, the inverter, and the active filter) may remam idle. During
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the fourth condition, the input power may be lost, thus the mverter mav operate while the other

active components {1.e., the charger and the active filter) remain idle.

[0034]  FIG. 3 15 a flowchart of an example method 1o receive an mput powser by a chavger,
dehiver output power by an verter, and compensate a power factor corresponding to the wput
power by an active filker, The charger, the inverter, and the active filter are integrated on a circuit
within an ppinterraptible poswer supply. Integrating cach of these functionalities on the integrated
circnit provides additional functionalities to the uninterruptible power supply without increasimg real
estate and cost. Further, this also enables the uninterruptible power supply to operate two or more
functionalities at a given time.  In discussing FIG. 3, references may be made to FIGS. 1-2C o
provide contextual examples.  Further, although FIG. 3 is descnbed as implemented the
unirterruptible power supply 104 as m FIG. 1, & may be executed on other suitable components.
For example, FIG. 3 may be implemented in the form of executable instructions on a machine
readable storage mediom, such as machine~readable storage mediam 604 as w FIG. 6.

[0035] At operation 302, the charger receives input power from a source. The input power i3
used to charge a battery within the aminterraptible power sopply.  In one implementation, the
input power may include alternating cwrrent, so the charger may convert the alternating current
to divect current for the battery to charge. Charging the battery enables the uninterruptible power
supply to provide output power to a load if a power source within a power system may fail.
[0036] At operation 304, the mverter delivers ouwtpnt power from the battery charged at
operation 302 to the load. In one implementation, the mverter may convert the direct current
from the battery to alternating current to supply to the load. In snother implementation,
operation 306 may occur prior to operation 304

[O0371 At operation 306, the active filter compensates a power factor corresponding to the
mput power received at operation 302, The active filter uses active components, such amplifiers
to compensate the power factor, thereby reducing the input current by the unintervuptible power
supply.  The power factor 1s an indication of how efficiently the uninterruptible power supply
andfor the integrated circpit may be operating. The power factor s measured from both the
voltage and current from an mput.  In an ideal operation, both the measurement and current

follow the same path, such as sine wave and the power factor would be around one. If etther of
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these measurements are out of phase, this affects the power factor which may increase or
decrease.  This provides efficient use in which to monitor and/or correct the operation of the

integrated circuit to receive and provide power.

HO038)  FIG. 4 s a flowchart of an example method, executable by an aninterruptible power
supply, 1o recetve input power, debiver output power, and compensate g power factor
corresponding to the input power. Additionally, the method of FIG. 4 monitors the output power
to determine whether the output power is above or below a particular threshold. If the outpt
power is above the threshold, a controller coupled to the wninterruptible power supply idles an
active filter. If the output power is below the threshold, the active filter compensates the power
factor. In discussing FIG. 4, references may be made to the components FIGS. 1-2C to provide
contextual examples.  Further, although FIG 4 is described as implemented the uninterruptible
power supply 104 as 1o FIG. 1, it may be executed on other suitable components.  For exanple,
FIG. 4 may be implemented in the form of executable mstructions on a machine readable storage
medium, such as machine-readable storage medium 604 as in FIG. 6. Each of the operations
402-406 are performed by an elecirical component, such as the charger, the mverter, and the
active filter. Fach of these components are integrated on a circuit fogether within the
aninterroptible power supply and as such, operations 402-414 are considered the functions
performed by each of these electrical components from within the uninterruptible power supply.

(00397 At operation 402, the charger receives mput power from a power source to charge a
battery miemnal to the unminterruptible power supply. At operation 404, the overter, coupled to
the battery, delivers output power to @ load. The battery is charged at operation 402 for the
inverter to recetve the power 1o dehiver to the load. In one implementation, the charger receives
alternating current and converts ® to direct current 1o charge the battery. Once the battery
receives the direct current, a switch may close {o direct the path of current to the mverter. The
inverter may receive the direct current and convert fo alterating current to deliver to the load.
At operation 406, the active filter compensates the power factor associated with the input power
received at operation 402, Operations 402-406 may be stvlar . functionality o operations 302-

306 as i FIGL 3.
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(00401 At operation 408, a controller internal 1o the uninterruptible power supply monitors the
output power to determine if the output power is below a specified threshold. The threshold may
be specified according to power regulations limits which may include a maximum and a
mintnwm hmit of output power.  The maximum and mintnmum hinits of power ensure the
uninterraptible power supply 18 efficienily operating withouwt cavsing damage and/or under
utilizing resources, in one implementation, the threshold may be set by an administrator of g
power systermn.  The method proceeds to operations 410412 depending on whether the output
power is above or below the specified threshold. In one implementation, if the output power is
above the threshold, the method proceeds to operation 410, In another implementation, if the
output power is below the threshold, the method proceeds to operation 412.

[0041] At operation 410, if the output power is above the specified threshold, the controller
trapsmits a signal o the active filter to idle. In one maplementation, the active filter may power
down.

(00421 At operation 412, if the outpug power is below the specified threshold, the controller
transmits a signal to activate the active filter. The active filter may then compensate the mput
power factor to ensure the voltage and current associated with the inpot power are in phase with

one another,

(00431 FIG. 5 s a flowchart of an example method to comtemporansously operate at least two
of the following: a charger, an inverter, and an active filter. Each of these electrical components are
mternal to an unmierruptible power supply and as such, may be integrated ou a simgle miegrated
cireuit. This mntegrated circuit may be managed by a controller internal to the power supply. The
controlier manages the functions and operations of the uninterraptible power sapply. In discussing
FIG. 8, references may be made to the components FIGS. 1-2C to provide contextual examples.
Further, although FIG. 5 15 described as implemented the oninterruptible power supply 104 as in
FIG. 1, # may be executed on other suitable components. For example, FIG. § may be
implemented m the form of executable instructions on a machine readable storage medivm, soch
as machine-readable storage medivm 604 as in FIGL 6

[0044] At operation 502, the controller coupled to the unmterruptible power supply

contemporaneously operates at least two electnical components on the integrated circut.
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Contempraneously operating at least two electrical components refers to the operation of the at
least two electrical components within an overlapping time peniod. For example, the controller
may operate the active filter 112 to compensate an input power factor and also operate the
charger 108 within the same overlapping time to charge the bastery 114 as in FIG. 1.
Contempraneoasly operating at teast two elecivical components, the method proceeds to operate
at least two operations 504-508. In this regard, the electrical components corresponding to
operations 304-508 mayv be operated by the controller within the same period of time. In one
implementation, the controller mayv proceed to simultaneously process at least two of the
operations 304-308 for fuonctioning the corresponding elecirical components.  In another
mmplementation, operating at least two of the electrical components corresponding to operations
S04-308 provides a mutual inclusiveness of these components to each other.  Mutual
mclastveness mncludes the functioning of two of the components happeming at or near the same
period of time. This enables at least two of the operations 304-508 1o oceur in a smnitaneous
manner. Including the simultaneous operation of the active filter, charger, and inverter enables
the uninterruptible power supply to operate in an efficient manner to deliver power in a near
mstantaneous mamer 1o a load without minimal interraptions 1n a power system.  In a further
implementation, the controller may operate the charger at operation 504 sinmiltaneously with the
active filter at operation 508, In yet a further unplementation, the controller may operate the
charger at operation 504 simultaneously with the inverter at operation 506, Yet sull in another
nnplementation, the controller may operate the charger at operation 504, the wmverter at operation
506, and the active filter at operation 508 simultaneousty with one another.

[0045] At operation 504, the controller mav operate the charger o receive the input power 1o
charge the battery. The input power may be provided by an electrical olihty source that
distributes electricity through & transmission line. In one implementation, the charger coupled to
the uninterruptible power supply may receive the input power through a three-phase transmission
line or conductors. The three-phase transmission conductors include at least three conductors to
carry eleciricity between a power source to the unimerruptible power supply.  Each of the
conductors provides alternating curvent and voltages that are offset in time by one-third of a
period of time. For example, a magnitude of voltage from one conductor may be offset m time

from a magnitude of voltage from a second conductor. In another implementation, the conductor
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coupled to the uninterruptible power supply used to receive the mput power may also deliver the
output power at operation 308, In this regard, the transmission hine is considered a bi-directional
conductor that may both receive and provide power from the power supply. In a further
iplementation, the charger receives input power in the the form of alternating current and
converts the alternating cwrent to direct current for use by the battery.  The battery stores the
power from the charger for use by the inverter at operation 308 1o provide to the load.

[0046] At operation 506, the controller may operate the inverter to deliver output power from
the battery 1o the load. The battery mav store power from the charger until 3t reaches a particular
threshold at which point the mverter will use the power to deliver on the conductor o the load.
The inverter 15 an electrical power converter which changes divect current into alternating
current.  The converted alternating current may include multiple voltages and frequencies with
the use of appropriate transtormers, swilching, and control circwts. In one implementation, the
power provided by the battery to the inverter i1s i the form of direct current which the mverter
may convert to alternating cuwrrent for use by the load. In another implementation, the inverter
converts the battery voltage {i.e., stored voltage) into a voltage for use by the load.

[0047] At operation 508, the controller may operate the active filter to compensate the input
power factor corresponding to the input power recgived at operatton S04, The active filter is a
type of analog electronic filter that uses active components, such as an amphifier to compensate a
power factor associated with the input power received at operation 304, The power factor is an
mdicator used by the power supply to determine how efficiently the power system may be
operating to supply power {o the load. The power {actor is measured from both the current and
voltage of the input power received at operation 504, In this manner, the power supply may also
inchude a meter andfor sensor to measure the voltage and current.  In another implementation, the
power factor of alternating current power system is the ratio of real power to apparent flowing to
the foad. The power factor is a dimensionless value between negative to positive one. Due to
energy stored at the load and returned to the source of input power or due to a non-linear laod
that distorts the wave shape of the current andfor voltage drawn from the power source, there
may be a distortion of the curvent andfor voltage received by the power supply. For the power
supply to operate in an efficient manner, the power factor may be as close to one indicating the

power system efficiency. Thus, the active filter may adjust the power factor to reach one so the
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power system operates with minimal fosses. In another unplementation, the active filter reduces
the mput power {e.g., current) received by the unimerruptible power supply to compensate the

%

power factor.

HO048]  FHG. 618 a block diagram of computing device 608 with a processor 602 to execute
wstructions  606-624 within a machine-readable storage medium 604, Specifically, the
computing device 600 with the processor 602 is to receive input power, deliver outpat power, and
compensate a power factor.  Although the computing device 600 mcludes processor 682 and
machine-readable storage medium 604, it may also inclade other components that would be suitable
to one skilled in the art. For example, the computing device 600 may inclnde the integrated circuit
106 andfor the battery 114 as i FIG. 1. The computing device 600 is an electronic device with the
processor 602 capable of executing mstructions 606-634, and as such emwbodiments of the
computing device 600 inclade a computing device, mobile device, client device, personal computer,
desktop computer, laptop, tablet, video game consele, or other type of electromic device capable of
executing instructions 606-624.  The instructions 606-624 nwy be implemented as methads,
functions, operations, and other processes implemented as machmne-readable instroctions stored on
the storage medium 604, which may be non-transitory, such as hardware storage devices {e.g.,
random access memory (RAM), read only memory (ROM), crasable progranunable ROM,
electrically erasable ROM, hard drives, and flash memory).

(00491 The processor 602 mayv fetch, decode, and execute instructions 606-624 1o receive input
power, deliver ouiput power, and compensate a power factor accordingly. In one implementation,
once executing instructions 600-610, the processor may then execute instructions 620-624. In
another umplementation, once exccupting nstructions 600-010, the processor 602 nwy also
stmultaneousty gxecute instructions 612-618.  Specifically, the processor 602 executes instructions
606-010 to: recetve input power from a source, the input power is used by a charger for charging a
battery; then delivering output power from an mverter coupled to the battery, the output power is
provided to & load; and compensating a power factor by an active filter, the power factor
corresponds to the input power and 15 used to reduce the mput current o an uninterropuble power
supply. The processor may then execute instructions 612-618 to contemporsneously operate at least

two of the following: the charger to power the battery; an inverter to convert power from the battery
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from alternating current to direct current for providing 1o the load; and the active filter to
compensate the power factor corresponding to the input power.  Once executing instructions 606+
610 andfor instructions 612-618, the processor 602 may execute instructions 620-624 to: momtor
the ouiput power provided to the load to determine if the power is above or below a specified
threshold; if the output power 1s below the specified tweshold, the active filter may compensate the
power factor to reduce nput current received by the wumterruptible power supply; if the output
power 1s above the specified threshold, the controller managing operations of the uninterruptible
power supply idles the active filter.

[0050]  The machine-readable storage mediwm 604 includes instructions 606-624 for the
processor o fetch, decode, and execute.  In another embodiment, the machine-readable storage
medium 604 mav be an electronic, magnetic, optical, memory, storage, flash-drive, or other
physical device that contains or stores executable instructions.  Thus, the machme-readable storage
medium 604 may mclude, for example, Random Access Memory (RAM), an Electrically Erasable
Programmable Read-Only Memory (EEPROM]}, a storage drive, a memory cache, network storage,
a Compact Disc Read Only Memory (CDROM) and the like. As such, the machine-readable
storage medium 604 may inclade an apphcation andior Hrmware which can be utilized
independently andior i conjuaction with the processor 602 to fetch, decode, andior execute
wstructions of the machine-readable storage mediom 604, The application and/or firmyware may be
stored on the machine-readable storage medium 604 andior stored on another location of the
computing device 600.

{0051}  In sumwmary, examples disclosed herem provide an onmtervuptible power supply
integrated with a charger, inverter, and active filter 1o provide three different functionalities without
increasing the cost and space with three separate external components. Additionally, the examples
disclosed herem provide a mutual melusiveness in which at least two of the components (1.e., the
charger, the inverter, and the active filter) may operate together as opposed to three separate

circutts.
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CLAMS
I clainy
i An uninterruptible power supply comprising:

an integrated circuit further compuising:
a charger, coupled to an input power and a battery, to charge the battery;
an inverter, coupled to the battery and a lpad, to deliver cutput power from the
battery to the load; and
an active filter to reduce mput current to the uninterraptible power supply by
compensating g power factor corresponding to the input power.
2. The wunterruptible power supply of clanm 1 wherein the integrated circuit is 1o

contemporaneously operate at least two of the following: the mverter, the charger, and the active

filter.
3. The aninterraptible power supply of claim | further comprising:

the battery to provide the output power to the mverter for delivery to the load.

4. The uninterruptible power supply of claim 1 wherein the input power a three-phase mput

and the chargey is a three-phase charger.

5. The uninterraptible power supply of claim 1 further comprising:
a controlier to monitor the cutput power, wherein if the output power is below a

threshold, the controlley is 1o idle the active filter,

6, The aninterruptible power supply of claim § wheremn if the ootpot power 18 gbove the

threshold, the controller is to operate the active filter to compensate the power factor.

7. The uninterruptible power supply of claim | further comprising:

a bidirectional line to provide the iaput power to the inverter and to deliver the output
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power from the inverter to the load.

8. A non-transitory machine-readable storage mediun: encoded with instructions executable
by a processor of a computing device, the storage medinm comprising instructions (o

receive input power, by a charger, to charge a battery within an anmiterruptible power
supply;

deliver output power, by an inverter coupled to the battery, to a load; and

reduce input cwrrent to the uninterruptible power supply by compensating a power factor
corresponding to the input power by an active filter, wherein the charger, the tnverter, and the
active filter are integrated on a circuit within the unmterruptible power supply and are mutually

mclusive,

9. The non-transitory machine-readable storage mediun mcluding the structions of clam
8§ and further comprising imsiractions to:
contemporaneously operate at least two of the following: the mverter, the charger, and

the active filier.

10, The non-transitory machine-readable storage medium mcloding the instructions of clam
8 further comprising mstructions
monitor the output power to determine whether the output power is below a threshold;
compensate the power facltor corresponding to the mput power, by the active filter, based
on g deternunation the output power 1s below the threshold; and

idie the active filter, based on a determination the output power 15 above the treshold.

. A wmethod, execuable by an pninterraptible power supply, comprisimg;

receiving, by a charger, an input power to charge a battery;

dehvering, by an inverter, output power from the battery to a load; and

conmpensating, by the active filter, a power factor corresponding to the mput power o
reduce input current to the uninterruptible power supply, wherein the charger, the inverter, and

the active filter are mutaally inchusive to each other.
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12, The method of clatm 11 further comprising:
integrating the charger, the mverter, and the active filter on a circuit board within the

uninterruptible power supply.

13, The method of claim 11 wherein the mutual inclusiveness of the charger, the mverter, and
the active filter includes contemporaneously operating at least two of the following: receiving the

input power, delivermg ouiput power, and compensating the power factor.

i4. The method of claim 11 further comprising:
monitoring the output power to determine whether the cutput power is below a threshold;
compensating the power factor associated with the inpuat power based the determmation

the cutput power 15 below the threshold.

15, The method of claim 11 wherein upon a determination the ontput power is above the
threshold, the method further comprising:

idling the active filter,
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