VERY LOW VOLTAGE POWER DISTRIBUTION FOR MOBILE DEVICES
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application claims the benefit of U.S. Provisional Application No.
60/685,915, filed on May 31, 2005 and U.S. Provisional Application No.

60/708,903, filed on August 17, 2005. The disclosures of the above
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OF THE INVENTION [0002] The present invention relates to power

distribution systems for _mobile computing devices, and more particularly

to low voltaég{ %%%H@%@%Q&&TMWM&H@Névices.
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Laptop weight and size are also important design considerations. [0004]
Advancements in semiconductor technology are leading to both longer
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[0002] The present invention relates to power distribution systems for

mobile computing devices, and more particularly to low voltage power distribution

systems for mobile computing devices.

BACKGROUND OF THE INVENTION

[0003] Mobile digifaf computing devices or (“mobile computing
devices”) such as laptop computers, personal digital assistants (PDAs), MP3
players, video recorders, cameras and/or other mobile computing devices are
steadily increasing in popularity. Laptop computers in particular offer increased
mobility as compared to desktop computers. Laptop computers are powered by
a battery pack that typically includes batteries that are connected in series.
Battery life between charging is one important design consideration. Laptop
weight and size are also important design considerations.

[0004] Advancements in semiconductor technology are leading to both

longer battery life and improved laptop performance. Despite recent



computers and other mobile computing devices do not efficiently make
use of the maximum available energy from the battery pack. [0005] Du_e
to customer preferences, increasing battery life by increasing battle.ry size
and/or weight are generally not acceptable. Therefore, battery efficiency
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operating current, which reduces I°R loss or losses due to parasitic distribution
resistance. Typical laptop computers operate using a battery voltage between
10.8V nominal (12.6V maximum) and 18V nominal (21V maximum). For
example, a stack of three to five lithium ion (LiOn) batteries that are connected in
series may be used as a voltage source in laptop corhputers.

[0006] Energy loss due to parasitic distribution resistance is not the
sole cause of battery inefficiency in laptop computers and other mobile
computing devices. In particular, conversion loss also occurs when converting
high battery voltages to voltages that are low enough for use by certain types of
semiconductor devices. Conversion loss is also a significant cause of battery

inefficiency. For example, a DC/DC converter that converts 12V battery voltage

to 1V supply voltage (i.e. 12:1) may have a conversion loss of approximately 12-



voltage (i.e. 4:1) may have a conversion loss of approximately 5-10%.
SUMMARY OF THE INVENTION [0007] A distributed power source for a
mobile computing device comprises a first distributed load center having
first and second load terminals and including at least a first distributed

25tpad. /A srsond distiuie Ipad Gener:baying firsk %;@?%@r 4 1V supply

terminals and including at least a second dlstrlbut
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and supplies power to the first and second Ioa ter rst
distributed load center. A second distributed power source includes a
second battery that is directly connected and supplies power to the first

and second load terminaishthe sgeandmdisiipitedpad center. [0008] In

other features, the first and second load terminals of the first distributed
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second distributed load center, respectively. The first and t second
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and second batteries. A first battery pack includes the first battery and a
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first distributed load and the second distributed load is selected from a
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first connection between first terminals of the first and 3 second batteries
coand@esecont sopniestipoketean Serand RIS PLIAE terminals of the first
distributed load center. A second distributed power source includes a second
battery that is directly connected and supplies power to the first and second load
terminals of the second distributed load center.

[0008] In other features, the first and second load terminals of the first
distributed load center communicate with the first and second load terminals of
the second distributed load center, respectively. The first and the second
batteries include Lithium lon batteries. A battery pack includes the first and
second batteries. A first battery pack includes the first battery and a second
battery pack that includes the second battery. At least one of the first distributed
load and the second distributed load is selected from a group consisting of a
central processing unit (CPU), a memory, a graphics processing unit (GPU), a
hard disk drive (HDD), and a DVD drive. A battery pack includes the first battery,

the second battery, and a first connection between first terminals of the first and



second batteries. [0009] In other features, a motherboard provide_s
connections between first terminals of the first and second batteries and
between second terminals of the first and second batteries, The '
connections include first metal stiffeners that connect the first terminals of
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mobile computing device. [0011] In other features, a first converter
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to the first distributed load center. The DC/DC converter IS one 0
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receives a third voltage from the first battery and outputs a fourth voltage
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DC/DC converter receives a first voltage from the rst battery and outputs
matisedurmaraoltage. A second DC/DC converter receives the second
voltage from the first DC/DC converter and outputs a third 4

[0010] In other features, the first battery has a first capacity and the
second battery has a second capacity. The first battery pack has first physical
dimensions and the second battery pack has second physical dimensions, and
wherein at least one of the first physical dimensions is different than at least one
of the second physical dimensions. The first battery pack is located remotely
from the second battery pack in the mobile computing device.

[0011]  In other features, a first DC/DC converter receives a first voltage
from the first battery and outputs a second voltage to the first distributed load
center. The DC/DC converter is one of a step-down converter and a step-up
converter. A second DC/DC converter receives a third voltage from the first
battery and outputs a fourth voltage to the second distributed load center.

[0012]  In other features, a first DC/DC converter receives a first voltage
from the first battery and outputs a second voltage. A second DC/DC converter

receives the second voltage from the first DC/DC converter and outputs a third



voltage to the first distributed load center. The first DC/DC converter is a
step- down converter and the second DC/DC converter is a step-up

converter. The second DC/DC converter is a 1:n converter. At least one
of the first battery and the second battery includes a universal serial bus
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batteries. The first DC/DC converter operates at a first frequency an
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than the first frequency. [0014] In other features, the mobile computin
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communicates with said CPU, an interface that communicates with said
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interface, [0015] A distributed power source for a mobile compu evice
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terminals for

selectively disconnects at least one of the first and second terminals of the
second battery. A short circuit detecting module communicates with at least one
of the first and second contactors, detects a short circuit in at least one of the first
and second batteries and selectively disconnects at least one of the first and
second batteries. The first DC/DC converter operates at a first frequency and the
second DC/DC converter operates at a second frequency that is different than
the first frequency.

[0014] In other features, the mobile computing device comprises a
central processing unit (CPU), memory that communicates with said CPU, an
interface that communicates with said memory and said CPU and a display that
communicates with said interface.

[0015] A distributed power source for a mobile computing device

comprises first distributed load means having first and second load terminals for



5 providing at least a first distributed load. Second distributed load means
has first and second load terminals for providing at least a second
distributed load. First distributed source means for providing power
includes a first battery that is directly connected and supplies power to
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second load terminals of the second distributed means.
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load means communicate with the first and secon terminals o
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group consisting of a central processing unit (CPU), a memory,
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drive. A battery pack includes the first battery, the second battery, and a
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and a second connection between second terminals of the secon
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connections between first terminals of the first and seco_nd batteries an
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connections include first metal

batteries include Lithium lon batteries. A battery pack includes the first and
second batteries. A first battery pack includes the first battery and a second
battery pack that includes the second battery. At least one of the first distributed
load and the second distributed load is selected from a group consisting of a
central processing unit (CPU), a memory, a graphics processing unit (GPU), a
hard disk drive (HDD), and a DVD drive. A battery pack includes the first battery,
the second battery, and a first connection between first terminals of the first and
second batteries and a second connection between second terminals of the
second batteries.

[0017] In other features, motherboard means provides connections
between first terminals of the first and second batteries and between second

terminals of the first and second batteries. The connections include first metal

connecting means that connect the first terminals of the first and second batteries



connecting means that connect the first terminals of the first and second
batteries 6 to power traces/planes of the motherboard means. .Second
metal connecting means connect the second terminals of the first and
second batteries to a ground traces/planes of the motherboard means.
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dimensions. At least one of the first physical dimensions is different t

treatlepttore off the nseeenbeiysicabdinensions. The first battery pack is
located remotely from the second battery pack in the mobile computing
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seeonveptinginntatisiensiothird Voktage fordtiedrsizdistidbutan daarb FEUSY from the
The first DC/DC converting means is a step-down converter and the
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DC/DC converting means is a 1:n converter. At least one of the first
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first distributed load center. The DC/DC converting means is one of a step-down
converter and a step-up converter. Second DC/DC converting means converts a
third voltage from the second battery to a fourth voltage for the second
distributed load center. |

[0019]  In other features, first DC/DC converting means converts a first
voltage from the first battery to a second voltage. Second DC/DC converting
means converts the second voltage from the first DC/DC converting means to a
third voltage for the first distributed load center. The first DC/DC converting
means is a step-down converter and the second DC/DC converting means is a
step-up converter. The second DC/DC converting means is a 1:n converter. At
least one of the first battery and the second battery includes a universal serial

bus (USB) battery. The USB battery includes short circuit protecting means for

preventing short circuits. The first distributed load center Operates at a first



bus (USB) battery. The USB battery includes s_hor_t circuit protecting
means for preventing short circuits. The first Q|str|buted load center
operates at a first 7 voltage and the second distributed load center
operates at at least one of the first voltage and a second voltage. The
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switch means selectively disconnects at least one o Irst and secon
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communicates with at least one of the first and second switch means,
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second DC/DC converting means operates at a second ency is
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computing device comprises processing means for processing, memory
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communicates with said interface means. [0022] A distributed power
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means having first and second load terminals for providing at least a first
angisirponrd bﬁéﬁ!@ﬁ%reﬁh&]éifﬁstm&ﬁ@t@@i@qm@emns operates at a first
frequency and vthe second DC/DC converting means operates at a second
frequency that is different than the first frequency.

[0021] In other features, the mobile computing device comprises
processing means for processing, memory means for storing that communicates
with said processing means, interface means for interfacing that communicates
with said memory means and said processing means and display means for
displaying that comvmunicates with said interface means.

[0022] A distributed power source for a mobile computing device
comprises first distributed load means having first and second Ioad terminals for
providing at least a first distributed load, wherein the first distributed load means
is selected from a group consisting of a central processing unit (CPU), a memory,

a graphics processing unit (GPU), a hard disk drive (HDD), and a DVD drive.

Second distributed load means having first and second load terminals for



is selected from a group consisting of a central processing unit (CPU), a
memory, a graphics processing unit (GPU), a hard disk drive (HDD), and
a DVD drive. Second distributed load means having first and second load
terminals for 8 providing at least a second distributed load, wherein the
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central processing unit (CPU), a memory, a graphics processing unit
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means for providing power that includes a first battery that is directly
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the first distributed load means. Second distributed source means for
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and supplies power to the first and second load terminals of the second
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distributed load communicate and the second load terminals of the first
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source means supplies power to the second distributed load means. The
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load means. [0023] In other features, a mobile computing device
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distributed power system. A battery pack includes the first and second
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battery pack includes the second battery. The first and the second
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battery, the second battery, and a first connection between first terminals
load center communicate. The first distributed source means supplies power to
the second distributed load means. The second distributed source means
supplies powgr to the first distributed load means. |
[0023] In other features, a mobile computing device comprises the
distributed power system. A laptop comprises the distributed power system. A
battery pack includes the first and second batteries. A first battery pack includes
the first battery and a second battery pack includes the second battery. The first
and the second batteries include Lithium lon batteries. A battery pack includes
the first battery, the second battery, and a first connection between first terminals
of the first and second batteries and a second connection between second
terminals of the second batteries. Motherboard means provides connections

between first terminals of the first and second batteries and between second

terminals of the first and second batteries. The connections include first metal



of the first and second batteries and a second connection between second
terminals of the second batteries. Motherboard means provides
connections between first terminals of the first and second batteries and
between second terminals of the first and second batteries. The
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first capacity and the second battery has a second capacity. irs

trevattasiapackonasdirabpiyigiealcdienpsions and the second bat_tery pack
has second physical dimensions. At least one of the first physical
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dimensions. The first battery pack is located remotely from the secon
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means converts a first voltage from the first battery to a second voltage
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step-down converter and a step-up converter. Second DC/DC converting
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voltage for the second distributed load center. [0025] In other features,
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battery to a second voltage. Second DC/DC converting means converts
setendebaticyoagi fiorththerfist® CHMD Ganyelig-meansdo 8C/DC converting
means converts a first voltage from the first battery to a second voltage for the
first distributed load center. The DC/DC converting means is one of a step-down
converter and a step-up converter. Second DC/DC converting means converts a
third voltage frobm the second battery to a fourth voltage for the second
distributed load center.

[0025] In other features, first DC/DC converting means converts a first
voltage from the first battery to a second voltage. Second DC/DC converting
means converts the second voltage from the first DC/DC converting means to a
third voltage for the first distributed load center. The first DC/DC converting
means is a step-down converter and the second DC/DC converting means is a
step-up converter. The second DC/DC converting means is a 1:n converter. At

least one of the first battery and the second battery includes a universal serial

bus (USB) battery. The USB battery includes short circuit protecting means for

10



third voltage for the first distributed load center. The first DC/DC
converting means is a step-down converter and the second DC/DC _
converting means is a step-up converter. The second DC/DC converting
means is a 1:n converter. At least one of the first battery and the second
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is less than or equal to 4:1. [0026] In other features, first switch means
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the first battery. Second switch means selectively disconnects at least
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detecting module communicates with at least one of the first and secon
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second batteries and selectively disconnects at least one of the first an
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frequency and the second DC/DC converting means operates at a secon
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the mobile computing device comprises processing means for

Oﬂprotéissiﬁ@tmememm@ewﬁ&h%@%@h@émﬁwe&rdﬁmr_?%ipleast one of
processing means, interface means for interfacing that communicates

thevfirsaidcrsemony inetiodandraaicbpsenessing sp6ARs A4 HisR@YRE WS he first
anfc?rsecond batteries. The first DC/DC converting means operates at a first
frequency and the second DC/DC converting means operates at a second
frequency that is different than the first frequency.

[0027] In other features, the mobiie computing device comprises
processing means for processing, memory means for storing that communicates
with said processing means, interface means for interfacing that communicates
with said memory means and said processing means and display means for
displaying that communicates with said interface means.

[0028] A distributed power system for a mobile computing device
comprises a motherboard that is adapted to be independently connected to a first
distributed power system including a first battery and a second distributed power

system including a second battery. A first distributed load center has first and

second load terminals, includes at least a first distributed load and primarily
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displaying that communicates with said interface means, [0028] A
distributed power system for a mobile computing device comprises a
motherboard that is adapted to be independently connected to a first
distributed power system including a first battery and a second distributed

re @Ewey ;swanﬁi@mum@gfasﬁe@@ma@@%oﬁ/éﬁé%%éfm%ﬁﬁrh%aﬂgee.”t [ second

has first and second load terminals, includes at Iéast a first distribute

didoanantl pathadytdrlHaseives Mowveriony thefirstaistibuter AOWSL 4t least 2
system during use. A second distributed load center has first and seconde

selaaditdistinais drickidesat feast alyseeanddiss e padrRNd RUMA tributed
receives power from the second distributed power system during use.

poTee myatenboaridprovides sennrtiensdeBveRVIAgs fishlpaditerninals Ly me
the first and second distributed load centers and the second load

firgeivaid atsofithls fistrantrseepadsdistibutpstioadceerisms:£202Y IR OMeS second

features, the first distributed load is selected from a group consisting of a

loasktitradipeds es shng fisit 468 6dca MeIMAnL ACHABRICS RIARESSING unit
(GPU), a hard disk drive (HDD), and a DVD drive. The first distributed

load[B08pctethfrother deatipreansiséingrof AisaMiabRro6§8siagdiMcted from a
(CPU), a memory, a graphics processing unit (GPU), a hard disk drive

QFQH{DDpnaisﬂragDMDedmwt%laptopmimﬁttd@ﬁgqibgtqﬁ&gw a graphics
system. A battery pack includes the first and second batteries. A first

Progaasingaokiin€iiRiel thetfast batteryriand(rIBESONEHBaRCNIBCKIDEIUdESe first
the second battery. The first and the second batteries include Lithium lon

disbtetnsl lon basteryl patsidiriciudes ghewfirstobatisig the seeanebbaiisrksaiyy unit
a first connection between first terminals of the

(CPU), a memory, a graphics processing unit (GPU), a hard disk drive (HDD),
and a DVD drive. A laptop comprises the distributed power system. A battery
pack includes the first and second batteries. A first battery pack includes the first
battery and a second battery pack includes the second battery. The first and the
second batteries include Lithium lon batteries. A battery pack includes the first
battery, the second battery, and a first connection between first terminals of the
first and second batteries and a second connection between second terminals of
the first and second batteries.

[0030] In other features, a mobile computing device comprises the
distributed power system. The connections include first metal stiffeners that
connect the first terminals of the first and second distributed load centers to

power traces/planes of the motherboard. Second metal stiffeners connect the

second terminals of the first and second distributed load centers to ground
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first and second batteries and a second connection between second
terminals of the first and second batteries. [0030] in other features, a
mobile computing device comprises the distributed power system. The
connections include first metal stiffeners that connect the first terminals of

tratis fisinandosepenchdistsiiggeloacheeiter i MWRIdragpsipianes A thed the

motherboard. Second metal stiffeners connect the second terminals of

setoeditstiday second disiribuagdend wentry s iegEey itk 1 2 Eanespipacsof
the motherboard. The first battery has a first capacity and the second

batt¢dphak a decatiearfacityrthat imdifferentihasihefisk cCABACHYst physical
[0031] In other features, the first battery pack has first physical

dirdéimeinsisrenanththe secoddbaiieyy ask has second HERal diMensianss. At
At least one of the first physical dimensions is different than at least one

least theesetdnd pinysipaldioatnsiors sihesfirst digdesnpackisdoratad one of the
remotely from the second battery pack in the mobile computing device. A

sefiestcDR R sbriveresiveseivEsaffitstivaltagefeam bestescbattens &g from the
outputs a second voltage to the first distributed load center. The DC/DC

seconvebaitdsyope! instep-duwiriecoonestanand e iliep-up FRAVBEAD®A converter
second DC/DC converter receives a third voltage from the first battery

recaidesuaplinst & fdtage Voltagin ¢ofitet setteny sdigtobtiads|eackeemendtiE to the
DC/DC converter receives a first voltage from the first battery and outputs
firs sHetiftasitalgedA seuiend DOIB CDHYErten thasrteceives thesegostp-down
voltage from the first DC/DC converter and that outputs a third voltage to
CoRve fipst alistrib steoadoentatsThe\ fisstcD AR IOV eseristar receives a third
voltage from the first battery and outputs a fourth voltage to the second
distributed load center. A first DC/DC converter receives a first voltage from the
first battery and outputs a second voltage. A second DC/DC converter that
receives the second voltage from the first DC/DC converter and that outputs a
third voltage to the first distributed load center. The first DC/DC converter is a
step-down converter and the second DC/DC converter is a step-up converter.
The second DC/DC converter is a 1:n converter. At least one of the first battery
and the second battery includes a universal serial bus (USB) battery. The USB
battery includes a short circuit protection device.
[0032] In other features, the first distributed load center Operates at a
first voltage and the second distributed load center operates at at least one of the

first voltage and a second voltage. The DC/DC converter has a conversion ratio

that is less than or equal to 4:1. A first contactor selectively disconnects at least
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step-down converter and the second DC/DC converter is a step-up
converter. The second DC/DC converter is a 1:n converter. At least one
of the first battery and the second battery includes a universal serial bus
(USB) battery. The USB battery includes a short circuit protection device.

ONEO08 2 th athies deatutesr thie fikstdistdbiteddieasheeatepoperatosiahd Mstecond
voltage and the second distributed load center operates at at least one of

cothectirssetizinend sconcentsvaltrgest e REMRSE sARVERe& aninals of the

conversion ratio that is less than or equal to 4:1. A first contactor

seseluttivelytdisdenneptsrarieaststsdrone ofAfirssiand senett tegipalmef theodule
first distributed power system. A second contactor selectively disconnects

comtuascatrsolvirstaint secamd tefntinalsiet tha dseeend dliskinutad BOWelacts a
system. A short circuit detecting module communicates with at least one
shefitrédirétiaml ssgnoheootabtofsstietedtseeshddiSiFpitdl FJRRSIRREPhs and
the first and second distributed power systems and selectively
selfisinivediscanoastorms dtdse firse anid heceinst disiibssedOwRStributed power
stems. The first DC/DC converter operates at a first frequency and the

S
sygiesand he/st dohvie Rerwpardtesoatastecatdaifeguarey it isdiffeieiccond
than the first frequency. [0033] A method of providing a distributed power

Dhfrcedprariabisine retespatingstedne doppeses previdingifionstherbeass first

that is adapted to be independently connected to a first distributed power
fr C8aBAY including a first battery and a second distributed power system

including a second battery; providing a first distributed load center that

has {Qgga"ﬂd sécongtived edrprimdising a distributed power source for a mobile
computing device comprises providing a motherboard that is adapted to be
independently connected to a first distributed power system including a first
battery and a second distributed power system including a second battery;
providing a first distributed load center that has first and second load terminals
and that includes at least a first distributed load; primarily receiving power at the
first distributed load center from the first distributed power system during use;
providing a second distributed load center that has first and second load
terminals and that includes at least a second distributed load; primarily receiving
power at the second load center from the second distributed power system
during use; and connecting the first load terminals of the first and second

distributed load centers and the second load terminals of the first and second

distributed load centers using the motherboard.
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and that includes at least a first distributed load; primarily receiving power
at the first distributed load center from the first distributed power system
during use; providing a second distributed load center that has‘first and
second load terminals and that includes at least a second distributed

load]poizaarily receiMing feawesat the speonskioad centerfiom e s85aMdom o

distributed power system during use, and connecting the first load

grtenmivals stithe firstandseapistodistaged nadasnters, aﬂ%mgﬁ??ﬁyaphics

load terminals of the first and second distributed load centers using

provetiwrigpandt 14GRO0B4EIMalerfiertdes: thefirst distdbuteteadiSe  and the

selected from a group consisting of a central processing unit (CPU), a

semerdodystalgraghipsweroesssing, upitd@Riina hiaed diskdivedHRR) iavS e cted

a DVD drive, and the second distributed power system, wherein the first

frodistriuted loabistejestedc it apgseur SARSIHINEM)Ceti@inory, a graphics
processing unit (CPU), a memory, a graphics processing unit (GPU), a

proeedsiigk anivé GRDR) adnara VIO e (Tvomethac ingedesive. The method
implementing the distributed power system in a laptop computer. The

inchethedrindhidestparkagintsthe dirst phepcopddrntierias s patiiibuter. The
pack. The method includes packaging the first battery in a first battery

Meiackl dndile s eeoid ghagteny ifirat seapddritetypatlosTReS B @84 pack. The
second batteries comprise Lithium lon batteries. [0035] In other features,

Mefeothétiebil rchrigsapioyidirgfadiatietyrpack that ivstusiesghedisstd the second

battery, the second battery, and a first connection between first terminals
bagetive ifirst aprtsadomd atieneshnd Asedisd eonnegiombeueics comprise

Lithium lon batteries.

[0035] In other features, the method includes providing a battery pack
that includes the first battery, the second battery, and a first connection between
first terminals of the first and second batteries and a second connection between
second terminals of the second batteries. The method includes implementing the
distributed power system in the mobile computing device. The method includes
using first metal stiffeners to connect the first terminals of the first and second
batteries to power traces/planes of the motherboard and second metal stiffeners
to connect the second terminals of the first and second batteries to a ground
traces/planes of the motherboard.

[0036] In still other features, the first battery has a first capacity and the
second battery has a second capacity that is not equal to the first capacity. The

first battery pack has first physical dimensions and the second battery pack has
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second terminals of the second batteries. The method includes _
implementing the distributed power system in the mobile computing
device. The method includes using first metal stiffeners to connect the
first terminals of the first and second batteries to power traces/planes of

selbsnangtheshaard andreesend 'ﬂ?tﬁe'aﬁiﬁ@ﬂ@r%ft‘?r?é)rfﬂgtﬁg@zsfc%%fgnefr{ﬁiéms is

terminals of the first and second batteries to a groun planes o

diffecéneraeandal 036G sHll gtherfeatumey) R Egﬁm%g%ﬂr%he method

capacity and the second battery has a second capa at Is not equal

indiuthes fiessaanpeins. e Hirst RABSEX RaskdEs frsiRvsical dIMensions, back in
)é t1ehdt

and the second battery pack has ?5 second physical dimensions.

theneisitbedsimitisiral simensions is, diffgrent thandat Is @@g% &t pe/pe

second physical dimensions. The method includes locating irst

cobatieinr iack resitely fEoRdhe SrseRd A aRPARK IR RS Mahle 4t outputs a

computing device. The method includes providing a first DC/DC converte

settmdecsivep adraiyalfageliom T drsibatieryanciiat QUIBKSR 2 step-down

second voltage to the first load. The DC/DC converter is one of a

costegridowindcanstenter b aveiepr Up/c RNt Acserond RIRE ﬁ*%vlee@%ﬁves a

that receives a third voltage from the first battery and that outputs a fourt

thive ltaxfede theraettentirdbad I3 dryat ethslisatutsstitheoeibad the second
includes providing a first DC/DC converter that receives a first voltage

logbm the first battery and that outputs a second voltage; and providing a
second DC/DC converter that receives the second voltage from the first

DC/@®adhverier amud thtkieoutpata@thithe method includes providing a first
DC/DC converter that receives a first voltage from the first battery and that
outputs a second voltage; and broviding a second DC/DC converter that receives
the second voltage from the first DC/DC converter and that outputs a third
voltage to the first load. The first DC/DC converter is a step-down converter and
the second DC/DC converter is a step-up converter. The second DC/DC
converter is a 1:n converter. At least one of the first battery and the second
battery includes a universal serial bus (USB) battery. The USB battery includes
a short circuit protection device.

[0038] In still other features, the method includes operating the first
distributed load center at a first voltage and the second distributed load center at
at least one of the first voltage and a second voltage. The DC/DC converter has
a conversion ratio that is less than or equal to 4:1. The method includes

selectively disconnecting at least one of the first and second terminals of the first
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voltage to the first load. The first DC/DC converter is a step-down
converter and the second DC/DC converter is a step-up converter. The
second DC/DC converter is a 1:n converter. At least one of the first
battery and the second battery includes a universal serial bus (USB)

: ingl t circpi tection device. [0038]
e R A BT e e B e e s o
i I th d distributed load center at a
o B B L PR dS S5 GhoBiRgyst anc

se_@@ﬁdat§é’ﬂ¥ﬁ@95rﬁ§tigé%f\§é§ﬁ%@?§n% ec%lrjw%lofcg[ﬁ é%ﬁrg}hgﬁ‘néitgggﬁ(ﬁ first and

includes selectively disconnecting at least one

setQyANs ofithe firgL i‘iﬁs%g[z&yéf@é%?}é"&é‘/r giéa%;t%%cgtn @éﬁ?gﬁg %ﬁgg{f&pd the

the first and second terminals of the secon ry; an e

et i the fi o) tteries and selectively. .
e et 2 20 S R A0S SR v
th@ﬁ}@@&%‘é’ﬁéﬂﬁr operates at a first frequency and the second DC/DC

converter operates at a second frequency that is different than the first

freqyenee](0039) Gvsther argas pf Qggli%%%iﬂ‘ﬁ OUH“?rPereﬁ‘?é‘éé% enton Wil il

become apparent from the detailed description provided hereinafter.

beshaaedhm dradersiprdHbaldhn detaled g @?891@&9 RORSHIHEXAMIRIES; 14 be

[
while indicating the preferred embodimentr%gﬁ e Invention, aré intende

unigsreespesaebusHRliRY QK andigre A9t injsnded é&%@&&%‘? $30RE1Rbicating
the invention. BRIEF DESCRIPTION OF THE DRAWIN
the preferred embodiment of the invention, are intended for purposes of

illustration only and are not intended to limit the scope of the invention.

BRIEF DESCRIPTION OF THE DRAWINGS

[0040]  The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:

[0041] FIG. 1A is a functional block diagram of a laptop computer
including a battery pack with batteries that are connected in series according to
the prior art;

[0042] FIG. 1B is a functional block diagram of a plurality of batteries
connected in series according to the prior art;

[0043] FIG. 1C is a functional block diagram of a laptop computer

including a DC/DC converter and a battery pack according to the prior art;
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[0040] The present invention will become more fully understc_)od from the
detailed description and the accompanying drawings, wherein: [0041] FIG.
1A is a functional block diagram of a laptop computer including a battery
pack with batteries that are connected in series according to the prior art;

[004p) 4%} 1B s fupgtiopal Block diggeam 0%%@"%“ ?Stt%eléir%ﬁlel battery

connected in series according to the prior art; IG. 1

arﬁ&lﬁggﬁﬂ%tbmkéji%@xﬁ?é’ﬂyobééﬁp%c%%geE&H?H@?gﬁa%%ﬁ%ﬂai%to the

converter and a battery pack according to the prior art;
présargGhesratisdiagram of a parallel battery arrangement f_or a bgttery
pack and laptop computer loads according to the present invention;

[00450646] 2Brs@ sciemalic diagrampha-pasaliel hattery %”aﬁgr%ﬁ'l‘eelntbaﬁery

for central processing unit (CPU), memory and graphics procesSing unit

j i ipn invention: .
e ST cossing

unrt@mriementinatuslingatiepriminals hak ase 8@%5‘}%@,&%?2{%@ n:

according to the present invention; [0047] FIG. 3B is a function

diagfamvel a paaiel hatterys aftargemsntipeikidingpatenyqter ”E%?Elg?a!taaﬁery

are connected in parallel and DC/DC converters according to the presen

arangetiosn{00A8HNG batiohy sdiaiandie thattans AdnlcRu b asaltaccording
circuit
to the present invention;

[0047] FIG. 3B is a functional block diagram of a parallel battery
arrangement including battery terminals that are connected in parallel and

DC/DC converters according to the present invention;

[0048] FIG. 3C illustrates the battery of FIG. 3A with a short circuit
detecting module;

[0049] FIG. 3D illustrates the arrangement of battery packs having
different dimensions in a mobile computing device;

[0050] FIG. 4A is a functional block diagram of a parallel battery
arrangement incorporating terminal connecting conductors on a motherboard
according to the present invention;

[0051] FIG. 4B is a functional block diagram of a parallel battery

arrangement incorporating terminal connecting conductors on a motherboard and

DC/DC converters according to the present invention:
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detecting module; [0049] FIG. 3D illustrates the arrangement (_)f battery
packs having different dimensions in a mobile computing device; [0050]
FIG. 4A is a functional block diagram of a parallel battery arrangement
incorporating terminal connecting conductors on a motherboard

aCqu@km;O the @resent inventign: 993l fid& 45%4;%%”%?9@%%’%%‘& battery

diagram of a parallel battery arrangement incorporating termina

ing i : /DC rte
e i s B (SIS pyrpianes

ondiagiseab sapaaiiel hatey, Alangemeningarparating shorting metal

stiffeners to ground and power planes on a motherboard according to the

presgudsayentions [0983L£1G. kB dsicHngignal BlQ@?a‘#?‘%?'}%egé&anei battery

parallel battery arrangement incorporating shorting metal stif rsto

ar@@g@@h@ﬂdimfﬁér@@ﬁgssW%&@%F@ﬁ@%qg%ﬁ\ﬁﬁﬁ&ww planes

according to the present invention; [0054] FIG. 6 is a

ondiagistheeh capfeieIrhaiery c@ﬁ@@ﬁ@l‘@%&@ﬁﬁHgi%d%?a%g&?invention;

converter and a step-up converter according to the present invention;

[005E]084. 7 is i@sfurctignal biopkidagram Qi@ BEglshPabery parallel battery

arrangement that includes a DC/DC converter and Step-up converter

arracepEtiogt thaheesenEIENnieNe PR 16h B dsAdyNe WAVIEK according

diagram of a parallel battery
to the present invention:

[0055] FIG. 7 is a functional block diagram of a paraliel battery
arrangement that includes a DC/DC converter and step-up converter according
to the present invention;

[0058] FIG. 8 is a functional block diagram of a parallel battery
arrangement that includes a DC/DC converter and a step-up converter according
to the present invention:

[0057] FIG. 9 is a functional block diagram of a parallel battery
arrangement that includes peripheral devices and a step up converter;

[0058] FIG. 10 is a functional block diagram of a parallel battery
arrangement that includes single and two-stage converters according to the
present invention:

[0059] FIG. 11 is a functional block diagram of a parallel batter);

arrangement that includes single and two-stage converters according to the

present invention;
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arrangement that includes a DC/DC converter anq a step-up converter
according to the present invention; [0057] FIG. 9 is a functlpnal block _
diagram of a parallel battery arrangement that includes perlpheral devices
and a step up converter; [0058] FIG. 10 is a functional block diagram of a

paralfgbbaitery Faeyangement that includes sl %Oglgé tﬂﬁ oira qe _ paraliel battery

converters according to the present inventio

ludes
arfengiionahblogk disaramof a'é‘?lob%%t aH8ndsnve At ingk to the
single and two-stage converters accordlng to the presen?ﬁnventﬁnﬂl@g
prifintentlehis a functional block diagram of a parallel battery

arrangement that includes single and two-stage converters according to

the poesant invaation 3[096 kirketiddisadupcy E oglﬁc,gl‘?%fﬁ%%a{gsmobile

exemplary mobile computing device with Ioads

Cccmmﬁmi@u@@d@ Witsmaiehed batteries accordlng to the prior art; [0063]
FIG. 15 is a functional block diagram of a mobile computing device

inclufhog2] distrilpted pOWRIsSRUEGE BDF-EHITERT REDSE AN AINIESHON 1 atteries

modules according to the present invention; [0064] FIG. 16A is an
acexedipiaiy ®legrioalsehematic of a current protection module;

[0063] FIG. 15 is a functional block diagram of a mobile computing
device including a distributed power source and current sense and protection

modules according to the present invention:

[0064] FIG. 16A is an exemplary electrical schematic of a current

protection module:

[0065] FIG. 16B is an exemplary electrical schematic of another current

protection module;

[0066] FIG. 16C is an exemplary electrical schematic of an active

current protection module.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0067] The following description of the preferred embodiments is
merely exemplary in nature and is in no way intended to limit the invention, its
application, or uses. For purposes of clarity, the same reference numbers will be
used in the drawings to identify similar elements. As used herein, the term

module and/or device refers to an application specific integrated circuit (ASIC),
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[0065] FIG. 16B is an exemplary electrical schematic of ar!other current
protection module; [0066] FIG. 16C is an exemplary electrical schematic
of an active current protection module. DETAILED DESCRIPTION OF

THE PREFERRED EMBODIMENTS [0067] The following description of

A e e R S 13 0 oy that

way intended to inven s application; o

xSRI Y n e SamE LeTerenee aumbs Fﬁn\(xj%r_'%e t%%?rggﬁi} r% é?ﬁgﬁ%%ﬁ%@wl logic

identify similar elements. As used herein,

cikQiRrsy A %@Hg?%ti%é%egéﬂgé%ﬁ%géeﬁxg{@%\ﬁég ltgz:z %%?i{?e\%e{ %onnci ionality.

circuit, a processor (shared, , Or group) and me

WEBXECUIRORG IJROIe Saftvisie W”B‘é!"a{f‘%géﬂ%%aé“jh?ﬁé’rﬁ“gbrin%%%ﬁga\}vlﬂ?iﬁaptop

circuit, and/or other suitable components that provide SCri

owe@md/wwst%%%g}g ‘Qﬂt"?ﬂ%’ﬁtf&%ﬁﬁﬁé’si?q‘i’é’ﬁ;‘éﬁ%@e digital

with laptop computers and/or laptop loads, the present inven

CcOP MG Adlg; SO Rl LOMRYENG Qsm%%ﬁﬂg’ AIRRIlE, cgMPHLIN s%gzli\gﬁ%rein, the

load. As used herein, the term mobile comiputing device refers 10 digital

tedigvieeBithatd P gldedrionsegrrt g rBBUES‘Qg hat %813@1% ?aql‘?e(gst one

being powered by a mobile power source such as a battery or 0

inteQftalele RMWEH SHHRAR Sleviee -c%ﬁ%m@eéfoﬁéﬂ%b&%mtmf 96948%%{3 power

include, but are not limited to, laptop computers, 3 players, persona

sotigEabassstanis kREAS) oplfiHee JkRINCOFLREIELING oS géGSE%aAmples of
113 and 1C, a mobile computing

mobile computing devices include, but are not limited to, laptop computers, MP3

players, personal digital assistants (PDASs), and the like.

[0068] Referring now to FIGs. 1A, 1B and 1C, a mobile computing
device such as a laptop computer 10, according to the prior art, includes one or
more loads 12 such as laptop loads and a battery pack 14 that powers the loads
12. The battery pack 14 includes batteries that are connected in series. The
battery pack 14 functions as a centralized energy source for the laptop loads 12.
In other words, the battery pack 14 provides current and voltage to the laptop
loads 12 through conductors 16 and/or 18. One of the conductors 16 and/or 18
may be connected to a reference potential such as ground. In FIG. 1B, the
battery pack 14 includes batteries 20-1, 20-2..... and 20-X (collectively batteries

20) that are connected in series, where X is greater than 1. In conventional

battery pack designs, the batteries 20 are connected in series to increase voltage

and decrease current.
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device such as a laptop computer 10, according to the prior art, includes
one or more loads 12 such as laptop loads and a battery pack 14 that
powers the loads 12. The battery pack 14 includes batteries that are
connected in series. The battery pack 14 functions as a centralized

enengoeayrce fejath ORploads %?clLJBé’@%@’/ﬂ@scgﬂ%ﬁﬁg?%@ggksﬁéwn in

provides current and voltage to the laptop loads 12 through conductors

FI@6 pod/ord8 e of thawanduetors 6 andien 8 may %CBBHE%&@% via

reference potential such as ground. In FIG. 1 B, the battery pac

coltlietss battesias 306, 20rBe- 1 A8 2005 dsolectivaiv batiesies v%fli? &t beince

are connected in series, where X is greater than 1. In conventiona

cohadirgy paEkiesiang, ke lateyien dlarg gonascled ingeres 1o INgeastay pe

voltage and decrease current. 21 [0069] The laptop 10 may include a

coPteRIecanversEhas poouii SUGh 1s- JBERC/RCIERNUELSE22 the DC/DC

communicates with the battery pack 14 via conductors 24 and/or 26. The

cotapsapicatisstaioemmaricatatiib BedP&UACHROBYARRS 824814 and outputs a
conductors 28 and/or 30. One of the conductors may bé connected to a

seteletencrayaatial sichasgpnbAndhipmanies e RC/DE cORUEISLcK 14

22 receives a first voltage level from the battery pack 14 and outputs a

maecangpvbltagetensl sathie laptagdoadst 22 -anexampie. the pattensRasker 22
14 may output a battery pack voltage such as 12V. The DC/DC converter

cozgedenivertsttertyatiery patiayeltage toadowelghags deval sychsas at\bupply
supply voltage for use by the laptop loads 12. In other words, the DC/DC

vottegeeiten22 byttis txpioplbisda step-tewmeenwsider Wit BAASE converter 22
conversion ratio. As

in this example is a step-down converter with a 12:1 conversion ratio. As

described above, high conversion ratios tend to have relatively high conversion

loss. Increasing the battery pack voltage decreases energy loss associated with

parasitic distribution resistance while concurrently increasing loss due to

conversion inefficiency.

[0070] Referring now to FIG. 2A, a power distribution system 40 for a
mobile computing device according to the present invention includes one or more
load centers 42-1, 42-2,..., and 42-M, (referred to collectively as load centers or
loads 42). Each of the distributed load centers 42 includes one or more loads.
One or more distributed power sources such as batteries 44-1, 44-2,..., and 44-
M, (referred to collectively as batteries 44) are connected in parallel to the loads

42. In other words, battery 44-1 is directly connected and provides power to the

load 42-1. The battery 44-2 is directly connected and provides power to the load
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described above, high conversion ratios tend to have relatively high

conversion loss. Increasing the battery pack voltage decreases energy
loss associated with parasitic distribution resistance while concurrently
increasing loss due to conversion inefficiency. [0070] Referring now to

421G 124, BepnendisiiBrion sySemAddona me8ilecRmPYRYSRYiCsnters 42

according to the present invention includes one or more load centers

mad2irlcld8e2multang ik, (WWW&@@Q%@%%'@@9%%%@419995 loads

42). Each of the distributed load centers 42 includes one or more loads.
42 @eednoidre gigtdlbuted power sources such as batteries 44-1, 44-2,..
and 44- M, (referred to collectively as batteries 44) are connected in

parglig 79 ]the Daelp A2k etheiasdsabaltigerddnl isrdikectycanneatedows
and provides power to the load 42-1. The battery 44-2 is directly

posenriedteddistdprtaddes peweattsthe dpash @ 42n2adhe-batieneddMie, typical

provides power to the load 42-M. The load centers 42 may include

laptoplticteripatis. bubthetavasds thelsumbes of kafteries d4iaRddoads ads and

need not be equal. [0071] The parallel distributed arrangement of the

otfteatteyipssdbbllimasispdivet tare disjiibidpg teighetoads th@ugRiMathe laptop
manner. For example, typical laptop computer subsystems include loads

comychiers semticenplectontoateaich otheintypas ofdoads thaiie pexssavm an
dispersed throughout the laptop computer. In the present invention, each

oplivadllydezaied deitiepoier froroatrasptimallyddsated batserydtidFIGS 1A and
contrast, the loads 12 (as shown in FIGS 1A and 1 C) receive power from
1Ca rsinglee qanvellirdoc atedniopetecy maaky Udcated battery pack 14.

[0072]  In one implementation, the current requirements of the loads 42
may be imbalanced. For example, the load 42-1 may require more current than
the load 42-2. To prevent uneven power consumption, the power distribution
system 40 includes one or more terminal connections 46 and 48. The terminal
connections 46 and 48 may be any suitable conductive material that shorts the
first terminals and the second terminals of the load centers 42 and/or batteries
44, respectively. In other words, the first terminal of the first battery is connected
to the first terminals of other batteries in the battery pack. A similar approach is
used for the second terminals. For example, the terminal connections 46 and 48

may include, but are not limited to, conductive wire and/or metal stiffeners

connected to printed circuit board (PCB) power traces/planes (PT/P) and/or

ground traces/planes (GT/P).
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[0072] In one implementation, the current requirements of .the loads 42
may be imbalanced. For example, the load 42-1 may require more current
than the load 42-2. To prevent uneven power consumption, the power
distribution system 40 includes one or more terminal connections 46 and

48. ThesminRleRafiRECtiNg 46 and48nay-he anwsuitakle SANGLGHE bution

material that shorts the first terminals and the second terminals of the

sykdach csierstandissiipitesiescddingpactvabl Inoihes Wordsethe il ad 54,

terminal of the first battery is connected to the first terminals of other

anblatteiephitthe tatesimack A Similanaaproach 1hdisgd iopthe 520809 memory
terminals. For example, the terminal connections 46 and 48 may include,

lodsitterearat imiteairte) condustive aviraansl/arfariak SeBRIS RSB The
to printed circuit board (PCB) power traces/planes (PT/P) and/or ground

tenmzioeb pianes(GTdR) 6230 0TS bRefe tHBId W F|6a 2Bt ARRXRBR™ VN er from

power distribution system 50 includes a central processing unit (CPU)
onkad BH2ra ofdnwbattaiks44and a graphics processing unit (GPU) load
56. The CPU load 52, the memory load 54, and the GPU load 56 may

haveUfifféient Refeningquinertemis The, erain@irepnasiensd46:a88rdfhg to a
allow the different loads to receive power from one or more of the

firfatsioplady [00pkIRedeating novite bles8A miRmeBcamBHIRNGO The laptop
according to a first exemplary implementation of the present invention is

coghpvier. herlaptdps doarie? GO dnohitasdodsls Ghaagatieresds hal parallel
are connected in a parallel distribution arrangement. The batteries 64 are
distidvsivorassthitoamaéry Packferies 64 are incorporated in a battery pack 66.
The batteries 64 provide power to the loads 62 by way of multiple corresponding
connections between the battery pack 66 and the loads 62. The batteries 64 are
connected (as described in FIGs. 2A and 2B) within the battery pack 66.

[0075]  Referring now to FIG. 3C, the battery pack 66 may incorporate a
short circuit detecting module 67 that isolates the batteries 64 when a short
circuit condition is present. In other words, the short circuit detecting module 67
monitors the battery pack to determine when the terminals of a battery are
shorted and/or when the first terminal of a battery is shorted to the second
terminal of another battery. The short circuit detecting module 67 may selectively
change a position of switches or contactors 69 to isolate a battery.

[0076] Referring back to FIG. 3A, although the battery pack 66 is

shown located within the laptop computer 60, those skilled in the art can

appreciate that the battery pack 66 may be located externally to the laptop
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The batteries 64 provide power to the loads 62 by way of multiple

corresponding connections between the battery pack 66 and the loads
62. The batteries 64 are connected (as described in FIGs. 2A and 2B)
within the battery pack 66. [0075] Referring now to FIG. 3C, the battery

coRAkE6aDaYANCEIPOME %p?BBFEBMQCFT@@t%%F}m%WS?% ﬁﬁtré?fglfé)‘;ffbattery

the batteries 64 when a short circuit condition is present. In" othérw

pathe SBB”&E@W"{{Q@%H@Q.MQP'%Qzeﬂé@ig?fﬁﬂ%‘étgﬁttﬂyg%ogh P as, described

determine when the terminals of a battery are shorted and/or when the

ablirss teppinakafpRatieey ki ihe secand, YREWIUW@'b t?e(’:?'\?t 8bks 66 tha

battery. The short circuit detecting module 67 may selectively chang

arp@siioR Af\swiehes of R%réiégé%isﬂ’l@tﬁﬁt%%t%%iﬂg@ Referring

back to FIG. 3A, although the battery pack 66 is own ocated within the
laptqp epwputerted. fhese skiked-ndtbe %F@ﬂ@e@ﬂ@ﬁ?%?tﬁ\g’%é@gukﬁ%g% the

pack 66 may be located externally to the laptop 24 computer 6

batheitepten cematian G soay inslyde apiwainiafbatieny. P@&hér%f’ A% 66. A

including plural batteries connected in parallel as described above. For

baexaynpieKhiednRiep easapsian 6& maynfuseRAtEN RAGKS S8 dhat 5 rality of
physically located on opposite sides of the laptop t&%pu?/ér 60. [0077 'F]I'wae

baluarai@ltdis&rﬂ?‘eticﬁrﬁfé%fmﬁﬁﬁegtégﬁ%.|03%6Qa@@¥ 2 dRAHLepgs 4tRd to the
pac

advantageous to the manufacture of the battery . A battery pack

loallat ieanoectrstdncsariewitbroachly Risoly Anclides 2 AM4AIYREN the other
batteries that are connected in a series. The battery pack is connected to

batheridaads. Dive oatteoyemidke baitaries manhgymarimallecanacty 1Bty (ie.
wetgse?;hgrattery may self-reverse charge when larger-capacity (i.e. stronger)
batteries are discharging. As a result, the smaller-capacity battery is damaged,
thereby decreasing the overall capacity of the battery pack. Each battery must
be charged and discharged to determine actual storage capacities and to avoid
including batteries with nonequivalent capacities within a battery pack.

[0078] The parallel distribution arrangement of the present invention
eliminates manufacturing time and costs that are associated with - balancing
battery capacity. In a parallel battery pack arrangement, current is naturally
distributed from the battery pack 66 to the loads 62. A stronger battery will
provide more current than a weaker battery within the same battery pack,
negating the possibility of reverse charging the weaker battery. As a result, the

overall battery pack lifetime will increase and the maximum capacity of the

battery pack 66 is used more effectively. For example, one or more of the
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batteries in the battery pack. In this arrangement, a smaller-_cap_acny (i.e.
weaker) battery may self-reverse charge when larger-capacity (|.e..
stronger) batteries are discharging. As a result, the smallgr-capamty
battery is damaged, thereby decreasing the overall capacity of the battery

bepRGteS6aHhAIBE dRa RRGNAras AN \ﬂjrj charged % ode H%%E@riéc {lJJ l%} exploit

storage capacities and to avoid including batteries with o

th@WQ?&)WN&%%W;%&@%d%z@%@gr@@“ﬁl v‘J!ﬁtHB%‘%%%uﬁmgigH@rly, the

arrangement of the present invention eliminat anufacturing

peealls distasessasiabwithaianeng | %;&%g@ﬁgﬁ%ﬁ?#&‘f%%&f@i of the

battery pack arrangement, current is natura

bepmete8630 thedaads Gach eHRNaRIalBROULBIBHITMOIE CUTERL . o

a weaker battery within the same battery pack, negating the possibility

re pevesstheharging e warakeiRaliRiykAsafesylt. Hhe gueral Itggt%a\;grgg iccga pacity

lifetime will increase and the maximum capacity of the” baftery pack

eftemdi XRIT ies 64
of tisedatos igelys For sl fRLmere of_the 25 batterlesf
may be di%lcharged to a minimum votfégge specification to fully exploit the

energyoFahe baﬁ%wm@CK@ﬂdtée%%Q?atFQmQ&anemﬁ#gg{%a%{%nindude

the parallel distribution arrangement provides increase

batiesief tbédb’mteriesi@és/\lﬁaéﬁ%@ﬂ@ré%gt@%éﬁpf@ﬁﬂrjﬂ?&e%@ %lal\?a'ﬁage of

supplement or replace the energy output of the weaker battery.

thigHeratiore, tHeoovexatheapasiyapitimbaitany ngG&grﬂpBL@gi%ggytl% aximize
reduced. [0079] Referring now to FIG 3D, the laptop computer 60 may

avimicibtie hatierfes Aitidifferenbaizerds andiEeLaLANgsMENsE Luthel ifkS e o
advantage of
more batteries. In one implementation, the laptop computer 60 may include a
first battery pack 66-1 having first set of dimensions and/or shape, a second
battery pack 66-2 having second set of dimensions and/or shape and an n®"
battery pack 66-N having an n set of dimensions and/or shape. The battery
packs are arranged adjacent to their pr_imary loads 62. Each of the battery packs
66 includes one or more batteries. The battery packs 66 are connected together
and/or to ground to allow load sharing as described above. In another
implementation, the laptop computer 80 may include a battery and/or battery
pack having an irregular size and/or shape. In still another implementation, the
laptop computer 60 may include multiple mounting positions for batteries and/or
battery packs to allow flexible battery pack placement. For example, a first

battery pack may be mounted on a top side of the laptop computer 60 and a

second battery pack may be mounted on a bottom side of the laptop computer
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this feature. For example, small form factor laptop computers may
maximize available areas for fitting the batteries and/or battery packs 66
each with one or more batteries. In one implementation, the laptop
computer 60 may include a first battery pack 66-1 having first set of

ealimensioatsand/arshaney 2 secandy battery pack 652, baving %ffSRg]%ﬁﬁédge of

of dimensions and/or shape and an nth battery pack 66-N having a

theetpfireensgions andiershanae iNerbALeR: 8 g@rapged adjacent

to their primary loads 62. Each of the battery packs 66 includes one or

more{bE8@Yies THae BpttaryPAGKSER @@erﬁagr@%@dﬁ@@@@%né@/%?e DC/DC

ground to allow load sharing as described above. In another

convelganertatians hievaptop) CRrBRLteSQBayHBEILIR fORMEMYRARAM, FIG. 1C,
battery pack having an irregular size and/or shape. In still another

tharpRiDEntative e mmwmmu@h@ﬂm%iwwg%%wi&tiﬁﬂ to lower
allow

positions for batteries and/or battery packs to flexible battery pack

vofffgementtdbte exantipe i edist Arattarypask may ke @Wega‘?gll%lt%%tribution

side of the laptop computer 60 and a second battery pack may be

arrabgatedrdna Hbtorarsisle obing laptopasompUiEsnZe G Altainatiyela pe/ne
plurality of battery packs may be mounted along an edge of the laptop

cogumerer’60oratmrdersof e taploptherTeTsso iRRBIE T ARiPRave less
computer 60 may also include one or more DC/DC converters 70 as

thehewh TnoprGesioMsdeschibethabavelsitferestest taifd GoaGerdih ratio is less
DC/DC converters 70 convert the higher voltages of the batteries 64 to

thaswerr evolea des stitaiilefat/trelidads @Zh¢tpweyrrotiueto thmratdiRlerters may
distribution arrangement of the laptop computer 60, the conversion ratio

hayktife BifIEOt conversion ratio. As such, the overall efficiency of the laptop
computer 60 is improved.

[0081] Certain semiconductor loads of the laptop computer 60 may
require higher operating frequencies. For example, at an operating frequency of
approximately 1 MHz, external passive components may be smaller and less
expensive than comparable components operating with low frequency DC/DC
converters. In the parallel distribution arrangement, the DC/DC converters 70
may operate at different frequencies. As a result, one of the DC/DC converters
70 may operate at a higher frequency (i.e. between 1 MHz and 4 MHz).

[0082] Referring now to FIGs. 4A and 5A, a laptop computer 80
includes a motherboard 82. In this implementation, paralle! connections between
the batteries (as described above) are incorporated on the motherboard 82. For

example, the terminal shorting connections may include connecting conductors
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converters 70 is reduced. For example, the DC/DC converters 70 may
have less than a 4:1 conversion ratio. In other implementations, the
conversion ratio is less than or equal to 3:1, 2:1 and/pr 1:1. Further, each
of the DC/DC converters may have a different conversion ratio. As such,

s4hmevssaleficiancyot the @Qtoﬂltgﬂml('/@g(s%g {mproved, 0081 connections

Certain semiconductor loads of the laptop computer 60 may requ

m&oheIRRErARg kegURRRiess ﬁﬂé?é‘?@B@w@é&@@?@%%”ﬁf’/%q%ﬁé}% ?ge GT/P

approximately 1 MHz, external passive components may be smaller-an

of less Wé@@r@@Q.CW@ﬁbngp@@q% QpeAngWith oy lon cpmputer

frequency DC/DC converters. In the parallel distribution”arrangeme

80DREYGIsaI0Merters:76r RroPseis &t diffignt freaye gie(%’eé?iger Stk:xlléa_revious

one of the DC/DC converters 70 may operate at a higher frequency
imbeiwieenaliddklz and 4 MHz). [0082] Referring now to FIGs. 4A and _5A, a
laptop computer 80 includes a motherboard 82. In this implementation,

parafigh ganneqtiensrhEYVESR ﬁS‘eFkP@téteréfsﬂ%ge@réb%%%%%?gﬁ{ﬁt%&O may

incorporated on the motherboard 82. For example, the ina

aleonmeotiens wiﬂme%mggﬁﬁ@@gp@t@réna7a8§t38q‘|r§6(f(§/§|@\@8nverter

in FIG. 4A. Alternatively, the terminal shorting connections may include

94mesahsiitieneis G8IbatREE IABPRSIESIM HIRRT /ﬁé’kpﬂ@fem@lgﬁwz:rfx BiColtage
motherboard 82. Referring now to FIGs. 4B and 5B; the laptop computer

regOinsa iitelude-ona0e MaserRiH Dée fABYARHBERFO ASARICTIRGY] Mequire higher

previous implementations. [0083] Referring now to FIGs. 6, 7 and 8, a
volégpgep. cempeierrafis)ae laptop computer 90 may include a first load 96 and a
second load 98. The first load 96 may require a first voltage, such as 1V. The
second load 98 may require a second voltage that is greater than the first
voltage, such as 5V. If the batteries provide a battery voltage output that is less
than 5V and greater than 1V, step up and step down converters may be used. In
the present implementation, the step-up DC/DC converter 94 boosts the voltage
of the battery pack 66 to a voltage suitable for the load 98.

[0084] In another implementation, the laptop computer 100 may
include one or more peripheral devices 102 (.e. a hard disk drive (HDD) or a
digital video disc (DVD) system) that have more than one voltage requirement as
shown in FIG. 9. For example, the peripheral device 102 may require a first
voltage of 5V for a mechanical element such as a motor 104. The peripheral

device 102 may require a second, lower voltage for another electronic element

108. In the present invention, the electronic element 106 may be able to operate
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also include a step-down DC/DC converter 92 and a step-up DC/DC
converter 94. Semiconductor devices in laptop computers.may have
relatively low voltage requirements. However, certain semiconductor
devices may require higher voltages. For example, the laptop computer

at9% raay inelpde giiystinag,86 anda é%@%l,oﬂge?fgg dr%é%rg’ t] ear}%egg.réog may

may require a first voltage, such as IV, The secon may requi

opRaeead NQingerthahis-0saaiet them thefy. ?hgﬁﬁff%:%é%%h%{] Ssa!/?;\//nbé%hg f5V. In

batteries provide a battery voltage output ater

coasnii¥nates sie AROtBERNHRMICORVEIte s Mayhe %?%qi%@n]ig tpuc%%gg?{ectronic

implementation, the step-up DC/DC converter 94 boosts the voltdge

eltnechattery, ack 66 48 muaiaan sHitable dandhe 1ead 98./0R84] & another

implementation, the laptop computer 100 may include one or more

peripftrabflevieasnikiz(i.ana haad sigkLrive (dRD) %Q%?tité?\ls}ﬂidg eni%%% in a

(DVD) system) that have more than one voltage requirement as show

pafFielod Boitexamplesthg-praphprahgexiss 1 02 MaN LS o %‘%ﬁs"ﬁ!&arﬁ%r, the

of 5V for a mechanical element such as a motor 104. The periphera

lapfericd0iteay mequir@mgméplgw%@ﬂﬂ@g&me%{é}th%%‘?&gn@%dgg 5V to

element 106. In the present invention, the electronic element 10

thale thapeitel &8 attal (aNge @W%W@Cﬁ@@é@%ﬁeﬁh% not required

electronic element 106 may operate on power from a single LiOn battery
forstecelertisiippevaitage 08 5V.1in covsv ensieRal BSOS HIRLOBRIAG Rt 06 is

5V in a series arrangement, the electronic element 106, as well as the

confegsiradidal ofematet 404, loperatpbEM dRA8E] HOweNess tRe HSE 8l which
device 102 may also operate in a
negates the need for an additional step-up DC/DC converter.

[0086] Referring now to FIGs. 10-12, a laptop computer 110 converts a
battery voltage to a 5V supply voltage according to a two-stage DC/DC
conversion process. In some implementations, the battery is a Lithium-lon
battery, although other types of batteries may be used. The laptop computer 110
includes a DC/DC converter 112, a step-down DC/DC converter 114, and a 1:n
step-up DC/DC converter 116. The DC/DC converter 112 may be a step-down
or step-up converter according to the voltage requirements of the load 118. The
DC/DC converter 112 converts the voltage of a battery 120 as described in
previous implementations.

[0087] The use of a step-up boost converter may be less desirable for

certain high current applications. For example, the voltage of the battery 124

may be between 2.7V and 4.2V. The step-down DC/DC converter 114 first
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parallel distribution arrangement in the laptop computer 100. In this
manner, the laptop computer 100 includes a step-up DC/DC converter
108 that provides 5V to the mechanical element 104. A second step-up
DC/DC converter is not required for the electronic element 106. In other

comards, tthe eddtetpendd elematatyl 084stcantgieddnRperate bR the step-
supply voltage as well as operate at 5V, which negates the need for an

doadditioNalCstepruprCIDE convertert{e0gbid3efenming mavwde, HISs 141 The
a laptop computer 110 converts a battery voltage to a 5V supply voltage

stefeoording/teCa twosstege DOIDEL asyessiON PEICRSSs IMMSOMRver voltage to a
implementations, the battery is a Lithium-lon battery, although other types

higitesatteliegenayitebigsddr The laptdp t2puterr 1éRainpludesa BEMG DC/DC
converter 112, a step-down DC/DC converter 114, and a 1:n step-up

CODGIBT ddifverer 4 162 TornDE AN qaitivedat 148nvayena Samdewn e step-
step-up converter according to the voltage requirements of the load 118.

domieDOEIOC coredaed 142adivetothe yiokage nfgehatiech?ons, the step-up
described in previous implementations. [0087] The use of a step-up boost

D @biverenarisr id fessgdsinable fon centznsiighraticrenst mppioasigns. For
example, the voltage of the battery 124 may be between 2.7V and 4.2V.
The Et@B&ownTDeIBGldbedernahtdriisin20moryets thety dlagetht Foregoing
battery 124 to a lower voltage. For example, the step- down DC/DC

degsHntnerthautaerivens tiee voltagecbtiteervattent IR thi@rBdarTbe implemented

. step-up DC/DC converter 116 subsequently converts the lower voltage to

N 8 \AgABf ObligessuithBleTerent iveehlied. ey éxaaTpleratisectten-Upown battery
DC/DC

pack and/or power supply configurations in a parallel battery distribution. For

example, a power supply or battery pack may implement a parallel battery
distribution with universal serial bus (USB) technology according to any of the
implementations described herein.

[0089] Referring now to FIG. 13, an exemplary mobile computing
device 200 with loads is shown. The mobile computing device 200 includes a
central processing unit (CPU) 204, memory 206 (such as random access
memory, read only memory, and/or other suitable electronic storage) and an
input/output (1/0) interface 210. The device 200 may further include a graphics
processing unit (GPU) 212. The mobile computing device 200 may include one
or more peripheral devices such as a digital versatile disc (DVD) 214, which
includes one or more motors 218 and control 220. Additional peripheral devices

may include a hard disk drive (HDD) 224, which may include one or more motors
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converter 116 has a 1:2 conversion ratio and converts the output of the
step- down DC/DC converter 114 to 5V. For higher voltage_requir_ements,
the step-up DC/DC converter 116 may have a 1:n conversion ratio as
necessary. [0088] Those skilled in the art can now appreciate from the

22@@9@agc&lﬁ?&riHﬁ'&&hﬁ@%@%@Fo%ﬂéeagbiBﬁsz%fo”?ﬁ%‘y Nt i(Q \é%ng%% io output

can be implemented in a variety of forms. The present invention may

29D QUBORICHIBRIKOMRBRISK RGN PRSI, COMNAION Yo

in a parallel battery distribution. For example, a power supp ery

23AaGKmey 9plemeiiadpREaiel baitens rdistibuiian with paiversal ser ir%tl)in erface

bus (USB) technology according to any of the implementations describe

24pereine (0B Refering MR FIGHd 3 Al eXsmRlRnLmoRlg %Z%B"d}g%tgj%umns,

device 200 with loads is shown. The mobile computing device

tolnglusies aneRMEHRIORRRNINT WRE{SIRIhR04¢ %@Q%\Vigg@@%ﬁsoe grouped

random access memory, read only memory, and/or other suita

intelesieonicraioagritAnd @A DAY RS (4R) IBtErTacs %Jrthhﬂéirﬁvé?edescribed
200 may further include a graphics processing unit (GPU) 212. The

abanahile computing device 200 may include one or more peripheral devices
such as a digital versatile disc (DVD) 214, which includes one or more

motqed13 anRessirpl2ROwAdditional pesinherpldryicss rm%mgﬂ?%e%éteries

hard disk drive (HDD) 224, which may include one or'more motors

acaorhimgontiolnmeitiie toi2 IPolhe d@‘dﬁ%@@@%&?&ﬁ%@é‘ﬂ@{]g%’%@w&4 and

232 such as an audio output jack or speaker. The device may includea

a stisplay 22deinRA8 23he shsterBYe2240AR0I A AVEles5 106843 Rarallel and
network interface

supply one or more loads 250. As can be appreciated, if the first battery 244 is a

new and/or fully charged battery and the second battery 248 is in old, defective

and/or fully discharged battery, current flowing to the second battery 248 may be

too high and cause damage and/or other hazards.

[0091] Referring now to FIG. 15, a mobile computing device 300
includes a distributed power source 302 and current sense and protection
modules according to the present invention. The device 300 includes batteries
304-1, 304-2, 304-3, and 304-4 (collectively batteries 304) that primarily supply
loads 306-1, 306-2, 306-3, and 306-4 (collectively loads 306), respectively.
Sensing and protection modules 310-1, 310-2, 310-3 and 310-4 (collectively
sensing and protection modules 310) are connected to the batteries 304-1, 304-

2, 304-3, and 304-4, respectively. The sensing and protection modules 310-1,

310-2, 310-3 and 310-4 sense current flowing through the batteries 304-1, 304-2,
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242. The inputs 236 may include audio input, a microphone, a k_epypad,
buttons, touch pad and/or other inputs. Components of the device ZQO _
may be grouped into one or more distributed load centers and supplied in
the manner described above. [0090] Referring now to FIG. 14, current

SWtigeiiniigmatohed patitbi: acsordngriatberRsiar AtHSHOMBAribed below.
circuit 240 includes a first battery 244 and a second battery 248. The

A et adun B 24 scarercomiested initpatalekandirty Rl M8RERN Snodules
loads 250. As can be appreciated, if the first battery 244 is a new and/or

3 lIyesisdrge dh brattergcandrtketssigoiad hatteryrdddtisdnaldodefestiVEsntrol signals
and/or fully discharged battery, current flowing to the second battery 248

fo ma&pBigotoochighrind feawisey dathegegandiereothesthazasds sl991]  while  four
Referring now to FIG. 15, a mobile computing device 300 includes a

baigpifersgsowings antepso@ aiuhcriteiiisepsrABIPEREFHIONAEMAYES and/or
according to the present invention. The device 3OQ includes batte_rles _
fewenpaisDmay SeaBedria 30zmdicuotedtiyenbaitatien 304) that primarily
supply loads 306-1, 306-2, 306-3, and 306-4 (collectively loads 306),
respEt@9ely. Rekiripgndgrotedis. MedylesQikbeht 316t8:RI93a8dIe 330 is

310-4 (collectively sensing and protection modules 310) are connectgd to
shiba tBACH B BEACTD 30408 it 3 BDhdiudspechieitT he SePsiRGors 330-
and protection modules 310-1, 310-2, 310-3 and 310-4 sense current
1 fittlirtg tRrStgh the BaCeRSS304- 1VbeA 2 UBEBUAIRYdtBA4GHN ANspective
suitable manner limit current as will be described below. A control module
bagsp/csmmtiRriansy waw thihectisingistodspaaiection modeleson. When current

exceeds a threshold, the transistors 330 are modulated and/or turned off to
adjust a resistance Rpg provided by each transistor 330. Some of the transistors
can be selectively turned on while others are off. While parallel arrangement is
shown, a series arrangement can also be used.

[0093] Referring now to FIG. 168, another current protection circuit 340
includes a resistance 342 and a parallel connected switch 344. The switch 344
is normally closed. When current through a respective battery increases above a
threshold, the switch 344 is opened fo increase series resistance by adding the
resistance 342. As a result, current flowing through the batter decreases.

[0094] Referring now to FIG. 16C, another current protection circuit
350 shown to include a variable resistance 352 and a parallel connected switch
354. The switch 354 is normally closed. When current through the battery

increases above a threshold, the switch is opened to increase series resistance
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310, receives a sensed current signal and generates one or more control
signals to control current flowing through the batteries 304. While four
battery/load/sensing and protection module pairs are shown, additional
and/or fewer pairs may be used in a particular implementation. [0092]

byRefeinggovaioable .rdSidtanedrrent proteetion; modile 330 is g%% may be
ors 330-

The current protection module 330 includes a plurality of transi
ad)y98a-238k Scont@Nch@sul. Wiiten aurentdlowing tRioUIh A kRSPAGL

battery is sufficiently low, the transistors 330 are turned on. Whenac:lﬁ%&rﬁ%h the
badieredets eatbreshold, the transistors 330 are modulated and/or turned off

to adjust a resistance Rn5 provided by each transistor 330, Some of the

trangj8a8S] caribeseeirctivepidHipatiapvhimethessare offtihile parallel
arrangement is shown, a series arrangement can also be used. 10093

baefiersing THew rtesFiEnd68, @notber iewpieRidwRIectom §incuiist4Q iRgidRSors o
a resistance 342 and a parallel connected switch 344. The switch 344 is

otimersiaiighitosediWhentsurin tuodgla a lﬁ@@ﬁ@@iyﬁ{h@%mg@r@ﬁﬁﬁﬁz’ansistors
above a threshold, the switch 344 is opened to increase series resistance
or pfreddingeahle cosigtaneat842. As a result, current flowing through the
batter decreases. [0094] Referring now to FIG. 16C, another current
protd 8RN LirciiY iB0 hmvinvieritichidess viesiahleersistanee 35S &ion with
parallel connected switch 354. The switch 354 is normally closed. When
Pagiicréat txenytiehethattmt; ihereasessabpuedt tikeshokhiBe SMEEIS ot be so
. opened to increase series resistance 32 by adding the variable resistance
limitsa! sineeesibrincwdificidipnevididdomeyrhe apparent to the skilled practitioner

upon a study of the drawings, the specification and the following claims.
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adjusted by the control module 320. As a result, current flowing through
the batter decreases. [00951 In some implementations, the batteries may

be single cell batteries. The resistances can be implemented using LLOYD WISE

resistors, transistors or other suitable components. The switches may be
implemented using transistors or other suitable components. [0096] While

this invention has been described in connection with particular examples
thessat the true scope of the invention should not be so limited since

other modifications will become apparent to the skilled practitioner upon a
study of the dravisigbutee peeifivatin, anthemisifglowing claims. 33

LLOYD WISE CLAIMS 1. A distributed power system, comprising: a first
distributed loa® HehiFtHAVIRY PR Sprfididripa diiet hesRNd eRd terminals and

REUHES & S35 e TOHP T oD o ConRtron aouces o
SEAR95830 WILIEELD Fgme gro%@r@mfgw REOSESSRNILGR g un

o)
r|ve (HDD), and a DVD drive; a second distribute

ceptsy, hﬁam&;ﬁ,rsat @r@pﬁ%@c’ﬁ@&%@lﬁgruﬂma{l@msﬂ altdingsRAAASTADD), and a
second distributed load, wherein said second distributed load 10 includes
atMBadivane load that is selected from a group consisting of said CPU,

said memory, said graphics processing unit (GPU); said hard disk drive

(HDD), and sddpecond distributed load center having first and second load terminals
and including at least a second distributed load, wherein said second distributed load
includes at least one load that is selected from a group consisting of said CPU, said
memory, said graphics processing unit (GPU); said hard disk drive (HDD), and said
DVD drive that communicates with said interface;

a first distributed power system that includes a first battery that is directly
connected and primarily supplies power to said first and second load terminals of said
first distributed load center; and

a second distributed power system that includes a second battery that is
directly connected and primarily supplies power to said first and second load terminais
of said second distributed load center,

wherein said first load terminals of said first and second distributed load
communicate with each other and said second load terminals of said first and second
distributed load center communicate with each other, and

wherein said first distributed power system supplies power to said

second distributed load center and wherein said second distributed power system

supplies power to said first distributed load center.
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DVD drive that communicates with said interface; a first distributed power
system that includes a first battery that is directly connected and primaf'iil)é_m WISE
supplies power to said first and second load terminals of said 15 first ~— "~ """
distributed load center; and a second distributed power system that

includes a second battery that is directly connected and primarily supplies

power to said first and second load terminals of said second distributed

load center, wherein said first load terminals of said first and second

distributed load 20 communicate with each other and said second load

terminﬁ!s of sgidnﬂ)rgt and secgﬂd C?istributed load C%Qter.corglmugicate

. 1 .
with each other, and wherein said first distnbuted | ﬁow%rdésﬁte%e {Pigls System of

@ﬁwgrltgnﬁ%ﬁgc&g}ggd%gg yted load center and wherein said second

distributed power syst stipplies power to said first distributed load

center. 25 14&&9&%&@%@6@% r&‘hqp' élgzﬁmputing device comprising

the distributed power system of Claim 1 and further comprising: said

central proce§§iﬁ%‘éﬂ{%§9%QQ%E%{%H&?&E%@’ Vy& ts%(?mpicates with said

CPU; an interface that communicates with said memory dnd said CPU;

and a display that commynicates with saldjnierfage. 3, The distributed

power system of Claim 1 further comprising a sensing an

a display that communicates with said interface.

3. The distributed power system of Claim 1 further comprising a sensing and
protection module that senses current flowing to said first distributed power system and

that selectively decreases said current.

4. The mobile computing device of Claim 2 wherein said mobile computing

device comprises a laptop computer,

5. The distributed power system of Claim 1 further comprising a battery pack

that includes said first and second batteries.

6. The distributed power system of Claim 1 further comprising:
a first battery pack that includes said first battery and a second battery
pack that includes said second battery,

wherein said first battery pack has first physical dimensions and said

second battery pack has second physical dimensions,
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protection module that senses current flowing to said first distributed

power system and that selectively decreases said current. 4. The mobile
computing device of Claim 2 wherein said mobile computing device  LLOYD WISE
comprises a. laptop computer. 5. The distributed power system of Claim 1

further comprising a. battery pack that includes said first and second

batteries. 6. The distributed power system of Claim 1 further comprising: a

first battery pack that includes said first battery and a second battery pack

that includes said second battery, wherein said first battery pack has first

physical dimepsions and said secaond.hattery pack Ila second physical

dimensions, 3%%[3%%%%/%&@%%@% a 1%{8. g ONE™ fig}ﬁnﬁ}g%ﬁ@&b@?mﬁ than at
[ jons.is different than at least one of said second physical
%i%gﬁé%oﬁzﬁ%%e\?v “éir8§“ i‘,lgl% ﬁlrrﬁegglt?élrsy %néj?k is located remotely from

said second %&%%pggllél?’lgﬁ i%éﬁ@%ﬁjﬁ%@?suqggage%\/i%erai}g&]%%ra{ntﬁﬁd second

distributed power system of Claim er comprising a

gﬁg{g%e spid first bat ery,.8 id second battery, and a first connection
betw e%aﬁrst term%%%é of s%ll%u%%% g%\él%eécond batteries and a second
connection between second terminals of said first and second batteries.

8. The mobile computing device of Claim 2 further comprising a

moth_erlg)_pard tﬁ% 9@%@&%&8@\@%9 Hg)ﬁ%rg%%%{]ms Igugﬁlsetlflggglé?{smﬂg%%attery pack
of said first and

that includes said first battery, said second battery, and a first connection between first

terminals of said first and second batteries and a second connection between second

terminals of said first and second batteries.

8. The mobile computing device of Claim 2 further comprising a
motherboard that provides connections between said first load terminals of said first and
second distributed load centers and between said second load terminals of said first and

second distributed load centers.

9. The mobile computing device of Claim 8 wherein said connections

include:

first metal stiffeners that connect said first terminals of said first and
second distributed load centers to a power traces/planes of said motherboard; and

second metal stiffeners that connect said second terminals of said first and

second distributed load centers to a ground traces/planes of said motherboard.
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second distributed load centers and between said second load terminals

of said first and second distributed load centers. 9. The mobile computing
device of Claim 8 wherein said connections include: first metal stiffenergt0YD WISE
that connect said first terminals of said first and second distributed load

centers to a power traces//planes of said motherboard; and second metal

stiffeners that connect said second terminals of said first and second

distributed load centers to a ground traces/planes of said motherboard. 36

LLOYD WISE 10. The distributed power system of Claim 1 wherein said

first battery hagea fjtst caRaciy.and said,seeend;hattery, :
capacity that is differelnt thacng) said fir§st capacity.1 11. The di%ﬁ?ggfe%%gv%?ry has a

pysiamaefi-laimd duther comprisinga fitsb PC/ gicﬁ? NG AR ot télan said first

receives a first voltage from said first battery and that outputs a secon
Aplage to said first distributed load center. 12. The distributed power
system of Claim | i wherein said DC/DC converter is one of a step-down
converter and a step-up converter. 13. The distributed power system of-
Claim 11 further comprising a second DC/DC converter that receives a

third voltage fragusaichlitst hatkery356:that outhHts A AU YRGS 5o Do/DC

said second distributed load center. 14. The distributed power system of

dolaisnbiunherceormayisings il LGB caavaHe A CGRIVESR Jifluts a second

voltage from said first battery
voltage to said first distributed load center.

12, The distributed power system of Claim 11 wherein said DC/DC converter

is one of a step-down converter and a step-up converter.

13. The distributed power system of Claim 11 further comprising a second
DC/DC converter that receives a third voltage from said first battery and that outputs a

fourth voltage to said second distributed load center.

14, The distributed power system of Claim 1 further comprising:

a first DC/DC converter that receives a first voltage from said first battery

and that outputs a second voltage;

a second DC/DC converter that receives said second voltage from said

first DC/DC converter and that outputs a third voltage to said first distributed load center.
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and that outputs a second voltage; a second DC/DC converter that

receives said second voltage from said first DC/DC converter and that

outputs a third voltage to said first distributed load center. 37 LLOYD

WISE 15. The distributed power system of Claim 14 wherein said first ~ LLOYD WISE
DC/DC converter is a step-down converter and said second DC/DC

converter is a step-up converter. 16. The distributed power system of

Claim 15 wherein said second DC/DC converter is a | :n converter. 17.

The distributed power system of Claim 1 wherein at least one of said first

battery &and saig seceng hattery.ipcl i seyi S. USI% ‘

battery. 18. The dis,tributel@gI p%%?iﬁ%nﬁoﬁ%\giﬁi% %&f%%ﬁeélaiscf S@ st DE/DC
chatienyr |m§Iudg§1§1§d§|@ H @59%g@_gpt§[_§§|qﬁiqegg;%ﬁ9 ﬂ-@&)?sgolg%?% 1s a step-up
power system of Claim 1 wherein said first distributed load center
copeeatas at a first voltage and said second distributed load center

operates at at least one of said first voltage and a second voltage. 20.

The distributed power system of Claim 1 further comprising: a first

contactor that selectively disconnects at least one of first and second

termingds of Saig fﬂﬁsmﬁ%w@@baoyg@feﬁysi?'@ilﬂrﬁe??'lgh%%ﬁ?%‘?& that bpd DC/DC

selectively disconnects at least one of first and second terminals of sal
ceeeendr disiributachperer system; and 38

17. The distributed power system of Claim 1 wherein at least one of said first

battery and said second battery includes a universal serial bus (USB) battery.

18.  The distributed power system of Claim 17 wherein said USB battery

includes a short circuit protection device,

19, The distributed power system of Claim 1 wherein said first distributed
load center operates at a first voltage and said second distributed load center operates at

at least one of said first voltage and a second voltage.

20.  The distributed power system of Claim 1 further comprising:

a first contactor that selectively disconnects at least one of first and second

terminals of said first distributed power system;

a second contactor that selectively disconnects at least one of first and

second terminals of said second distributed power system; and
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LLOYD WISE a short circuit detecting module that communicates with at
least one of said first and second contactors, that detects a short circuit in
at least one of said first and second distributed power systems and that wiaE
selectively disconnects at least one of said first and second distribute LOYD WISE
power systems. 21. The distributed power system of Claim 14 wherein
said first DC/DC converter operates at a first frequency and said second
DC/DC converter operates at a second frequency that is different than
said first frequency. 39
a short circuit detecting module that communicates with at least one of

said first and second contactors, that detects a short circuit in at least one of said first and
second distributed power systems and that selectively disconnects at least one of said first

and second distributed power systems.

21. The distributed power system of Claim 14 wherein said first DC/DC
converter operates at a first frequency and said second DC/DC converter operates at a

second frequency that is different than said first frequency.
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