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BACKGROUND OF THE INVENTION

[0003]) Mobile digital 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
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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 computers.

[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-
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[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



the second battery, and a first connection between
first termnals of the first and 3 second batteries
and a second connecti on between second termn nal s of
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[0011] In other features, a first DC/ DC converter
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distributed | oad center. [0012] In other features, a
whergin ot least baecdtbe first physical vieasibis $s differemtgaan 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.

f0011]  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



fromthe first battery and outputs a second voltage. A
second DC/ DC converter receives the second voltage
fromthe first DC/DC converter and outputs a third 4
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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
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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
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[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
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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.

[0022] A distributed power source for a mobile computing device
comprises first distributed load means having first and second load 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



[0022] A distributed power source for a nobile
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distrlibnu(;(lac;J O;l)(ce)iver 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
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third voltage from 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 o 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
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[0025] In other features, first DC/ DC converting neans

converts a first voltage fromthe first battery to a

second vol tage. Second DC/DC converting neans

converts the second voltage fromthe first DC/ DC .
preveptingrahany cireditss tthe frrwgusénm&ed dgad feantemeperates at a first

distributed | oad center. The first DC/ DC converting
voltagzaand the secinebdidtributed ioeer ¢attenopertahes statdedstBAdD6r the first

converting nmeans is a step-up converter. The second

voltdde BRd GO8&EIHd PaitaRANThe DE/EC toh0BMRIG Bleanéthas! £@8hversion
one of the first battery and the second battery

ratlddg%& E;q§§sﬂ'1éﬁ‘bl"§ lgagltoge{lal bus (USB) battery. The

attery I nc s short circuit protectl ng neans
h i, t
o logAtCt Ol Phah%eaifitds, rEpLFuket medts F?'Pgﬁve'm'wa@ects at
t he second dj stri but ed | oad center operates at

an

least oper obthe Brst@nel pesand terprinalgeclaing first bedre. v&}chgé switch
The DC/ DC converting neans has a conversion ratio

meanisaseleetivieds dischaneets atgleast poesf the fireDasd secoodterminals of
features, first switch nmeans sel ectively di sconnects

the aECOmdaaatteqmeSCbnbrlt tiecHiti detectind medulsccdremimivaltes afitht dtcleast
first battery. Second swtch neans selectively

one @f%ﬁ@ﬂf&%\h@ gticoh@awitcPedhs | ddtebls’ S5 Eireie Wé’t least one of
termnals of the second battery. Short circuit

the ﬁ 'sréQ:oHB3&5&%{{%&M&@@hﬁelﬁ”d‘&o@h«;&t@aaitlga Hhe Bf the first

I'rst an ects

Ci rcwt st .0 the f st and second
andiiddad baflrfte. sl APy /A0S ConviRg ans aberaies e a firs
the first and second batteries, The first DC/ DC
frequeRGe ranth gheesarondp DG PEs canvartingr srearrsr ogeeates atha second
t he second DC/ DC converting neans operates at a second

frequencuthat js diferentsdhan tHefiestfregbancy.he first frequency.
[0027] In other features, the nobile conputing device
cop@d2Xes 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 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

11



processi ng neans for processing, nmenory neans for

storing that comrunicates wth said processing neans,

interface means for interfacing that comuni cates

with said nmenory neans and sai d processi ng neans and
receilesppawenfans thefirstddispitajed pawert systemuduring esew Ansecond

said interface neans. [0028] A distributed power
distributed modd centerdiad éirstamulisecondltad eerndoalp) irbhiisdes at least a

not herboard that is adapted to be independently

secdiNd@igtibeted Ba Ahd primdtly FdddiEsfoReMebmsthat &Bond distributed
including a first battery and a second distributed

cl r
powgp‘éﬁtegﬁ%iﬁgﬁgg % C*gﬂ Sﬁﬁé?ag%rgé‘ltdgg és(,)é’@éﬁ{ 6ﬁ§Bgtween the
eryjmnal s | ude eas r.st, . di stributed,l,0oad
first Iz YRRt P e figEaf &8&%‘%6@&?”‘?4‘8%‘%{%"?”‘?&% §fa ' Second

di stributed power systemduring use. A second
|03ddﬁ§’f‘ma|!ﬁ1@fe‘<ﬂ‘elfﬁﬁﬂa'&%ﬁt?@‘?"dﬂ@"fb ed loashcaeydersad | oad

termnals, includes at |east a second distributed

| of028)d |dni ather | fgatuwresi thes fipsdvadistributed {deel sesceletted from a

di stributed power system during use. The notherboard

group lcovisidtiag conaecenipals phejeeeing LRk (CPURtal @eehory, a graphics
termnals of the first and second di stri buted Ioad

proce8ingf §n@3@5F‘LrJT)9 2 ¥epd disk @Rde! @IDDN2ER of DVIP cereSt The first
and Second distributed Ioad centers. [0029] In other

dlstlfltﬁﬁéa' rI8§d id gglec éos?rogr# %téﬂogﬁtc?og]sﬁﬁ@ 6f5a %%lnﬁ% Fogesgmg unit

oup consi S ng or a ce cessi ng un

A TY raﬁ%@”rﬁ?%’ééeﬁp%{%ﬁgééﬁiw RS Uh s SR s e THoD),

distributed load is selected froma group consi sting

andgr DY Dedine- af lpplopcspmprisasrhe digtdpuled powemsisjemaA  — battery
graphi cs processing unit (GPU), a hard disk drive

pack ifidiid®)s thedirdt and¥keEonid batterigs.| Afirepbattargmaskdntlbdes the first
di stributed power system A battery pack includes the

battery ahd ansécone Gitdimiphek imdudds the Sécdilt battery PaHe first and the
i ncludes the first

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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battery and a second battery pack includes the second

battery. The first and the second batteries include

Lithiumlon batteries. A battery pack includes the

first battery, the secaond battery, and a first
traces/plABES i N8 dDOMERPaaTst T he AiRtrhatiery asra firsti Gapaciiviand the

second batteries and a second connection between
secahglchattery dasi anseconsf capacity thatds diffetestthandhe fitsteapasity.

[0030] In other features, a nobile conputing device

co[a@31}es lhhethetti fdatuteist eihepdvatr baytekerpackN@as first physical
connections include first netal stiffeners that

dim&RBRE bnb el ddcdhd! Bt 3 atKkOhad '%%cghdi?hﬁﬁ?l affi@élons. At
to fraces/p

di stributed | oad center power anes o

oo, U9 B R BRI MBbE 5L 4E A5 o5 BBhy b o e

| oad. centers to. ground 12 traces/planes o he
Sec?%fﬂ@f%%%r MERRIENS; r eﬁeﬁﬁ@wa clyig %I@%ﬁ%ﬁe{yyfrom the
and the second batter_ly has a second capacity that is
secidr battent pactain thee maobilet coraputing yeviceo3A) firsh D&/R&r converter
features, the first battery pack has first physica
recetiesem §irsinoltagd frdme tise ficst batiery end qapkishasesmabusltage to the
physi cal dinensions. At |east one of the first

first pdigi#iboedd dba@nsdrpas i sheli DEADENEohEErals loRBSbf AN&td-down
the second physical dinmensions. The first battery

conRaf dridd boﬁ?%-%g ESRHelY A EQ%E@PQI?}%?8%}%(6tr85¥iv8§%third

I n the nobi onputi nfg_ devi cel. f L
vord Y8 I S BERENE i, Shus0: A0 TohfSe 14 he second
cistip Sel Jo3Hh GhnteZcRVER: OE/ B Brie regempdTBLYOIGgS from the

~ second DC/DC converter receives a third voltage from
first thadtery rand loutnuis \a sedonditvaltegea fosecond MEAYR canvetter that
second distributed |oad center. A first DC/ DC

receqvasvthvet secorel eolage frohi th firstl D@URCoomvettbe 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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first battery and outputs a second voltage. A second
DC/ DC converter that receives the second voltage from
the first DGO DC converter and that outputs a third
voltage to the first distributed |oad center. The

one pf fisgt and sxsansrigaMinals Pk the first distiitiad aomessysterand second
the second DC/DC converter is a step-up converter.

contaptor setentivelpclis@mwoieat mast ona of finstcndvsegond. teAminals of the
| east one of the first battery and the second battery

secartt| didtdbitedniptaveral syieinal bus §h&B) chratit erdetecting UsBdule
battery includes a short circuit protection device.

comhilfhicdtes "with @rleéﬁabHée& th‘ehﬁrsft |t sgécg{d 'cBHfa%‘?orE;o@@tects a

center oper ates at a first voltage and the second

shorf! ﬁﬁEu* f%asf ? 8%)? Qﬁ{% first %Z{ga%egz%ngtq %Igbﬁém&gf f@tems and

seleggnverc{@c%n%sct% gé;etrgégqugt?@l 19 gséfaga §Igécp| %?Stlt'ltr)]&re]d power
di sconnects at Ieast 13 one of first and second
systeaisni the §rsdDG/REC convarterieparpigstala fishirequeaeyeand the second
second contactor selectively disconnects at | east one
DC/BL tometrternoperatasndt 8 esetondl fseqieridyethas éc différent than the first
di stri buted power system A short circuit detecting
freqo@sit).e communi cates with at | east one of the first
and second cont act ors, det ects a short circuit in at

epgdagne Almbla’ o Sl SLERNb b oW SALrBOYSH o mobile

ecti 9 Sconnec ast one o
nd second di strl but ed stenms., The

conlfgl SRR P oG, B MaRetBRrL I3 KRBl to be

and the second DC/DC converter operates at a second
indepepgaathe \ronngetads 1) a fisste Atstibidpd  prwen systery rieeludingya first

[0033] A nethod of _grow ding a distributed power
batteyuesd Boseconebislistabuiedmpowen gsyséerc inclustipg i s esecond battery;

provi ding a notherboard that is adapted to be
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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i ndependently connected to a first distributed power

systemincluding a first battery and a second

di stri buted power systemincluding a second battery;

providing a first distributed | oad center that has

fi [@A34dnd Ipectbrd featides.cihei ficst distdhdtedniaad ischalgstedafrom a

| east a first distributed |load; primarily receiving
groupowensisting hef af berﬁtaldbﬂice'sbingednilt q@P e rd enefopyn tihgraphics

first distributed power system during use; providing

procesSREP DAt AGR D), batiedd! @8R i eHpD)atandaa bMsidrieed and the

second |load terminals and that includes at | east a

sec@ﬁc?‘agégglgu% cggér‘ég %t@ﬁp wiﬁ’éﬂeﬁrtﬁé ¥|r§te%§fr‘b'uﬂ&j | slected

er 'fromthe second distribute

Qwer s and canne the first
fforff’aagaw%% h§ing B B otta e RsRB0 LR .smﬁrbou%%grapmcs
oad centers and the second | oad termnals of th
proqqs'sgtg anit (GBEana hatd cisk diive dHPEgapd @ BVD dEveg thwemethod
not her board. 14 [0034] In other features, the first
inclufiest impletrentingdteidistsibltect power systam gr edppt&pnscbmputeg. The
of a central processing unit (CPU), a nenory, a

metboaphdlcdes paciering fite first antd@ddbonddt@ridsdh %bdmerzq:ack. The
(HDD), and a DVID drive, and the second distributed

metﬁ@%ﬁﬁclﬁd@é P%ké@rﬁ‘é i filshBaftb RS Afissk 'b'aﬁéhﬁﬁaglfﬁﬁd ti%e second

sel ect ed roma group consi St ng of a cen

sSi [ r r ; ;
o GRS ARl bt iact TERR o0l RV rgen e
L'th E/ | ve. The nmethod includes inplenenting the
ithigna fon B %rbespower systemin a | aptop conputer. The

met hod i ncl udes packaging the first and second

batl@@3%kes Innothepieatyrss, ﬁb@ imethpd inglueas erevidingda dattery pack

packaging the first battery in a first battery pack
thatandiudkee the ficsi datteny,ttheyseicond batteon daraha ffiestycgraekctio hetween

first and second batteries conprise Lithiumlon
firstaatrhitial£6f 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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[0035] In other features, the nmethod includes

providing a battery pack that includes the first

battery, the second battery, and a first connection

between first termnals of the first and second ' _
secdrut pbysiesl dimenrsiers ot leashans oh thetfirele physiea oditnensions is

termnals of the second batteries. The nethod includes
differéfitl @vamnat ngadthene difsthiel bet@ poveicab yimhensions.t h€he method

nobi | e conputing device. The nethod includes using

incn{%ersfﬁﬁgaﬁgkhé fith FRMRRP phek FOMBEAY fEdie thé seboh@battBA) ack in

st and second batteries to power

/ . d. et al.
tne SRATBSHBLBUTT f P4 SHEBRKC R HANAG' gz DI
conygra b EieREi B0 Hot [GUaEF oMo T1Sbiagen; eas et suputs a
the first battery has a _first capacity and the second
second veltgoede the fieidradcapd W/Dﬁig@on%eriﬁﬁlsmpf fiostepwlown
first capacity. The first battery pack has first

conyenyeri ared adsteprup oonvertat. t AsesendndCHACt anyepec khataeceves a
second physical dinensions. At |east one of the first

thirdobisgeadrosll therfirsopsttdry ahd thet edtpdidarfoatthlveiage e ehd@becond
the second physical dinensions. The nmethod includes

docating the first battery pack renotely fromthe
second battery pack in the nobile conputing device.

Th hod, i Loi ng a fi e
N RO, 964 s PR aL e ol APl BETNEDG S e
that outputs a. secopd,voltage ,to the first | oad.
DCARE copverSt st Factivess ot JroIizds: By g e RetiedoRnd that
and a step-up converter. A second DC/DC converter that
outpuis @i sesond valtagedand previdingreosecans PIG/RE ennvedey thaideceives

that outputs a fourth voltage to the second | oad.
the [€2@3rH Voltaget frohhdhe ffirat DE@AC tdenvertehoahd nicdtudetputs a third

providing a first

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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DC/ DC converter that receives a first voltage fromthe
first battery and that outputs a second voltage; and
provi ding a second DC/ DC converter that receives the
second voltage fromthe first DC/DC converter and that

battery} pelestively discdnnecdtinggelest bhe dfithe firdt @ad. seCoadftermainals of
DC/ DC converter is a step-down converter and the

the SEsEHdbBEERC apanystetig bSskfors ciBul in @@ NeAdttdie ofr B first and

second DC/ converter is a l:n converter. At |east
t
soofRERBAEIE 411 Sortaf o At P e g o

cec A 8 iy PR 8 BB RS an e

operating the first distributed |pad center at a
Secqndr BC/DE capeertrioreataseabadsenand freauecy tad is aiferent than

at at least one of the first voltage and a second
the first frageencshe DC/ DC converter has a conversion ratio
that is less than or equal to 4:1. The nethod includes

se[0039]vel hurtherc anga tofn@pplicalsibiyt of nheofprédentf im@ntion will
and second terninals of the first 16 battery;

beccﬁﬂb%ﬁda‘f@ﬁﬁ‘fr&h%ﬁ@'&fé%ife‘d"@eﬁlplt@ﬁ%roﬂﬂéd ‘Plferélh§fté|‘ #5hould be
and second term nal s of the second battery; and

undéjl%d;%‘tfs'gi%nt estﬂaﬁ lerd:gégaré}l RY ép\%gﬁltc %&ﬁn[_%s \Vvﬁllé lﬁcﬁ{:atlng

ectl sconnec

| east ope he first, and .cond batterle
the Bl agbeditart BF toemyattoR: % MHENUST digfeRposes of
and the  second DG/ DC converter operates at a second
illusratiem entyanthate pet intendeddadimihte seape afithg invandigdency.
[0039] Further areas of applicability of the present
invention will becone apparent fromthe detail ed
description provided hereinafter. It should be

under st ood BRéEF DESTRIRTION Ge¥HE DRAVWINGS speci fic
exanpl es, while indicating

[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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the preferred enbodi rent of the invention, are

i ntended for purposes of illustration only and are

not intended to limt the scope of the invention.

BRI EF DESCRI PTILON OF THE DRAWNGE [ 0040] The re t

i nlPOAM on NPt | 2Pecisnd neFhemali y l?l%%mst‘?foc?f arrﬂ'ep higattery

detail ed description and the accorrpany| ng draw ng
arrangement forf aokafteryl gackl Ands laptop reemputar |@ﬂdﬁclacd¢>lé§5g’igarﬁﬁ) the

of a laptop conputer including a battery pack with
presbatineéhﬁ@nthat are connected in series according to

the prior art; [0042] FIG 1 B is a functional block

ﬁﬂf 4] OfF |8, Pl aksi ty 8End1RbEST LRjYramoBrecd egafeﬂlel battery
les according to the prior art; |0043] FIG

arra&ﬁ%ﬁ%b?%%e“h%?ég@g%%@ rgt]; (Cg\:r’]%f‘%%ﬂtof)g g?é&hlcs processing
o B0 aeapataicTe FiRameaItERG e %E%Sﬁ%i\w‘féﬁﬁm‘

for a batterg_{b gack and | apt 08 conput er | oads accordi ng
t o[Q046] prRd Aj tsvanfunstionpbdenk diagramg of sa gparallel battery

schematic diagramof a parallel battery arrangenent
arrahgemeehinciidipg battesy teymimals thalPahe, conrasted imparallepbcesrding
processing unit (GPU) | oads according to one

to tHee8BRNIGEAGSN;0f the present invention; [0046] FIG
3A is a functional block di agram of a parallel battery

L@dwﬁmi‘ﬁfld n@iaufé 20 fidRtoRaY H@éﬂﬂdﬁ’% rand it a abérallel battery

nect'ed in parall according to e present

arrahgég{ébh]olﬁplu%&iﬂgrf bf tgg‘lﬁ Hgﬂ\’@ nhtL! COMedE@CK 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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arrangement including battery termnals that are

connected in parallel and DC/ DC converters according

to the present invention; [0048] FIG 3Cillustrates

the battery of FIG 3A with a short circuit detecting

nol@8h8] [ Gido]5AFIis, azfynctipnalt piacksdiagsamr phrydirsaliel opattery

battery packs having different dinensions in a nobile
arrangamenti ingowevatieg shoddg) metatstifeners t@ Granndi ahpoweoplanes

di agram of a parallel battery arrangenent

on airethepsy=at iatgotdingidéie preaeatinvegtiognduct ors on a
not herboard according to the present invention;

|[oa alklhyzl G488 Sis2al HictibeRabidekoBlagtaRof™ Pardilel battery

| battery arrangenent | ncorporating term nal

amarigatEnt ib?@rp?e?%@rﬁ*%%ﬁéﬁw@”m%ga@a&iﬁggﬁ%%ﬁeféo%%D?ﬁ Bgver planes
: : I . : .
on a0 Tt S PE IO daGbhan oo OEa s e dpin
metal stiffeners to ground and power planes on a
noEQQéﬂi)andGacQoﬁdiangum@qnab WMeelks ediagiam eat i rparpited sBattery

FIG 5B is a functional block diagramof a parall el

arraibgementthab mchudesne RC/DE comertdriargl a lstep-upgomeeréer according
stiffeners to ground and power planes on a

to thegiressmaavehtynd DC/ DC converters according to the
present invention; [0054] FIG 6 is a functional block

L. 8 PP LR o QU b St satery
araSG L P e BRI N IS O08 Pl abdoraing
to the present invention;

[0056] 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 paraliel 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 battery
arrangement that includes single and two-stage converters according to the

present invention;
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arrangenment that includes a DC/ DC converter and

step-up converter according to the present invention;

[0056] FIG 8 is a functional block diagram of a

paral l el battery arrangenent that includes a DC DC

coffes0jer FRd 42sisep- fynctionalebiank gdiagsam of a tpareliel battery

present invention; [0057] FIG 9 is a functional block
arradgameamthat mcrhaaled Iserigld adrice tyo-stagenepmverterd leecording to the

i ncl udes peripheral devices and a step up converter;

prede®@hRentibf/s 10 is a functional block diagramof a
par allel battery arrangenent that includes SI ngl e and

VTUSISE FELLEL 1 e DRk 1 B e igmotry mobi

m of | el battery arrangenent that
corquil\ﬁglglgglcgl gpg)a?ﬁd t wo- st age converters accordi ng to

t he resent invention; 19 [0060] FIG 12 |s
fuﬁQQ&Jnal FiGi.odé diugiraies ofUrgeRfars g "'bamts@?%ﬁ“hed batteries
arrangenment that includes single and two-stage

accergingta ieprit@st,di ng to the present invention; [0061]
FIG 13 is a functional block diagramof an exenplary
nolp0063] comait 18ds devimetionat bidckadiEgra®O62h FloBile ldomputing
illustrates current surge in msmatched batteries

dev%‘écmbmd;rg% 20 dishbuied Povddrt sol r@@ﬁé’ﬁd ufrend 3ehse aand protection

functi bl ock di agram of a nobile conmputing device

mo%d]n%é Hgb@‘écrfq@t%rdrggérﬁqn@%r .source and current sense

prote

[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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nodul es according to the present invention; [0064]
FIG 16A is an exenplary electrical schematic of a
current protection nodule; [0065] FIG 16B is an
exenpl ary el ectrical schematic of another current
an glecttanic icoauityoal pregesso0 68jared Gledicgteds oagrewBicamemory that
el ectrical schematic of an active current protection

exet@eubge GEMIrkEELTRESERIOPTioWwalfe PrigrBRis ERRIdmbinational logic
EMBODI MENTS [0067] The foll ow ng description of the

mrmﬂf it/ Gthe P RARABIB o dchd e ﬂ‘\é’[ HS@aBltAE YesBribad EFl.'irﬂ?t:tlonallty

IS in no way Intended to limt the iInvention,

Wh@g%' C@%@e&“ @{Vﬁﬁﬁgﬁ er: Prt?«fuéé’é’c?%%gg C!:(?rﬁ E%t;oﬁ r\731th laptop

to. ident ar, el enments., As used re| t he
comaRIS AN laPlaRipRts. TherB PSS NSRNGaTP aqsns@rypr@efﬁ? digita
integrated circuit (ASIC), 20 an electronic circuit, a
compuiipg séerice angerdmobiei eappdting deyicgulspdandsnesed yerein, the
that execute one or nore software or firmnare
ternp moapilensomautingridienizei refieds toodjigidal dévices thatandude ajtleast one
sui t abl e conmponents that provide the described

intefikened | @Rt Add thi¥hiake ddpabRy @F asding Powdre@nbyid Imdtsile power
escribed in conjunction wth [aptop conputers and/or

souh?eggil‘f@n gl i tﬁgf‘téﬂﬁopﬁﬁﬁﬂﬁor{(ﬁb&@?ﬂ/\@ ﬁ&%bbetﬁe\hé’e.a@kamples of

uti e an

motiBEhb{fng B fEs it v%%%aer Shdt it ol hteb Kol g, MPS
playsisepiEops! %S?%Eas‘é&%tg%@%sﬁtﬁﬁ%fﬁéﬁ%ﬁaﬁndséﬂﬂear ©

such as a battery or other portable power storage
de\[P@e8] ExReferdsgotow 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 ioads 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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nobi | e conputing devices include, but are not |limted
to, laptop conputers, MP3 players, personal digital
assistants (PDAs), and the |ike. [0068] Referring now
to FIGs. 1A, 1B and 1C, a nobile conputing device
sub069d a Trmotagmmdl@prrwrmglodeaa:&ﬁlaﬁwgonbeltef&%ﬁscﬁhown in
art, includes one or nore |oads 12 such as | aptop

FIGI m@dsTbadDelﬂfatcbewrtpaQR dohntuaicapeswvaiith thieebatterg pack?14 via
The battery pack 14 includes batteries that are

condevRC P& adlos 861 €Fhe TiaBtopP REdR! Y2 RRfmbfidate (ithotHe 8E/DC
a centrallzed ener gy source for the | apt op | oads 12.

con\}éh vu&’o&?rﬁiut idig Eé‘tér‘?&/}ﬂ [ (%é eP PYH@%%nGHéfo‘F{ may be

age e | apt op rough con ors

conr&%ctsaﬂﬂ@cf%aretn&eaD&Sf'é%‘ew%”%%&ﬁWdall?@; 3 Bangro i DCIDC

In FIG 1113, the battery pack 14 includes batteries
conygjter 22 rpogives a fléﬁ#dfott@gﬁl%\&hﬂ%ﬂ*\%ﬁﬁ%@@@f& 14andzytputs a

that are connected in seri es, where X is greater than
secand vaoltageleve itoribe laptaptloags plé?cdeesb(gmle,tﬂIne battery pack 14
batteries 20 are connected in series to increase

mayv outmgea lsattbrylqrackaseltags retich. a2 11 \0069he The/D@pteveHer 22
may i nclude a DC/ DC converter 22 as showmn in FIG 1C

convéres e BattEANNEER Obltdde @@W&Qﬁo@@gé" leDeft a?crbagt@w supply

pack 14 via® conductors 24 and/or 2 The [aptop | oads

I
ot L1 éms&@ $45 5.8 atﬁ?ﬂoeosemshét SR gy 2
. tﬁ.onnect e ence EOt nt | i:g round.
in 8] SxaRIee1S & FERAPHO. CRBIRIERT wih,3 TedoroRieraan fad. As
voltage level fromthe battery ack 14 and outputs a ,
dese@l&ﬂwabm.t high gasnyersiep raties lte'gff &p hewadslativelyFaigh conversion
exanple, the battery pack 14 may output a battery
IOSSpala:llcreﬂslimgag‘te battdry gmack2ltafleed dafe @ conemyyt loss 28sociated 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 coliectively 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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converts the battery pack voltage to a | ower voltage
| evel such as a 1V supply voltage for use by the
| aptop | oads 12. In other words, the DC/ DC converter
ZI' in this exanple is a step _down converter with a
42-24 o The bgHeer 4fdW nravnd@s pawerdedbei inad 420\ eTheilegd centers 42
conversion ratios tend to have relatively high
maydaelvde sndtiplel loads. Imotheaisvards,tthe rhanber of hettekies aldt agkloads
decreases -energy | oss associated with parasitic
42 ndedtnot betéqual.r esi st ance whil e concurrently increasing
Ioss due to conversion inefficiency. [0070] Referring

%glotm 1 Fl Ghe2ParaliePaysrin ks tdr dé?tgérﬁéhts @fh%nﬁé‘t%r[e%ué‘ allows

| e conputi ng device accor to t e presen

ST N T L

o RS i b G e s and

di stributed power sources such as batterles 44-1,

batteries 44) are connected in parallel to the | oads
compater. ninothee prasentl snvdrdione each4eadi 42 daneeickivecooweceeh an
and provides power to the |oad 42-1. The battery 44-2

optirmallydiocatsd batterynRet RAcertrhsl! hEil858s ROBS shewhhﬁ F'lGSd1A and
22 42-2. The battery 44-M provi des power

1C) I‘e%'eMe g&\Ret R8h §§E§?§l%eﬁ?rall}'ﬂ?é’q§lt§§ bg{ﬁg?)%gw p4 e I oads

n ot her words, iunbe and | oads
n 071), The rall el ut ed
22008998, 29% P FBberlRf el Rl Pt pLALLSs 42
gasa“'aﬁm ed t the |l oads, in an optiml manner. For
may nesthi For exa hedeadider! saysteauiesMpre: Puident than
I oads such as sem conductor | oads and other types of
the logdd42-2natl capeevEenY sinexen ypaarpesrssanption thh qawehdistribution
| apt op
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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conmputer. In the present invention, each |oad 42 can
receive power froman optinmally-located battery 44.
In contrast, the loads 12 (as shown in FIGS 1A and
C)_receive power froma single, central |y-located, . .
bal0043) pirafering rowrip FiG.oxB. | A RMRIAEY Aewarhdistribution
current requirenents of the |oads 42 nmay be

systémiftd) inotudes &@entnabprdoessingeunit §aPW){daddl, agnemoey load 54,
nore current than the |oad 42-2. To prevent uneven

and pograbhisnsrotetsiag, urtih@GROMGadlicst r TheltCRID loay SRethelhemory
i ncl udes one or nore termnal connections 46 and 48.

load T8, 4&d TheabPUCRRARESS IREy Headiffefdht @Mt @BYirements. The
suitabl e conductive material that shorts the irst

f

" 1 nal. s, h 0 ' I ;

termiyEh BoRBiGY by g 280} BIE U0l o=t o BRENE TG rrom
t he firq?} terpinal ,of the first battery is connected

one ppmafe i'?%ga{p@??ﬁﬁgi s of other batteries in the
battery pack. A simlar_approach is wused for the
se t erfRefesing newrtodx A, ataptopgtampider 60 according to a
connections 46 and 48 nmay include, but are not

first lexeiripdaryt mnpleorehtationy ef Whe @raseitoinvertian istshbvaneilhe laptop
connected to printed circuit board (PCB) power

com?[:%?@ RicRRSS 10Bd6 B2 andlbatteries @anghat 296 @dNAEEABESN a parallel.
GI/P). 23 [0073] Referring nowto FIG 2B, an

eI QNS 15 LD FUTAOR ity oo
oS Do L BB T S oms

may, have different current requirenents. Th t er m nal
conpasiRBeitasHecn dna RatED BAGkOP B BPTPAISAR |Thadatiasios o4 are

receive power from one or nore of the batteries 44.
conneied (aRdesenibatyindows: ARG 2BAwithin thet bastary ppak 66. 60
according to a
[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 skilied in the art can

appreciate that the battery pack 66 may be located externally to the laptop
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first exenplary inplenentation of the present

invention is shown. The [aptop conputer 60 includes

| oads 62 and batteries 64 that are connected in a

paral lel distribution arrangement. The batteries 64
computer 6t o FgBhat. dbe ilaptap namputer fAoragéncludse pluraliér pkbattery

64 provide power to the |oads 62 by way of nmultiple
packso1Gbe spohdinclydingp pheat ibatteribet camrediéd ibaparaligl pacldesdibed

and the | oads 62. The batteries 64 are connected (as

bowe:s For kedmiple thedaptdp ctipdtBl 60 inalyNnélbee Batte BiRC BB that
2 066. [ 0075] plgeeferrfggbnow Ft)o FI G Sz,ntheebattggapack 2

. | G attery p
are Ev{RY DEARERIEO s pEtiegblopleirabieP Bpr™c ©
Sn47; 7l vl e BR ek A1E oS 62 and the

battery,pack to determ ne when the termnals of a

battergs &y isAdvariageeus tantieomaméacttrr: of ithetbattanti prgk 66. A
a battery is shorted to the second termnal of

batteryapak thiahist eennectateinssaries with edpad dypieallyiingudes al pluglity of
may sel ectively change a position of switches or

battexies srdtoare EShriezteds i at sereshalTher lyattdrp pack iRadorinectyd to the
back to FIG 3A, although the battery pack 66 is

loadsho®Re ! ?aAbRIcIMHehAtdrE MARtHEVeCO BRHIBF cABacity %@ the other
skilled in the art can appreciate that the battery

I
oonBAGE ISP o) S5R1CS, P oS PR Abacty (o

include a pluraljty of battery acks 66 each .
wealif) Hafted Bralk 3elnstedroer eao o mBRcFToR cAna el sasstronger)
descri bed above. For exanple, the |aptop conputer 60
battaggs e direbargingerAs pderultethe: smallergapasiy attery js damaged,
| ocated on opposite sides of the | aptop conputer 60.
therpby deicraasing dna lovetalldtapacitliuafi tbe attesy packntEadh batery must
| oads 62 and the batteries 64 is advantageous to the
be crengéadcindr eisohargbd tbaldtermiineaadtudibstofage 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 paralle! 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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battery pack that is connected in series wwth a | oad
typically includes a plurality of batteries that are
connected in a series. The battery pack is connected
to the loads. One or nore of the batteries may have a
batteries 64 mawpa dischargedta agnisirhem vaitagespesification ke fully exploit
battery pack. In this arrangenent, a smaller-capacity
the énergy ofithalbatiernpphtieand reyersel dhargivig vtk nobaceer, vBigfilarly, the
| arger-capacity (i.e. stronger) batteries are
parﬂl‘eﬁ%@ﬁ&!tﬁﬁ\- a8ngerhBAtbloviddiineFEskaI refiaBff. t WHRAL SRS ¥f the
i's

amaged, thereby decreasing the overall capacity

batt&fied 32 %gkﬁé’ 89@F fimdaha %{%rfgperryb U is Bb& q§1lr egggeﬁﬁgnt or

di schar ge eterm e actual® storage capaci
void _including.,batterie i t h ponegui val ent .
replae T Ener i S8 mswedke Rty UETEbtenbeatern ppacity
di stribution arrangenent of the present invention
of thg b%ﬁ%t%k%&dﬁﬂ'@éﬁlﬂmf@“ﬁ'yﬁ@w-costs that are
associ ated with -balancing battery capacity. In a
pal@TH bRefesring pawktaFtGrdf2ntet laptap cemputer 60 may include
naturally distributed fromthe battery pack 66 to the

battedesiof iferéntssizengen genbairarravidementite uReMike advantage of
current than a weaker battery within the sane battery

. . . no y coina Y
thlsltifﬁﬁf&re. FERELAGPId1CsRAR Fbith féf:ttY),rQ%%tgﬁ &b uﬁ?é‘ rﬁé¥ g??/xmlze

e weaker battery. As a resu overa bat
j ' Al i [ ci
avalttie cheag it the HREARE Sl SR BERY BUERIT Wil one or
exanpl e, one or .nore of, the 25 batteries 64 y be
mor, SferfEse alft 876 THRISSREYEN: Bife FARsak iqonaRuiFs RO: way nglyde a
exploit the energy of the battery pack and reverse
first chattagy repali 66-hbavieectinst sst wf| dimepsianseangiar shage, a second
di stribution arrangenent provides increased

batter pabk 168-2. hatireg secendfsdthef dinaérisioneandlomeadmnand an nt
over time, the stronger battery is able to suppl enent

battery paeplesae Having aer 89 settdfimehsiohe aRdkeshBpb! eTie battery
Therefore, the overall capacity
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 60 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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of the battery pack 66 is not significantly reduced.
[0079] Referring nowto FIG 3D, the laptop conmputer 60
may i nclude batteries of different sizes in a
paral | el arrangenent to further take advantage of

60. t Alternptiveir @ plwglityestbattery pankisi maybe ecnted alapyen edge of
computers may neximze available areas for fitting

the taptohaomputerssthodatcorhets eff thenagtep @mpaeheni th one or
nore batteries. In one inplenmentation, the |aptop

CalPot IR b, Bk IoRort, Sogbyg o
- i .Se i oensi on
confeigs 0 8 shodR A e b?%(jf%ﬁ??%ﬁﬁo@a%veebﬂtﬁtrﬁareﬁ%gz go-10,
[ ' . e pattery
the BIOE orRlor a0 erC e e \iiioeey Badwtieties Bddn lower
of the _battery packs 66 includes one or nore o
voltgogs éPlt%@e feﬁﬁeth@a’(qaé’lsysg)ac Klowswesr dueoionthet parallegatistebution
and/or to g\regund to allow | oad sharing as descri bed

arraggement |of {apiop comppeteend@it then conkersiamtratio csfihiet @C/DC
60 may include a battery and/or battery pack having

coneerters (7@gisreduseéd.e Faﬂékﬁmpﬁi‘}w&-DG/[D@E:leer?éTQ_tﬂPr‘nag have less
i npl enentation, the |aptop conmputer 60 may incl ule

tharnallat 1 BbRversivnt fafig. Pﬁ%itﬁér‘?%?%rﬂén%g%g{'él;\%;cg%&g‘s%n ratio is less

battery packstoalowfle? a )
2. .4€ . [ St trer ma e
tharbOERIE 1 3 L F B P aﬁ:‘ﬁ%h?raﬁf"gﬁ o&i?%ﬁ??&soévjdfef may
ec batt er .ack may be nounted on a bottom side o
navg B 8 e L ihsSo8 a8 oS suohe thaaveal sfiqgiay;of ey laptop
of battery packs may be nmounted al ong an edge of the
compyisr§9 isdmprevad.60 or at corners of the |aptop

computer 60. [0080] The |aptop conputer 60 may al so

i nf108d¢ oreentainnsereiddGiDGor doadsrdfette TAbtas cﬁﬁﬁ&!ﬁtel‘ 60 may

FIG 3B. As described above with respect to FlI 1 C
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, parallel 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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the DC/ DC converters 70 convert the higher voltages of
the batteries 64 to | ower voltages suitable for the
| oads 62. However, due to the parallel distribution
arrangenent of the |aptop conputer 60, the conversion

84 arak 86 asfshaven DAFIOT 4A4.0Miernatively, Ghe temeidalcsttbriirgrconnections
exanpl e, the DCI DC converters 70 may have |l ess than a

maydinéluglenvetslistiffehafs 88 that éﬁef@dnﬂeﬁéo?fﬁeﬂieaPTMQndldﬁhe GT/P
conversion ratio is less than or equal to 3: :

of tlﬁ;ﬁfoﬁﬁerg %Fd B (R&ferr FIBWOLB ey Q@ Qr% %@n‘fﬁé Lazftép rI:%}‘nputer

ve a erent conv SI on rati o.

% ke o Rl 5 P e, v

conputer 60 may require higher oper ating
Implﬁp‘&ﬁg S%s. For exarrpl e, at an operating frequency of

r oxi rrateléd ext ernal passive conponents nay
be Q0831 erRefetring sow tex pé@Esi Ge 7tanth 8canlpptagbtemputer 90 may
conmponents operating with | ow frequency DC/ DC

alsocinclugiet arstep{downhBOfaCatdmtertirsd2 iabdta etepaup ADQDE® wonverter
the DC/DC converters 70 nmmy operate at different

94, IS eniconduBtr ddVices!if Sabtop rep@erd H%ng\@qewl%ww\h?oltage
70 may operate at a higher frequency (1.e. between

requifén 4 Woikdverd Oé@@r%gieérﬁfcbragcﬁ?%é\ﬁ é;sl ?ﬁaoyaﬁAq@gg higher

5A, a laptop conputer I nc es a notherb

t a arall el connecti,ons,.b
voltgghs. By s?%’rs%f‘eaée I cBRietipon i ok ge?iaaéﬁ%ﬁnd a
th rmtherboard 82. For exanple, the term na
Sece'rrirqadna 8¢ ot bitst dead B8ymay rreqwae adérhweitagey such as 1V. The
conductors 27 84 and 86 as shown in FIG 4A
second doadt 98 angy rehuire ea riacands koltagenghatoisngoadtenshamehe first
include netal stiffeners 88 that are connected to the

volt&ge, Fuonda© 6Vt hi¢ thel bBttenés previt® bhsatkepneitdge oBgiathatig less
nowto FIGs. 4B and 513, the | aptop conputer

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 (i.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

106. In the present invention, the electronic element 106 may be able to operate

28



80 may include one or nore DC/DC converters 70 as
described in previous inplenentations. [0083]
Referring nowto FIGs. 6, 7 and 8, a | aptop conputer
90 may also include a step-down DC/DC converter 92

at afenge of sppoly vitagese ompsraxamplestheseleationituetemment 106 may
devices in |aptop conputers nmay have relatively | ow

opevatetargpoweeiion 2 single LiGiobattery, saugcé ar a siephcasitiget sh5V. In
devi ces may require higher voltages. For exanple, the

convéRficHal @M@fha‘i%d@i‘é{te‘ ackydg @séﬂlé§£rrbH€&ngﬁt 3Ré e?ectronlc

second | oad 98. The first | oad rmg req first
uire a
e ShL T4, Eh o8ty kel BEAREY. A0 BBy 0

vol h as 5 atterie rovi
padPEFST voﬁﬁygg%u{\ﬁme{'ﬁﬁ?fﬁq ri % s pperate in a
?ater than 1V, step up and step down converters nmay
Paf%[,ﬁ Gigtrbutign avﬂ@gweabmthedﬁpmﬁwt@n 10£>heln§h@rmapner the
DC/ DC converter 94 boosts the voltage of the battery

laptprsergBiten] @0 insludasea stap-ap DC/DE comerten 4@83Bat pRARIES 5V to
In anot her inplenmentation, the |aptop conputer 100 may

the imexdhamvcad eRementmose A@ed@hﬂfsﬂép-@@\dbcm EAvéftelis vt required
hard disk drive (HDD) or a digital video disc (DVD)

for ﬁi@bﬁi&roh@%eﬂ%&ﬁ 104.€ H“%fhé?r\ﬁ Ml ttﬁ@eelétﬁfcﬁHlé %ﬁ@ﬂéntais% is

shown in FI 9. For exanpl e, e peri pher devi

I 0 f.or
confGIr UL S a0 90 B, Py gh ¥
e 102 r Lre Seco wer voltage for
neg%ﬁ%s[ %@r d Trm%arﬁdgﬁar@lrﬁfﬁp “Egg:/ chgc?rl‘]‘@rﬁ’esent
i nvention, the electronic elenent 106 may be able to
opdPABE] 28Ratferdng apyetool |Gy gP-12.\a lapiere somputerckihponverts a
the electronic elenent 106 nay operate on power from
batteryi vajlageL tina b&Yt supplyovottageraccosdipg! yo val tvagstage DC/DC

conSt\a/r.sic!nn 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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conventional systens that operate at 5V in a series
arrangenent, the electronic elenent 106, as well as
t he nechani cal el ement 104, operate at 5V. [0085]

However, the peripheral _device 102 may al so operate in
Con\@rtsp%rea\rql S bREEH 636 1 AdAEm¥Aage FREexappsp the step-

conputer 100. In this manner, the |aptop conputer 100
down RCRE sorvesternt 14 convans thenvaltagerofthe hattery pRévo @Y. The
5V to the nmechanical elenent 104. A second step-up

stepEp IC/E0 veoriverter s1 1B tsubegguerdly cobavertdighellower anltage to a
el ement 106. In other words, the el ectronic el enent

hlghép(i/dl@gecélﬂfdtﬂé”fSF' the 1ea8r @2 aFo?1 x@Wile SHRP sYep- up DC/DC
vol tage as well as operate at 5V, which negates

conff?, 1 ng%soasﬁ%tdeﬁgg*s%?%ﬁ%g@%o@ﬁgg%%pwfgw Gl
t
dowf ARG hgrend § 7o B PEchisBer vl Buirefientiae stpp-up
npl errentatlons the battery is a Lithiumlon
DC/@&%} rteg (11 G0y have ar1:pyppYersionEatioas secensanbe
used. The | aptop conputer 110 includes a DC1DC

cofP088]er Those skibedpr thevartDErDGowoapEnetiate frbf the doragoing
1:n step-up DO/ DC converter 116. The DC/ DC converter

desdriptionethiabthecbrobdnedehings of tHid piesent pRBKESH 8an Qf‘eqﬁfpﬂ’érﬁﬁnted
to the voltage requirenments of the |oad 118.

ina DQHQ@ SFFBMAS L qfhelﬂr%séﬁﬂ“%%ﬁﬁoﬁ A lHE& ?at@fotﬁelb?rﬁ)é\gﬁ]}ﬁattery

120 as descri bed previ ous | tations

e e 8 R ALl By, ror
oGS o B 5 g S e Sl bty

114 first 29 converts the voltage of a battery 124 to
dlstrgaqtlgﬂewltk)&m\égjgal pofalcasi 8B) teehralegy 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 (I/O) 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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down DC/ DC converter 114 converts the voltage of the
battery 124 to 2.5V. The step-up DC/ DC converter 116
subsequently converts the |lower voltage to a higher
voltage suitable for the | oad 122. For exanple, the

228 anglpa wonvol Dodule e @30erThel detige 200 Mycionludesaroaudio output
rati o and converts the output of the step- down DC/ DC

232 suchers an alitidb botpuVjadkosr spegtier. Vidle d@dce etHy ineltelet § display
the step-up DC/DC converter 116 may have a 1:n

234 CRIpUES 9BONardisk ariee 224eCasdBF ¥ wirb@88lloddlofBa tetivbAdintérface
the art can now appreciate fromthe foregm ng

2RI B SSRGS W OpiRR s
ol 8 S %ﬁﬁ%@@rng% apuped

aIIeI attery distribution. For exanple, a
into Qﬂgptpryn'mre §t{|gp§p Ig@g qgé\)tersn%mcéﬁgﬁpll%d ﬂhm n@nner descrlbed
battery distribution with universal serial bus (USB)
abovechnol ogy according to any of the inplementations
descri bed herein. [0089] Referring nowto FIG 13, an

ex¢0g90yr y Refurlieg powptet FIGy 14devireat 80&evnt Mishibited Batteries
shown. The nobil e conputing device 200 includes a

accSRIHd & tHY PFESSTt M sHEWA. (ACE‘\%UlF%O ingi8esy aZfQ?tor o e2?§4 and

random access rrem)ry, r ead y rrem)ry, and

o B2 750k ke 93 819288 o IR LBILPH partel e
BRISHIRA I B

peri pheral devices such as a digital versatile disc
neW(@wgr Bully, charged batiecy apddherrecondnbatterniitdsris inidd adefective

contr ol 220 Addi ti onal peripheral devices may
andiandulyddisahaged biattdry deurvent(fldDhiny t@ e seborchbatigry 248 may be

i ncl ude one or nore notors 30
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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228 and a control nodule to 230. The device 200 nay
i ncl ude an audi o output 232 such as an audi o out put
jack or speaker. The device nag Bnclu?e a dispI?y
t,s 236 | sk driv 4 or W re

304755cnd ks s el Erarinet Tndtiurreni s wil s 08 e below.
i ncl ude audi g i nput, a n1cro hone, a kepypad, buttons,

A corffielhmedyles 3dP Froremiaicates with theospasisatanchprataetion modules
devi ce 200 nmay be grouped |nto one or nore

310dreneivasua ednsedidurent sigaaband gepptdtesi oha drirorBamtrol signals
descri bed above. [0090] Referring nowto FIG 14,

to wontreht camepe iflowihg NBhediRth DEHd ebalBriedC 34 N While four
the prior art is showmn. Acircuit 240 includes a first

battg?ﬂbﬁﬂl‘se%éﬂwgaﬁﬁd ﬁo?é?:?leﬂdm%uee |%Azﬁ H&ﬁ/vrpa{aa Elbﬁ§l candor

and 248~are connected I n pa upp one

Rt Y et o BRI TR G bat cery anc
’f?% CRAIRRS Bt 1 5GP Re i Tt PgiacoPEoUIe 330 is

second battery 248 may be too high and cause damage
showRd/1dle ement fratastios modWe BR0RBCkIdes ruplnality of Famsisttss 330-
a nobile conmputing device 300 includes a distributed

1, 336wr 3804, ce., 3 830-Nur Vemén emeat Hodving thestighoa respective
nodul es accordlng to the present invention. The device

batté80ig rmukfleiariybd v, ethee Srandfiors, 3304ard tt?rﬁé 3on an(}y% ‘irrent

(collectively bat'teries 304) that primari y supp

exced®la desAold3QRe Zra or?s 3 ﬁda@%oddﬁféldl flilori¥ned off to
ve g

| oads 306), respect!l ensi ng ectro

B g N i i

the hatteries 304-1, 304- 2, 304-3, and 304-4,
can P&i@‘éﬂ'\(ﬁ‘@r ”“Pﬁeoﬂs, %139 ihaiscans: off e Whis parallel @grangement is
310-1, 310-2, 310-3 and 310-4 sense current flow ng
shown, @ GgHes RErangemant ean 3dsb be L36d. 2,

[0093] Referring now to FIG. 16B, another current protection circuit 340
includes a resistance 342 and a paraliel connected switch 344. The switch 344
is normally closed. When current through a respective battery increases above a
threshold, the switch 344 is opened to 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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31 304-3, and 304-4 in any suitable manner limt
current as wll be described below. A control nodul e
320 comruni cates with the sensing and protection
npdul es 310, receives a sensed current signal and
by agding the yatalde gesistancecdp r ol heirgsigtancettbat isnprovided may be
~current flow ng through the batteries 304. Wile four
adjustad dyytheoeentseinmiodyleada0pr As ez result, nmdtdre flrawing thraugh the
shown, additional and/or fewer pairs nmay be used in a
batteadécreakes. i npl enent ati on. [0092] Referring now to
FIG 16A, a current protection nodule 330 is shown.
Th re j 3 [ S I L i
e aror s iofemERGafs. e iR piay tif Jgde! cei

of 'transistors 33_0- _ :
batte, THS Fegistaes ho' B OlleRgh B E8ing: Bsisiiseqragsistors or

oth V\her}ﬁé rrent %eny}ce s a threshold, the transistors 330
APYABEUTATRANEME/ orne BVReeDMaYLRe impIptanted using transistors
resi stance RDS provi ded by each transistor 330. Sone

or ofher sHEable HAMRANANS. can be sel ectively turned on while
others are off. Wiile parallel arrangenent is shown,

a H096]s aAMhilegiisrinverdionalhas beemisdeberib8893] connection with
Referring now to FIG 16B, another current protection

particutaruéxargiés therdafdése aruee 8 f She4Rvért hig! &Y
connected switch 344. The svmé% ch 344 \i,s %ﬁﬁﬁﬁ"@ hé be so

it Wb AT Shind MCHEA BT Kl proner

i ncreases above a t

NG P resistance. by addi ng the .
upoh 3 31281 873 A5 3R SBhPRCS ol BRthe Feving eiregn
the batter decreases. [0094] Referring nowto FIG
16C, another current protection circuit 350 shown to

i nclude a variable resistance 352 and a parall el

connected switch 354. The switch 354 is normally
cl osed. When current through the battery
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i ncreases above a threshold, the switch is opened to
i ncrease series resistance 32 by adding the variable
resi stance 352. The resistance that is provided nay be
adj usted by the control nodule 320. As a result,
current flow ng through the batter decreases. [0095]
In sonme inplenentations, the batteries may be single
cell batteries. The resistances can be inpl enented
usi ng re%éi&@hg, transi stors or other suitable
conponent's: swi tches may be inplenmented using
transistors or other suitable conponents. [0096]

Wi lie thiﬁdisﬁ’i’tﬁﬁ\édW&%%st@ﬁeaorﬂ&%ﬁ%:bed in connection
with particular exanples thereof, the true scope of

the invent; limted sjince.other .

modi 1 cath b SR UAEL RB8 ek Reving b el SRR g Terminals and
. practitioner . upan .a study, of, t he draw ngs, .t he _
ind@Bk at S, firsh i Ruten JoA RO St S5tréuigchizad dncludes at

A distributed power system conprising: a first
leagt eng lopdh thad 19 tpiretedeiierara grayp pepststing of asentsal pooagssingdnit (CPU),

termnals and including at least a first distributed
memeerd, 2 ghaphies prasessihg unis(GRINs ahatiudidddiivea@DDY; land @ DVAD drive;

| east one load that is selected froma group

consi st i ngeodndadie@ibuted! lof @ui6s hiavitg Yiéttanl GB4dnd load terminals and

menory, a graphics processing unit (GPU), a hard disk

incﬁﬁd’liﬁg of 18R seBl dstYRHNbUE whRreS ca g%%hgtdﬁét%ﬁglogﬂ jpcludes

oad center having first and secon erm na

o 080 SR 50 P8 910 G Sy s
gr%%@js érﬁ?%sﬁé H%?{/&fﬁ@? &];{dolmrg d(‘l;’srko lgvec(%ll’]ﬁll)ita{nggsag DS{/% girive 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 terminals of
said second distributed load center,

wherein said first load terminals of said first and second distributed load
communicate and said second load terminals of said first and second distributed load
center communicate, 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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graphi cs processing unit (GPU); said hard disk drive
(HDD), and said DVD drive that communicates with said
interface; a first distributed power systemthat
includes a first battery that is directly connected
and primarily supplies power to said first and second
| oad termnals of said first distributed | oad center;
and a second distributed power systemthat includes a
second battery that is directly connected and

Cer  nal 34 SOl BB e Brthlslel G BERR I <R Wotem of

V\:herelg id first. |load termnals of said first and
Clagn 429 FCOMPEH"Poad comuni cate and said second
| oad termnals of said first and second distri buted
| oad centeid ceagishpraressing unit{6Phbier ei n said first
di stri buted power system supplies power to said second
di stri butsail memdrethat emmmnnicathewih saidaiRUsecond
di stri buted power system supplies power to said first

di stri but gfiintepfade BROEGHmMuRRatds withrsetll thém68ENdlaf¥ICPU; and
devi ce conprising the di st ri buted power system of

Gaiml a&‘&':s I‘al?ttl?;gp Qﬂths%ﬁiﬁﬂhe?ﬁﬁér al

processing u sal nmenory that comruni cates

with said CPU, an |nterface that communi cates with

said nenory and said CPU; and a display that

communi cates wth said interfage, ,3. The distrihuted

povier- sy TRnAiBFORICARAVEr PYRem f Gt FiTish CGmBEHES Agensing and
and protection nodule that senses current flowing to
proteiction moduledthalt senprst aurepbflewingytotseid fnstidistributed 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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that selectively decreases said current. 4. The nobile
conputing device of Claim2 wherein said nobile
computi ng device conprises a |laptop conputer. 5. The
di stri buted power systemof Claiml further conprising
a battery pack that includes said first and second
batteries. 6. The distributed power systemof Caiml
further conprising: a first battery pack that includes
said first battery and a second battery pack that
i ncl udes 1.4 s t ter.y, rein,said first ..
battery p‘g@%{g]ﬁla%q? %?é)?gﬁﬁﬁgﬁc%\lepﬁtilmﬁ% ?Hﬂ%ﬂsm 1§ diffprent than at
second,.batter ck has second physical dinensions, 35
ICWIQF%P%S%‘i chgé‘égﬁl‘%‘@l fmensiogssandst physical di mensi ons
is different than at |east one of said second
physi cal Whereins sad sfirshbdttedyepaskniss kicatefli restotdlnt fremysaid second
pack is located renotely fromsaid second battery
battanykpack irs sdid mubllie cempotipgidévige. devi ce. 7. The
di stributed power systemof Claim21 further conprising
a battery pack that includes said first battery, said
second battery, and a first connection between first
term nal S [ ' nd a
sec (F)P/ri dc 31;11%8;%1?‘?1 %ﬂtegé{owg & ?f"rkge é‘i gﬁgﬁ%g ?éunhﬁg# SO%%R%S&% g battery pack
first .and. d batteries. 8 The bil.e conput.in
e Pl e S HERY HasrBR, sEeSinbateDl A0 B CABIOSHAR Getween firs
t hat provi.qd)es connections between said first |oad
texmaingds of si¢ firstaang seceRd baeriessedondeennst pormeetien befaxten second
centers and between said second |oad termnals of said
tefmingls ofsald fisgeod deadindtbattéritsed | oad centers.

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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9. The nobile conputing device of Claim8 wherein said
connections include: first netal stiffeners that
connect said first termnals of said first and second
di stributed | oad centers to a power traces/planes of
sai d not herboard; and second netal stiffeners that
connect said second termnals of said first and

second distributed | oad centers to a ground
traces/ pl anes of said notherboard. 36 10. The

di styg, butag GeNBhted hwrNsPltert! G hailn WNGH&GER S8 Hrd bh8dry has a

battery has a first capacity and said second battery

g ST 0S8 LBUER IS s o

Claim21 further conprising a first DC/DC converter
C3PHAY" r ecei ves a first vol tage fromsaid first battery
and that outputs a second voltage to said first
di stributed | oad center. 12. The distributed power
system of Claim 11 wherein said DC/ DC converter is one
of dlst epFleodistributed ower syateth of Clagp-1uforthemosiprizing alfst DC/DC
The distributed power systemof Caim 11l further

con0dTT i thith@celveses ainél vIReEOE RO BME TIrer bdthak ah® @Rt \afhuls a second
third voltage fromsaid first battery and that outputs

voltagd RUaldiNPkisAIRtdddosfdligecond distributed | oad

center. 14. The distributed power systemof Caim1l

further conprising: a first DC DC converter that

receives a first voltage fromsaid first battery and

t hat_ outpyts,a secqnd vol tage; .a_second DC/ DC,

convrt e Mf’n%f?mi’é@gil\?@‘?r sysin o€ LdHm Vbwhgigin 531 RGRCoconverter
~first DC/DC converter and that outputs a third vol tage
is pae ofa gfep-dewn canvarter bud estep-vadonesrtesr .

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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37 15. The distributed power systemof Caim 14
wherein said first DGO DC converter is a step-down
converter and said second DC/ DC converter is a step-up
converter. 16. The distributed power system of C aim
15 wherein said second DC/DC converter is al :n
converter. 17. The distributed power systemof Caiml
wherein at | east one of said first battery and said
second battery includes a universal serial bus (USB)

bat uery. TH8. dishiutics bbb kRlerh WRC1A%S | 8 ety &i
wherein said USB bat?ery ﬁ%l udes a short cniﬂ?}lc%‘:utmﬁ]rZt DC/be

[ EMAE diskri r._system of
co%sfegliteﬁ]qg a\?\ﬁtgrgei n sg?%‘%ﬁc?—;b? dd%azé rsiegélﬁdgg)d)@\ggﬁo%eeﬁ&eérls a step-up
colRElgtes at a first voltage and said second

distributed | oad center operates at at |east one of

said first voltage and a second voltage. 20. The

di stri buted power systemof Claim1 further

comprising: a first contactor that selectively

di s@énnedths distribuigdtpowves syftemni of5€Clamdl 5 ederein said second DC/DC

termnals of said first distributed power system a
comertenid achntantartert hat sel ectively di sconnects at | east

one of first and second term nals of said second

di stributed power systemy and 38 a short circuit

detecting nodul e that communicates with at | east one

of jsaid ’lfhie.rﬁgtri@ﬁg(t‘l %ﬁ&/gp ?ysge%gtoggﬁagéﬁsh W#"]gl?eg’i gt:l:qgs% to?le %f said first

short circuit 1n a eas

econd di.strihyted power, systens and that sel ectively
a5 B0 st Second HeBeahingihbesy Snifirae) SPriabus HEB) batesnt

di stri buted power systens.

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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21. The distributed power systemof Caim 14 wherein
said first DO/ 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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