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FIELD OF THE INVENTION
[0002] The present invention relates to medical devices, and more
particularly to power distribution systems for medical devices such as

pacemakers.

BACKGROUND OF THE INVENTION

[0003] Pacemaker systems typically include a controller, a battery, a
pulse generator and one or more leads. The pulse generator produces pacing
pulses for a heart. The leads deliver the impulses to the heart and sense
contractions of the heart. A programming module that is separate from the
pacemaker system can be used by the doctor to alter the operation of the
pacemaker system after it has been installed in a patient.

[0004] Some pacemaker systems operate on demand. In other words,

the pacemaker system stands by until a natural rate of the upper and lower heart
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1 *@00002* falls below a predeternined rate. \Wen this
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[0006] The leads typically include insulated wires that extend from the
pulse generator in the housing through a vein to a heart chamber or chambers.
The pacemaker system monitors the heart by sensing electrical signals received
by the pulse generator through the leads. The signals that are received provide
information relating to contraction of the heart chambers. This information is
typically sufficient for the controller to decide when pulses are required.

[0007] Pacemaker systems exist for single chamber and dual chamber
applications. A single chamber pacemaker system usually employs a single lead

to carry signals to and from one chamber of the heart. Typically, the lead is

connected to the right atrium or the right ventricle. This type of pacemaker is



to carry signals to and fromone chanber of the heart.
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SUMMARY OF THE INVENTION
[0010] A medical device comprises a pulse generator that selectively
generates pulses. A control module selectively controls the pulses. A power
distribution system supplies power to the medical device. The power distribution
system includes N batteries, where N is an integer greater than one, a common
node, and N protection modules that communicate with the control module. The
N protection modules selectively connect a respective one of the N batteries to

the common node based on control signals from the control module and monitor



t he common node based on control signals fromthe
control nodule and nmonitor 3 current provided by the
respective one of the N batteries. The control nodul e

generates the respective control signals based upon
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that selectively connect the one of the P pulse generators to the leads.

[0012] In other features, the first switch modules comprise redundant
switch modules. Each of the N protection modules comprises a current limiting
module. The current limiting module comprises X transistors that are connected
in parallel, where X is an integer greater than one, and wherein control terminals
of the X transistors communicate with the control module. The current limiting
module comprises a resistance element and a switch that is connected in parallel
with the resistance element and that is selectively controlled by the control

module. The resistance element comprises a variable resistance element and



with the resistance elenent and that is selectively
controlled by the control nodule. The resistance
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switching means for selectively connecting the common node to the pulse
generator and the control module. The medical device comprises a pacemaker
system and the pulses include heart pacing pulses. The control means
comprises M control means for adjusting puises and the medical device further
comprises first switching means for selectively connecting one of the M control
means to the pulse generating means, where M is an integer greater than one.
The first switching means also selectively connects the one of the M control
means to one of the N protection means. The pulse generating means
comprises P pulse generating means and the medical device fulrther comprises

second switching means for selectively connecting one of the P puise generating



means to one of the N protection neans. The pul se
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[0016] A method for operating a medical device comprises selectively
generating pulses using a pulse generator, controlling the pulses using a control
module, selectively connecting at least one of a plurality of batteries to a common
node, monitoring current flowing through each of the plurality of batteries, and
selecting at least one of the plurality of batteries based upon the current flowing
through the plurality of batteries.

[0017] In other features, the medical device comprises a pacemaker
system and the pulses include heart pacing pulses. The control module includes

M control modules and the method further comprises selectively connecting one

of the M control modules to the pulse generator, where M is an integer greater



[0017] In other features, the nedical device conprises

a pacenaker system and the pul ses include heart
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by the N batteries and selectively controls the L switch modules based thereon.
N protection modules selectively vary current provided by the at least the
selected one of the N batteries. N protection modules selectively limit current
provided by the at least the selected one of the N batteries. The L switch
modules include first switch modules that selectively connect the N batteries to a
common node and second switch modules that selectively connect the common
node to the P pulse generators and the M control modules.

[0020] In other features, the medical device comprises a pacemaker
system and the pulses include heart pacing puises. The medical device further

comprises leads and third switch modules that selectively connect the selected



conmmon node and second switch nodul es that selectively

connect the common node to the P pul se generators and

the Mcontrol nodules. [0020] In other features, the
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N and L are integers greater than one.

[0022] In other features, the control means monitors current supplied
by the N current storing means and selectively controls the L switch means
based thereon. The medical device further comprises N protection means for
selectively varying current provided by the at least the selected one of the N
current storing means. The medical device further comprises N protection

means for selectively limiting current provided by the at least the selected one of

the N current storing means. The L switch means include first switch means for
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A nethod for operating a nedical device conprises
The sesistanceahngans comprises a variable resistance element and the control

means selectively varies a resistance of the variable resistance element.

[0024] A method for operating a medical device comprises selectively
generating pulses for transmission to a patient using P pulse generators,
distributing power using N batteries, selectively controlling the pulse using M
control modules, and selectively connecting a selected one of the P pulse
generators, at least a selected one of the N batteries, and a selected one of the
M control modules, wherein P, M, N and L are integers greater than one.

[0025] In other features, current supplied by the N batteries is

monitored and the L switch modules are selectively controlled based thereon.



generating pulses for transm ssion to a patient using
P pul se generators, distributing power using N
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indicating the preferred enbodi nent of the invention,

the g'?&ehgﬁeréﬂ% Jﬂgnp%fp?ﬁ@st ntidd,| Y& TigtdnaRdORbry p@rr‘ﬁoses of

not inten limt the scCope of the invention.

usHp RTBAT AT TGRSt Qﬁﬁmtﬁ@a@a@%@heﬁﬂs?%ﬁe?ﬁe

detai |l ed description and the acconpanyi ng draw ngs,
wher ei n:

etgevies is

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The present invention will become more fully understood from
the detailed description and the accompanying drawings, wherein:

[0028] 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;

[0029] FIG. 1B is a functional block diagram of a plurality of batteries
connected in series according to the prior art,

[0030] 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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[0028] FIG 1A is a functional block diagramof a

| apt op conputer including a battery pack with
batteries that are connected in series according to
the prior art; [0029] FIG 1B is a functional block

[ m o urality of batterji ected |
&&?@3 ac';@r d% tSo @%gc ?mé‘ﬁlca agr?mnatjn F @arql%l- battery
functional bl ock diagramof a | aptop conpute
arranggolandi fag %bB@PDCP%%v%?Q éaptaﬁdC%“BaWeleﬁaﬁ%ordmg to the
according to the prior art; 10 [0031] FIG 2Ais a
presest fiveveation; di agram of a par aI l el battery arrangenent
for a battery pack and | aptop conmputer | oads according
t go03E PFESErEBi weat ischemalio32jiadra 2B as parallel battery
schematic diagramof a parallel battery arrangenent

arranflg%Fné%ﬁ RS Gdntrd] %9&:%%'5% Hﬁ‘l't tCPOYUheniry@ing graphigs apbtesing

rocessing unit | oads aCCOTdI ng to one

{
anit (G G038 %%éé’ nﬁ% %%Eﬁﬁ%ﬁ*%“ﬁé&% e brestiNg et
ChRRErcarlo: aa i 140 funiasil gk {%Qﬁ‘rﬁin SfogeRpralel battery
invention; [0034] FIG 3B illustrates the batte of
arrangegiers AGliegsP ternipals that aeq eebRegferdaRasal ﬁff @9587ding
FIG 3Cis a functional block diagramof a parall el

to th@aresanyinvantiangerrent i ncluding battery term nals that
are connected in parallel and DC/ DC converters

aqoosd] ng RIG. 3B illustated thenbatterpiof AIG0OIA withGa Siort circuit

I'lustrates the arrangenent of battery packs havi ng
detectmg module;

[0035] FIG. 3C 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;

[0036] FIG. 3D illustrates the arrangement of battery packs having
different dimensions in a mobile computing device;

[0037] FIG. 4A is a functional block diagram of a parallel battery
arrangement incorporating terminal connecting conductors on a motherboard
according to the present invention;

[0038] 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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different dinensions in a nobile conputing device;
[0037] FIG 4A is a functional block diagramof a
paral l el battery arrangenent incorporating term nal
cgnnecting conductors on a notherboard according to
t he present invention; [0038] FIG 4B is functj gnal
oLORAB1G BB 5o 20 HAHOBR! (RS JRTERY Sh R rATelSl Battery
i ncorporating term nal connecting conductors on a
arrangeinest [rwarporatiog ShoMing owielestiftenersite erainsyand pewer planes
present invention; 11 [0039] FIG 5A is a functional
on a Flotiedrbdhapaedordingaophe présent irmtendion; ar r angenent
i ncorporating shorting netal stiffeners to ground and

PRYE40IP! RS 5BNiA TBlR@IdhaRrsloic aiaghany dfoat parallel battery
present invention; [0040] FIG 5B is a functional

arran?;%ﬂféﬁt %%ﬂ)@l"ﬂtﬁ oﬁoﬁ“ﬁﬁ 'nlle%ﬁ DAY to ¥ré@8AR Power planes

ncor por ng s netal stiffeners to ground

and
on a FrEenPal B dte o ERAVHA 2efioftio RbEASRIch g,
PG HooRIC Rats | holpabenal BidRcdasiony o, 8 afpralel battery

step-up converter according to the present invention; .
arrarjgeouiit tRatdncides aaDCACtdaswearteppoadia steagiaaemerigr according
paral l el battery arrangenent that includes a DC/ DC
to the pragnt éiveatidnst ep- up converter according to the
present invention; [0043] FIG 8 is a functional block

dijpgagM of1@. rarigl hefurkabhar Wlock diganerdf ahparallel battery

i ncl udes a DC/ DC converter and a step-up converter
arrarffetSrit 8t iduddiE aRD eSO cdnb¥RBE aAB: step-up converter according
to the present invention;

[0043] 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;

[0044] FIG. 9 is a functional block diagram of a parallel battery
arrangement that includes peripheral devices and a step up converter;

[0045] FIG. 10 is a functional block diagram of a parallel battery
arrangement that includes single and two-stage converters according to the
present invention;

[0046] FIG. 11 is a functional block diagram of a paraliel battery

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

present invention;
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[0044] FIG 9 is a functional block diagramof a

parallel battery arrangement that includes peripheral

devices and a step up converter; [0045] FIG 10 is a

functional block diagramof a parallel battery

arrangenent that includes single apd two-stage

c 0]t erEliGicder isi g funstional tg@@séﬂ%gr?m&it ?gﬂéfaﬂ'ﬁbﬁ’é‘}‘ew

FIG 11 is a functional block diagramof a parall el
arrangafrienit ythatrinelndesresingle haind i tius-sta@s §¢m1\§ﬁr@f%rﬁf300fdln9 to the

two- stage converters according to the present
presérity@drtenR; 12 [0047] FIG 12 is a functional block

di agram of_ a parallel battery arrangenent that

| Eﬁbkgfs Blciohs 8N fdihoRERERKOMErAmIGT e eRediptyytmobile

tbI e ) OI_esen invention; [0048] FIG 13 is a functional

o] I agr 0 n exenplary nobile conputing device

compiting JeYX W%F]d ' FIG 14 illustrates current surge

in_m tched bat [ [ . O - :
o™ B PF bk Se, RERERT, Fck g Myl Rhed teries
nobi |l e conputing device including a distributed power

accogding é@ thengrieiditent sense and protection nodul es

according to the present invention; [0051] FIG 16A is
arfoesenpl #I@. disetst pi fuakticed eblack cdiagram @ira énebile computing
protection nodul e; [0052] FIG 16B is an exenplary

devi%D gﬁlgdiﬁgl a iiSeiBBtddc polveABOUNES andr cement gerseeand gprotection

modules according to the present invention;

[0051] FIG. 16A is an exemplary electrical schematic of a current
protection module;

[0052] FIG. 16B is an exemplary electrical schematic of another current
protection module;

[0053] FIG. 16C is an exemplary electrical schematic of an active
current protection module;

[0054] FIG. 17 is a functional block diagram of a power delivery system
for medical device such as a pacemaker system;

[0055] FIG. 18 is a functional block diagram of an alternate power
delivery system for a medical device such as a pacemaker system;

[0056] FIGs. 19A-19C are functional block diagrams of an exemplary

switch modules;
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[0053] FIG 16C is an exenplary electrical schematic
of an active current protection nodule; [0054] FIG
17 is a functional block diagram of a power delivery
system for nedical device such as a pacenmaker system

[0055] FIG 18 is a functi | bl ock diaram

al0@5Hat eFiowe? isgaif PV%‘#C&W@@P cﬁ%grag dof'e A earz%}facgower

such as a pacenaker system [0056] FIGs. 19A-19C are
delivényraystemdor dmadicalideyicgndndf an exenplary switch

nodul es; 13 [0057] FIG 20 is a functional block

difeg58yMm oFIGn24l isea nfanetiqraleblockieliagrany afyan eafterpateapower

nmedi cal device; and [0058] FIG 21 is a functional

deliv téih‘?@(é‘méﬁlcéi@e@ideernate power delivery system
a nedi cal device. DETAI LED DESCRI PTI ON OF THE
PREFERRED EMBODI MENTS [ 0059] The foll ow ng

description of the preferred enbodi ments is nerely

CIBETARER HECH I Ry mRer R e

pur poses
of clarit t he same reference unbers
*HOBRAT ur Khendalovang dusaariyos, of | e arefbuies e'%eg@@%&ts s
herein, the term npdule and/or device refers t

meralp Eixeoutanyrinspaiure Aodiistie oavay leﬁemgﬂtm(lmt@ye m\éﬁﬂt'on its
el ectronic circuit, a processor (shared, dedicated, or

appl@aw@)ommmmbms obaladty, theramerrefereace alimiare will be
or firmare prograns, a conbinational logic circuit,

usecM/tRE FalfigsStd tdditRy apmmanermentsat Asr agediehdraim, the term
descri bed functl onality. Wile the present invention
modifld Ln8Rr Wi Rdrs' 1o SR HpNEAicH sPbéific livdgRated circuit (ASIC),
an electronic circuit, a processor (shared, dedicated, or group) and memory that
execute one or more software or firmware programs, a combinational logic
circuit, and/or other suitable components that provide the described functionality.
While the present invention will be described in conjunction with laptop
computers and/or laptop loads, the present invention applies to any mobile digital
computing device and/or mobile computing device load. As used herein, the
term mobile computing device refers to digital devices that include at least one
integrated circuit and that are capable of being powered by a mobile power
source such as a battery or other portable power storage device. Examples of

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

players, personal digital assistants (PDAs), and the like.
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conmputers and/or |laptop | oads, the present invention
applies to any nobile digital conputing device and/or
nobi | e conputing device | oad. As used herein, the
term nmobil e conputing device refers to digital devices

that includ I
LB 6 p R & eD 101G (D eed oy . ADH 16 AREPTS SOUILANG

such as a battery or other portabl e power stora e
devicdeadooedin@rartpe gsioofart, subh las & tARIR iCOF RIS &%slnﬁlﬁéﬁﬁ@@e or
but are not limted to, |aptop conputers, MP3

moreRbAYEN 2, suthr @Imitopﬁllcmdsahn@asbeﬁtmpaclﬁ PBABAL pawersthe loads
like. 14 [0060] Referring now to FIGs. 1A, 113, and

12. Hhe BattERPida@Kk CRAMHIL AW baﬁéﬂ.@s%tm%d&mdmd e seriésr The
art, suc as a |l aptop conmputer i ncl udes one or

battegpégcllliﬁqﬁncgt%agaﬁg %ﬁéﬂaﬁ%@@né@%%@é‘ @orathg%ét%}{?(ads 12.

battery pac
ncl udes r
in othE WErGS JRRIOAE Y et L Gu0ES SRt g eeE o, Heaptop
source for the |aptag ads_1 ot her rds
l0ads 42 taiopo agnovatayh J 2ROk 181 e Shi GRS o' w f may
| aptop loads 12 through conductors 16 and/ or 1
be carfinedied dordcafeancel potentialgsunly as igsoermhnda trd@. (18, ghe battery
reference potential such as ground. In FIG 113, the
packbit ineludesatieriéd 203¢) 205 . hanted- Ks(cﬁklbcftlveb}(Obatterlea 20) that
and 20-X (collectively, batteries 20) that are

are COPRBEEEEH detieseWhete X3eireatérithalreanesoriveatiodal Battery pack
convent i onal battery pac designs, the batteries 20

des@'{e £ HABSRERDs n%b %ogé?ﬁ%éacfne‘%éﬁe¥ Ot ﬁ&ﬁeé’é@' voltage and

c¢rease curre | aptop 10 may i1 nclude a
verter 22 as showmn in FIG 1C. The DC DC
decrg%\?ﬁ,glruir%q 22 communi cates with the battery pack 14 via

conduct ors 24 and/ 26. .The |
cdOREA] catlBevrpirn ﬁé Ry g@t?de % E)(Q)VD&o&dnvegter 22 as shown in

FIG. 1C. The DC/DC converter 22 communicates with the battery pack 14 via
conductors 24 and/or 26. The laptop loads 12 communicate with the DC/DC
converter 22 via conductors 28 and/or 30. One or more of the conductors may
be connected to a reference potential such as ground. In this manner, the
DC/DC converter 22 receives a first voltage level from the battery pack 14 and
outputs a second voltage level to the laptop loads 12. For example, the battery
pack 14 may output a battery pack voltage such as 12V. The DC/DC converter
22 converts the battery pack voltage to a lower voltage level such as a 1V supply
voltage for use by the laptop loads 12. In other words, the DC/DC converter 22

in this example is a step-down converter with a 12:1 conversion ratio. As
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converter 22 via conductors 28 and/or 30. One or nore
of the conductors may be connected to a reference

potential such as ground. In this manner, the DC/ DC
converter 22 receives a first voltage level fromthe

battery pack 14 and_ outputs a second vol.t l.evel to.
descrittesl phpYe phipbfeaversionrgtiosdans o have r%a{w%%gfbgemr lon

may out put a battery pack voltage such as 12V. The .
loss. DELEAsigther battery TRckoItege slacheasns eraTgY fRaskassndalgd with
to a lower voltage |evel such as a 1V supply voltage
paradi® diskibbyioh heesistahop 4todids agperise afhincreasing, losaedue o
DC converter 22 in this exanple is a step-down

Convg'%ﬁe%ﬁ[f‘%i%ea 12:1 conversion ratio. As 15

descri be , high conversion ratios tend to have

[ hGA1 ! hoftiBRg GRAY S FIGN2A! SSSowdNERARLIBE dydfem 40 for a

pac oftage decreases energy | oss associ ated
W th arasitic distributjon |.Si
mobils canefis PRy cp sceoeS (SR ErER o tincl s RrOSore
~[0062] Referring nowto FIG wer, di stributi
distrbytecibed oS 2ot 2o - o Gk TS N GEoTEE G RPEEY 8§ load
the present invention includes one or nore
centefissarrlobds ek®)! deach ehther lpagiocanterp42 includeg ggesor fpere loads.
(referred to collectively as load centers or | oads
One 42 moreadibtributéd poweadourmesesuchdas battetee $4chetdo?,. noped 44-
| oads. One or nore distributed power sources such as

M, (%%rtr&ﬂ it_Ssccﬂl‘étﬁvelg“aszba_ttesies?lﬂﬂ)“é’re dbnrigctéerin qrhraliel with the

lectively as batteries 44) are connected in

Ioadgg?il Ilh Sth J\/Qrc{sg Sattéﬁlgtgf-é igdirleEtI?EBﬁrﬁe&@B dsnd Brsvi®ds/ power,

s direct con and provides power, to

o 0515 208 3y S B gAY pERIBEE ter

the loa 2. 43" RegAIaTE bl RGMAH BORGAAS. hPoB Ay Mo e, o
t he nunber of batteries ,

centers 42 may include multiple loads. In other words, the number of batteries

44 and loads 42 need not be equal.

[0063] The parallel distributed arrangement of the batteries 44 allows
power to be distributed to the loads in an optimal manner. For example, typical
laptop computer subsystems include loads such as semiconductor loads and
other types of loads that are physically dispersed throughout the laptop
computer. In the present invention, each load 42 can receive power from an

optimally-located battery 44. In contrast, the loads 12 (as shown in FIGS 1A and

1C) receive power from a single, centrally-located battery pack 14.
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44 and | oads 42 need not be equal. [00631 The parallel
distributed arrangement of the batteries 44 allows
power to be distributed to the |oads in an opti mal

manner. For exanple, typical |aptop conputer
subsystens include | oads such as sem.c

ond .
anfoio64} hefhe ngle@n@freq@memﬁ,a@f g\eelomq%q%%%yglge llr%%gFanced.
di spersed throughout the |laptop conputer. In th
For &Xzrasiel the et 4an, nesc heduied mpze dmﬁrernéé@am/éh%%qe 42rpm 10
an optimally-located battery 44. In contrast, the
prev%aﬂaGﬁe% (Rve? NEOMBUIMptiohGEhé Apcawet distridutioaceysiempdQep one
roma single, centrally-located battery pack 14. 16

impi¢RBRtiolNchideseBhe 6 o€ B P fcohhecliorar #64anded48. beThe

ced. or exanple, the load 42-1 may require

termhGonPE eI B and 1B, Mg % sIbIpIRKRNEH eNaBrial that

ution system40 in

one inplenentation includes one or reLarm
shortofectiet daTaage g g Sedad teanimamP! s ol fiéfs 42 andior
and 48 may be any suitable conducgtive nat

. 1 r i

batterfesr 44, tespetiivaly. frRiotheravardsndq Hest é%faaﬂafe?#eﬁ\l% ﬁ{gfi@a%?ry 'S
the load centers 42 and/or batteries 44,

conAEABees ithelfiyst termivtaeof ntretatieniesfinitee batiery RaFkofA similar
the first battery is connected to the first termnals

appiacht Rerudat teF i @@ isecbhe tartiealy. paker exappie] adhe terminal
approach is used for the second term nals. For

| ; : ) L
conﬁ%@'g&gzﬁ %ﬁc? 4??@5‘% gtﬁ:'h.lxdec, YR aFé heEmitéd &) tohluptiye wire and/or

imted to, conductive wre

3o gl 5 P B BPEOE by g botoersceioes

anes (

round traces/ Ianes\a&GT/ 0065] Referring now to
TGRSR s ot
sing_un
mef00§5) oaBefprring now to FIG.QZB, Ian gxe Ia{rgl)agov%ér distribution

system 50 includes a central processing unit (CPU) load 52, a memory load 54,
and a graphics processing unit (GPU) load 56. The CPU load 52, the memory
load 54, and the GPU load 56 may have different current requirements. The
terminal connections 46 and 48 allow the different loads to receive power from
one or more of the batteries 44.

[0066] Referring now to FIG. 3A, a laptop computer 60 according to a
first exemplary implementation of the present invention is shown. The laptop
computer 60 includes loads 62 and batteries 64 that are connected in a parallel
distribution arrangement. The batteries 64 are incorporated in a battery pack 66.

The batteries 64 provide power to the loads 62 by way of multiple corresponding
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and a graphics processing unit (GPU) |oad 56. The CPU
| oad 52, the nenory |oad 54, and the GPU | oad 56 may
have different current requirements. The term nal
connections 46 and 48 allow the different |oads to
receive power from one or nore of the

a 44.
connp OISt GaReN PackPBNgANSloRd op eSS are
according to a first exenplary inplenmentation of the

connpetesiat deswenid bmFiGs. Sfoand 2B)withipthepbattanipack 5660
i ncludes | oads 62 and batteries 64 that are connected

i 2[096']1’13!r ahltebugitlttes biahetyi packads égeowntiocatee within the @ptop
64 are incorporated in a battery pack 66. The

comﬂr}uﬁ{e{ IB% i t‘F\%S@Asle’éBVihgﬁe RPMEAN hppidamate ARatthe haerypuicloB6 may

el 1 e corresponding 17 connecti ons between the

a [ a -1 i

be 'oegfﬁvg%%ﬁsﬁwa?&ggS@%i%fééﬁw.“ﬂﬁﬂ%@@ FREeh G TAER cvcner 60
t he batter ck . ] 0067] Al t. t ;

may 6588 o RliTP B P AT FAKRe P abtigh N ESaR: &jufgh Bateries
those skilled in the art can pPrecia e h?t t he

connegtacinypayaliel @b dasgribasbabgyat ga @%?Ekpﬁm%ﬁf‘? gRjopremputer 60
| aptop conputer 60. Further, the |aptop conputer 60

may imolude bbttdry pagksuBthatyarefphiyaicady Jo gngppesitie sides of the
i ncluding plural batteries connected in parallel as

|aptdbe(§5fhb@@degbove. For exanple, the | aptop conputer 60
may i nclude battery packs 66 that are physically

lo o] ' ' ;
[O@@g?ﬁ’ 'Th%opgfdlubf dRitABSHAT afafgehript @ thenpeiere26and the

The pa el distribution arrangenent of the

vty 3A0P4CR, A e e P sy .

A batter ack
batt%rggq%éggfgirs]&%ﬁ\fngﬁeic{)ins S Wit hfladu k@g:?angﬁgélgé%é: % plurgiity of
battclarri]essaralt %Sré c%ﬁe&[adrmrs%ri%fs. t r?e kc)>z?1trrt1c§errei c?f3 thgat}/att%%\ég rr?ay have a
smaller capacity than the other batteries in the battery pack. In this arrangement,
a smaller-capacity (i.e. weaker) battery 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 Qf 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.

[0069] The parailel 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
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smal l er capacity than the other batteries in the
battery pack. In this arrangenent, a snaller-capacity
(i.e. weaker) battery nay self-reverse charge when
| arger- capacity (i.e. stronger). batteries are
~ discharging. As a result, the smaller- capacity i
distributedefrgmi they hatiged pack &belsy the deads 67y héetrangernpattery will
capacity of the battery pack. Each battery mnmust be
providaampesl aurcerdi ahaageeaker detteryr withincthealsams: deligey pack,
capacities and to avoid including batteries with
negaltifg eaelipvasiehity et pasrsé eharging e wedkar battgrypasdk.a resuit, the
[0069] The parallel distribution arrangenent of the

overdll $38BFy pRYRNibRMe Rl Md8heS dRNYAShikinflint édpachpdof the
costs t'hat are associated wth balancing battery

vatefBREN 2 4 PR e TR, PGt B s, of e
ot 8 B P8R ST Ra B b oot

sane battery pack, negating the possjbility of _ .
the enguay ettherkattani pack @ndagnerseeharging wilnot Qe pimiayly, the
overal| battery pack lifetinme will increase and the
paraliedistributierp aciangentent peovides inorgagett keligbilits  Méhen ape of the
effectively. For exanple, one or nore of the

batteiett 4 waakeAs aueriiime] theheirgrgert batiery isi able toosuEgement or
specification to fully exploit the energy of the

repla%.@tth@r e}?@;‘PFU JrINEWERkeP BattbRY Thbtefordl tlﬁ’@‘éVén{all capacity

imlar h paral l el distribution arrangenen

o BEBHAF A R GRIRA el one of the
 TOOTBE - RIPRLT e B 5 BTl aBlF B pHe
srord oo RIS S 8 i TS0 e SR, b7 4567 o
circugac):)nid?t?o%r ilcs)op:rgtsc(eant‘?1 In other words, the short circuit detecting module 67
monitors the battery pack to determine if the terminals of a battery are shorted
and/or if 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.
[0071] The laptop computer 60 may also include one or more DC/DC
converters 70 as shown in FiG. 3C. As described above with respect to FIG. 1C,
the DC/DC converters 70 convert the higher voltages of the batteries 64 to lower

voltages suitable for the loads 62. However, due to the parallel distribution

arrangement of the laptop computer 60, the conversion ratio of the DC/DC
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short circuit detecting nodule 67 that isolates the
batteries 64 when a short circuit condition is

present. In other words, the short circuit detecting
nodul e 67 nonitors the battery pack to determne if

the termnals of _a battery ar rte and f th
convefriers 7 Otig reqwegd. Foraemm@)r/ g’céﬁ ‘i%&’eftﬁrscﬁ@”%ée‘/cﬁ?ﬁ‘&ee'ess

term nal of another battery The short circuit
than alétieconvegsivndatie. 8Votney irsplescentations, dhasgaversipnsitip dhless
of switches or contactors; 69 to isolate a battery.

than 608qudi td18et Izpta)m/prownutmmﬁe} saygh af the DREDGonyedery may
nore DC/ DC converters 70 as shown in FIG 3C As

have SE8#fcr&SdcaRRSioW dallo! easakicht ehdloerall éficiehby dPGh&Taptop
converters 70 convert the hlgher vol tages of the

compgl%t tﬁtﬁeﬁ]@@é\/%ﬁ | ower voltages suitable for the | oads

e to the parallel distribution

arr t of the. | apt
UG el By oY St 0 ERHAEE 6 moy
exal the DC/ DC converters 70 have |ess

requiee hig @h@@ﬁéattm frequesicias 6%8?(3"‘9&& Ht%&%féﬁﬁg fr?ﬂléency of

conversion ratio is less than or equal to 3:1,

appraximately It MHEZuextesnal m@&ﬂwe)pomnsmwayohveﬁm@lﬁ%f %@ less
have a different conversion ratio. As such, the

expeRyige ahbnetdrnpaminiy cofnpidmentsmpemtlrtgomibtlew equency DC/DC
i mproved. [0072] Certain sem conductor |oads of the

conv%ﬁ@ftsoloIr?Qﬁ'@lﬂa‘?élleﬁQﬂ|§tﬂbutlé|¢‘%rerr@ehh@heth63m@/l0 Bgnverters 70
requencies. For exanple, at an operating frequency of

may gg&tagé elTBcfrlﬁér (r]:ilfrggéen&ég rAak r@@ﬁl?' de SPfH%DD@'ﬁDS BWerters

expensi ve than conpar ab
70 mégnrﬂ%???%g Oﬁ'ﬁh ﬁea‘é%m%‘%yh%:eogﬁé&%qb?mn arr anger)nent

R oD 4GS 1651580 B ey jnctuce
batteries of different sizes in a parallel arrangement to further take advantage of
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 a first set of dimensions and/or shape, a second
battery pack 66-2 having a 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 primary 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.
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70 may operate at a higher frequency (i.e. between 1
MHz and 4 MHz). [0073] Referring nowto FIG 3D, the
| aptop conputer 60 may include batteries of different
sizes in a parallel arrangenent to further take
advantage of this feature. For exanple, small form
f 46024] | alnt apotbenisoplementationhe taptep RmpYtanpa e inglude
for fitting the batteries and/or baftery packs 66 each

a batehh afBRrobatterprsadkahbeingean itregolae sizgplandéon abape, In stil
the | aptop conputer 60 may include a first battery

anotrﬁs’ﬂgig\e:ﬁéfnén%i%g%@Iafdtbﬁtcoﬁﬁiut@( 6difapshcnde amdfiple mounting

, a secon battery pack 66-2 having a second set

posiRiseid= 1RARES “AAIRE DARGS: (3RS 3B bl RAIE Halagkpack

gb" N Nan ) nensi ons and/ or shape.

e bapter packs_ar rranged ' t heir ;

placqiPERa §OF BXATPEs o BRk RBEn, RAChATLFE i@ df o'top side of
includes one or nore batterjies. The batter cks 6

the laptepcmmirdee 60 @eged ReFondiRaNEH RIFKITBUMRE rbuBRS G Booggtom

. sharing as described above. 20 [0074] |n_ anot her

side iofithe raptomcompwuterf.| Aeumtivelypatruralty abbatiery | nagks may be
battery and/or battery pack having an irregul ar size

moupftd S1bng aansdgd of thikeilaptopactotipieter BoEneiematadroers efitbe laptop
| apt op conputer 60 may include nultiple nounting

comP?@erons for batteries and/or battery packs to allow
exi bl e battery pack placement. For exanple, a first

Fgﬁ(}?ﬁ pzﬁé‘f{agﬁ%gﬁmb‘nf‘@s.oﬁAagheF’Sﬂi, de |ghtopt @8mputer 80

t
conpu a second battery pac& may be

o S5 95Po R8T il Py i SR B Bberveer

packs na

the bRt i@eCIRIDRS SEAYPOAT® PRBITBIEE! MOETSIboand 62. For
exaaneSIfe(?rtlgcie rgrnqi(r)w\z,avl tsr(\)or't:ilngsc'onigc%ggs 5rﬁA\é\y ?nclltilj% %gnﬁgc lnugt Sgné;t?ctors
84 and 86 as shown in FIG. 4A. Alternatively, the terminal shorting connections
may include metal stiffeners 88 that are connected to the PT/P and/or the GT/P
of the motherboard 82. Referring now to FIGs. 4B and 5B, the laptop computer
80 may include one or more DC/DC converters 70 as described in previous
implementations.

[0076] Referring now to FIGs. 6, 7, and 8, a laptop computer 90 may
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 90 may include a first load 96 and a
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i ncludes a notherboard 82. In this inplenentation,
paral |l el connections between the batteries (as
descri bed above) are incorporated on the notherboard
82. For exanple, the term nal shorti ng connecti ons

may i nclude connecting conductors nd 86
second I6adz984 AThenfirsérioad 986‘7‘?}’ reddrq ar Wﬁh‘c’\‘P t%rs[u%ﬁgas A The

connections may include netal stiffeners 88 that are
secondnioedt 88 mayt teeue/ ® sedhdr voltrgeGthat ispgreater than the first
mot herboard 82. Referring nowto FIGs. 4B and 513, the

voltag8Ps@dh 69Ut Hithe 3ittariys ipnolidea bateergvoltage oDgpudthat is less
converters 70 as described in previous

than 'Wé@%%fl&i i 1V %Z?]uppéﬁoeétébﬁﬂmﬁp%ﬁ\mr@r&naﬁbe tsed. In

aptop conputer 90 may also include a

the Q?rtgﬁ %t(rj We%%?g@()w&%? prgr%(;gfb@: E’oﬁ&é?‘%r”éh B6HHE the voltage

fm con evices I n | aptop
have rel ati

conmput ers
of thP&?@‘ie%ﬁ%?ﬁngi ‘P—IEvVéW@Qe S&'&%‘/ﬁglfﬂr %@n?%%’ ?35?% tevi ces
may require I
coi%;&?t'fgr ﬁ’lﬁgth%:iclf‘\ﬂ/&@%%ﬁeﬁlstho{h?zgag lpgrﬁﬂ’tngpeui!?tr Pie may

secondload 98. The first load 96 may require a firs

includel b er nserehperiphieral Jerdces 468r(g-9- oaohfgg ¢1ﬁ'§/ df'éadHrD@)aor a
second voltage that is greater than the first

DVDY ativ@phat ke ARré tham foreheoltzafet mquirenperdvasiehawn in FIG. 9.
battery voltage output that is |ess than 5V and

For %&Sﬁ??é thBﬁSbrﬂp\i‘yerélt §vitd 1@Qdm%96r@qd@m it eltage sofnBly for a
be u he present inplenentation, the step-up

o BRI gt R LA 10 P e A 3 o
oo R T o ABREE I
prestea thieaiient HiencloRo0is BN AQ0, TebRaLIE T BRI A & fange
of SEIp;C)in \?oltages. For example, the electronic element 106 may operate on
power from a single LiOn battery source or a supply voltage of 5V. In
conventional systems that operate at 5V in a series arrangement, the electronic
element 106, as well as the mechanical element 104, operate at 5V.

[0078] However, the peripheral device 102 may also operate in a
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 words, the electronic element 106 is
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For exanple, the peripheral device 102 may require a
first voltage of 5V for a nechanical elenent such as
a notor 104. The peripheral device 102 may require a
second, |ower voltage for another electronic el enent

106. In the present invention, the e|ectroni
configuréd rayopEratebhtea iowep evpil v&;ﬂtager%ygll agfoé)qrila% %tl g\r}e \%ich
vol tages. For exanple, the electronic el enent 106 nay
negafiiBahatirfeedfor pAERIitionairsepsim PIGDG @nisaterery source or

a supply voltage of 5V. In conventional systens that

ORGHRIIE 2ReRYrihg ndwsRS FIES. a0 B ge pidp computdreldiOranmiverts a
eﬁgérrer;‘t 106, asgvvell as the nechani caFI) el enent 104,

batte%gfo?nttggeatto Sy 5UOQZE$|yWW§‘é : aéélaﬁdmgr it®her &vo-sieigec ®C/DC

- al fo_ op?rat in a 'parallel distribution

rangenment in a _ - -

il S e e
convert [

pattonstaerBRIOtBPEiERE Of DATeHE MAYEE URes. dheriefiap computer 110

converter is not required for the el ectroni
includes 2 DE/DECheonvesteds!,12; westepedawn MG/DG Q%Yé]éeiogﬁev?”g’tza 1in

configured to operate at a | ower supply voltage as
step Al DCASCopemairier &t 65VThetDEC mogsedsr i h2 m%segefaa ptegndown
addi tional step-up DO/ DC converter. [0079] Referring

or stipH Sorferer atBoiding %o trapieipadgm ranuiremdrits of tres bads1 8. The
attery voltage to a 5V supply voltage according to a

DC/@%?@%&%@&O@EEEE@% g?l?{;;f%g%t i-btarlt]ti@lrj\,ﬁflllfzgnas described in

pbat t.er al t hough ot her types of batteries may be
previgyigdm eP{ﬁS‘f)B “conputer 110 includes a DC/BISC
converter 112,

a step-down DC/ DC co t
1: 9088 ep-1i}e ©8% BEAHRVP té?os.[‘lcénv?ﬁ\é?h@%’&,éi%ﬁvg%reaﬁe for
112 may be a step-down or step-up converter c%r(%g n
certain hige cwrerdgpplicgtions mher examplge tm%deltiq%.of%ﬁ% attery 124

may be between 2.7V and 4.2V. The step-down DC/DC converter 114 first
converts the voltage of a battery 124 to a lower voltage. For example, the step-
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 load 122. For example, the step-up DC/DC
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 requirements, the step-up
DC/DC converter 116 may have a 1:n conversion ratio as necessary.

[0081] Those skilled in the art can now appreciate from the foregoing

description that the broad teachings of the present invention can be implemented
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DC/ DC converter 112 converts the voltage of a battery

120 as described in previous inplenmentations. [0080]
The use of a step-up boost converter may be |ess
desirable for certain high current applications. For

exanple, the voltage of the battery 124 nmay b
in a \ertetp of fatmay Eimel praseat IﬁMﬁ?@tIQﬂéDaHU\WTW&P%%\T‘@PW&“MW
114 first converts the voltage of a battery 124 to a

pack ax@or \pomierasupphpcoafigumatiens tihea paeglel deftenDdigixipution.  For
converter 114 converts the voltage of the battery 124

exarhfle2 'a5¥§wg? GSLrp?ﬁl\? RorUBattsryDpaek W@gt iefpldrhent b paqaiteit battery

conver the l'ower voltage to a i gher vol tage

ssoBBRN By ek 448 b %uSPY rnERl avbrancer sy o e

) converts the output of the step- down DC/ DC converter
|mplgmgnf%log§_ eﬁBF'b?f?éﬁ% “wol tage requirements, the

step-u DC/ DC converter 6 ,may_have a 1l:n ersi :
r a[qpqugs frefeding oW G@SE#‘TH%@ ENI ST L rﬁ‘%@}éarct% hilting
can now appreciate fromthe foregoing . descrip

: . . ) Lon
devith @00t wish Hoadsl is ekewnngEheMmebile se@pEHRg idRViSst é@ﬁ inclydes a
be inmplenmented 23 in a variety of forns. The present

centrdlV pPédesBingRYINItN(OPPPr204 aiémaoryk 266n (skaht @sy rapdrR access
and/ or power supply configurations in a parallel

meng&:yt FEXd CBrﬁi%@Mb}ﬁ”and?@F otR&aBDiteble aelpotrenicsstppge)oand an
attery pack may inplenment a parallel battery

inputwgijm]dgﬁﬂbi) ‘?ﬁ‘teWiaEg.Z‘!'Oi. VEhE Yevi® 280 rRap flrtiB)include a graphics

B bggyﬁgg%; Fg %%ageéf OfﬂhF Bgn I ”DLE”EN o O'nS@G e
pro‘fff\;l?ﬁ lér'Pl'lh((a rmlb: I ngElg ult?1g| gv_Pce @g?‘”w. t?(ﬁ;\aaﬁnfs -
or magRtResPNGra GE iSRG UGS 1 Bty o 2 et ohEERs e umore

random access
motors 218 and control 220. Additional peripheral devices may include a hard
disk drive (HDD) 224, which may include one or more motors 228 and a control
module to 230. The device 200 may include an audio output 232 such as an
audio output jack or speaker. The device may include a display 234, inputs 236,
a disk drive 240 and/or a wireless local area network interface 242. The inputs
236 may include audio input, a microphone, a kepypad, buttons, touch pad
and/or other inputs. Components of the device 200 may be grouped into one or
more distributed load centers and supplied in the manner described above.

[0083] Referring now to FIG. 14, current surge in mismatched batteries

according to the prior art is shown. A circuit 240 includes a first battery 244 and

a second battery 248. The batteries 244 and 248 are connected in parallel and
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menory, read only nenory, and/or other suitable

el ectronic storage) and an input/output (1/0)
interface 210. The device 200 may further include a
graphics processing unit (GPU) 212. The nobile

conmputi ng devi ce 200 ma ncl ude o0 .0 r .
supplp@negranare gads 269. i ﬁgageaawgagﬁq,\v‘ékg?ﬁﬁe%ﬂ% 2441s a
i ncludes one or nore notors 218 and control 220, _
new dulifot fullyatharged fiatteny addvihe eecang biattenudésds haol, dafegtive
drive (H DD) 224, which may include one or nore notors
and/o?2§llya@|§cﬁa@@ﬂtﬂaltery neutdret floovid@ o tHEhseatmd battarg@48aypay be
i ncl'ude an audi o output 232 such as an audi o out put

too hlgﬂ%ooé @é‘rﬁégem@/&%héﬁhéﬁmsncl ude a display 234,
[ nputs I sk drive 240 and/or a wireless | ocal

?1@%@?2@ festa o P® HG: ionc RUE oomByy devics, 300

g R B ek T (s e protcin

distributed | oad centers and supplied .
modules Gcrawina iR ire Prefsss]jinyention; | ﬁEe rﬁ’@\xf'olceg é&%ﬁﬁ‘ﬁgf batteries

current surge in msnmatched batteries according
304-1,n8040i 8043, tarids 38herollactively batterias 304¢ |tfm@re|§rmafltyr%tpply
battery 244 and a second battery 248. The batteries
loadBbeand 3968, 28663y naed t F6-# n(qoHectiet) laads BOGUppspectively.
one or nore |oads 250. As can be appreciated, if the

Sendin %5 HndbpFdteEtiord Moduied 310eY 3nd/0r3foiB| yinghat ged (collectively
battery and the second battery 248 is in old,

sensﬁ]‘ao%&% EYc?tgcﬁﬂg n¥ddisd bXO?bFeCB 5 Je 3 El'?é ISattSHéé QOK 1, 304-

second batter 48 may be too hi gh and

2, i ped B ?;‘e”s%%‘fimeﬁtvl‘ef%%%%ﬁ%'ﬁﬁga%@@?o‘% o5 fiddis st0-1
in t d
310-36440 3005t KLEEENGR CURRILTIL FUPUORANS BotRHo TDggh 304

i nvention. The device 300 includes batteries
2, 304-3, and 304-4 in any suitable manner and limit current as will be described

below. A control module 320 communicates with the sensing and protection
modules 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 or fewer
pairs may be used in a particular implementation.

[0085] Referring now to FIG. 16A, a current protection module 330 is
shown. The current protection module 330 includes a plurality of transistors 330-
1, 330-2, 330-3, ..., and 330-N. When current flowing through a respective

battery is sufficiently low, the transistors 330 are turned on. When current
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304-1, 304-2, 304-3, and 304-4 (collectively batteries
304) that primarily supply |oads 306-1, 306-2, 306-3,
and 306-4 (collectively |oads 306), respectively.
Sensing and protection nodul es 310-1, 310-2, 310-3,

and 310-4 (collectivel sensi ng and t '
exceagsdal &gesncéw i1 AR 330 cen A TEH; S50 dighiurped off o
304- 2, 304-3, and 304-4, respectlvelal The sensi ng
adjustadepistineet prruwtl.dcblsy 8ach transiw-380.3800®; ofthe f@mﬁofs
sense current flowi ng through the batteries 304-1,

can @@éele@bnv&@‘ﬂur&ed&ﬂﬂw&ﬂédhens areyofsUWhitd paralieharrangement is
limt current as will be described below A control

showﬂogléleﬁeé%praﬁgo t%@hea?’sd"bé Risk@e sensing and

t ot ection 310, receives a sensed current
[
o J0e) a%?teiﬁ“gebﬁmﬁn@@?ﬂ?%uéﬂﬁﬁhe Rie® proto el Srdu 340
el pSebBbingrodié YA BAGURTBRIRFBTAGE 56 e ithaca

d I '
R CHE

shown. The current protection nodule 330 includes a
threshbld, ahé tswitch 344aissopenadstBoredse setee regsgange by adding the
and 330-N. When current flow ng through a respective

resishiticee34p. i As aubbilg qridrit flb@mg threugh e bsttenysietBoasmse
turned on. When current 25 exceeds a threshold, the

t TBO8TF! OR%fé”r?iggaﬁ@w“inPl@t egcagHhert GuReAL @fcﬁtebﬁbn circuit

adj ust” a resi stance RDS provided by each transistor

350 gﬁ’&ﬁ%gg (rfr?cll\?éi1 tah\?ari b@é‘?és?lét%ﬁﬁ? f%ﬂ? asgér%‘ﬂbi ¥Shnkcted switch

Ieo ers are o ar al

ement h
s SRSt SO0y S P CEEATE iy vers
current protection circuit 340 includes a resi.stance

lncregsgs a00va pirashal, tnRuttrls SRPOSH, taincresse SEYiFs coistance
44

by adding the variable resistance 352. The resistance that is provided may be
adjusted by the control module 320. As a result, current flowing through the
battery decreases.

[0088] In some implementations, the batteries may be single cell
batteries. The resistances can be implemented using resistors, transistors or
other suitable components. The switches may be implemented using transistors
or other suitable components.

[0089] Referring now to FIG. 17, a medical device such as a
pacemaker system 400 is shown. The pacemaker system 400 is fully redundant.

In other words, a bad or low battery can be isolated reliably from good or charged
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is normal ly closed. When current through a respective

battery increases above a threshold, the switch 344

is opened to increase series resistance by adding the

resi stance 342. As a result, current flow ng through

the battery decreases. [0087] Referring nowto FIG
battefi6€, #ndiadeor cinpperableracuitt Peeh @S @uicontrasmaduiancrt pulse

include a variable resistance 352 and a parall el
geneffibneahese selidbly is@ated Fom gaod odr aperaple nisewits. | Wutputs of

cl osed. When current through the battery increases

selecid® \Bnfrol M dndldiepuise geherstorpeardd reliably eambined to
series resistance by adding the variable resistance

. resy tRateafishi i '
o] PP R P o o Sty om0 cor
. flow ng through the battery decreases. [0088] In sone
be imRfRY&Hhent ati ons, the batteries may be single cell

batteries. The resistances c be | npl enent ed [
r 49080br s Ther Bac§rariEs Sl‘.ﬁ%emo?'ﬁgr '@!Hr&‘%gbplélsg o%%}g‘%é{rﬁ;% (4044
The switches may be inplenmented using transi rs r

and 404 r(csilgativblye Potseparnrarators POdgoswitet moduiRs %éx’gv"t 60g-2,
FIG 17, a nedical device such as a pacenaker system

405-80Rollsctviebyrswildhe musiutesakes) sndt eontrdompduleal4G8A and 408B
redundant. In other words, a bad or |low battery can

(collé’&iviegﬁ?!céhﬁgl FRULRRIA04A and 80aB).00Meharrgerk leafls 412 connect a
batteries. A bad or inoperable circuit such as a

seleﬁggfp;@éeedagﬁé’u’a?or%o%' §§ati&ﬂ'§eﬁé’é@ﬂ1@9% %Ié@hb@@ihgf424 may

rom good or operable circuits. Qutputs O

oo VREATE RSB SATREN B AL cBYRS BRSO ieratrs 4os
and :fgfmlflrlo:bénﬁagggergslglgg bri'nlaiyt be oifntetghrgtepda e lc<)r(?¢5 SY &L E8Rbination
modules. Furthermore, the switch modules 405, control modules 408, and/or the
pulse generators 404 can be combined into one or more integrated circuits.

[0091] A selected one of the control modules 408 controls a first switch
module 405-1, which selects an output of one of the pulse generators 404. The
selected pulse generator 404 is then connected by the switch module 405-1 to
the leads 412. The pulse generators 404 receive and process signals generated
by the patient’s heart 414 and selectively deliver heart pacing pulses to the heart
414 as directed by the selected one of the control modules 408.

[0092] A second switch module 405-2 connects one of the switch and

protection modules 430-1, 430-2, ... 430-K (collectively, switch and protection

modules 430) to one or more of the control modules 408. When problems are
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[ 0090] The pacemaker system 400 includes pul se
generators 404A and 404B (collectively, pulse
generators 404), switch nodul es 405-1, 405-2, ...,
405-6 (collectively, switch nodul es 405) and contro
nodul es 408A and 4088 (coll ectively, cont nodul e
detecierhwithranesoiate, contyel o6 20 §ne T e AHISGogerators 404,
sel ected pul se generator 404 to a patient's heart 414.
switcth rsedlled 408+2i and 405-tmyespsstivelyd cap b wstuatedontgieet the
of the nedical device. The pul se generators 404 and

otherqide genamtr 454 dOcontryl nedule€gr ated into one or nore
conbi nati on nodul es. Furthernore, the swi tch nodul es

8@09 Font AHowErHS DUt sysRMm QQOtlh@udﬁbe@u@lgebﬁbéﬂtéries
can be conblned into One or nore integrate

150 LSS SO R S e s
S an out of. one qf t 4

paralf‘ﬂ‘ie Tl Bovd BiricllugBnydent sk 4 REREES e o e, ond
the switch dule 405-1 t t he | eads | se,

proteghi raRdies 480 risach SuleihangrRIBIEsEo8 Radie %Be%cﬁ’rﬁwiﬁwates
by the patient's heart 414 and selectively deliv

with et mereiafghe ebetsel modules 4¥hyie the secard QWPtébt”é@d'-B? 405-2
the sel ected one of the control nodul es 408. [0092] A

and satectivély sbhedctsmhel er Fabe 2f thahatteses@&0dDb a lcerrsmidn vhitage
and protection nodules 430-1, 430-2, ... 430-K

rail ok ABHE &Skl Vﬁié’corﬁﬂdrﬁ%l%@ rBIIQIISQC;SfoOHeSI&Wer(S s4@oh ricdules

one or nore of the control nodul es 408. \Wen probl ens

40581 2034 ﬂﬁ%fét?ﬁ’de‘%%% ORRiIcH s %é%n&éagtﬁrehﬁgong&k@ﬁ t4QBe Pulse

generators dul es 405-2

genesﬁ"ﬂaﬁ 0%%%% 45l ok, B @t Pty 4Gk eha Hes,

[0093] A povver d| st r| butl on. system 420 i ncl udes a
respagtipi, of § papRmpER @ tem 400

[0094] The switch and protection modules 430 may sense current
flowing from the respective battery 450 and/or voltage across the respective
battery 450. This current and/or voltage information is communicated to the
control modules 408. The control modules 408 direct the switch and protection
modules 430 to connect and/or disconnect the respective batteries 450 as
needed. The control modules 408 may also instruct the switch and protection
modules 430 to actively adjust current flow from the batteries 450 using an
approach described above in conjunction with FIGs. 16A-16C.

[0095] The control modules 408 may test one of the batteries 450 to

ensure sufficient charge prior to switching it onto the common voltage rail 456.
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450-1, 450-2, ., and 450-K (collectively, batteries
450) that can be connected in parallel. The power
di stribution system 420 al so includes the switch and
protection nodul es 430. Each switch and protection

nmodul e 430 comrmuni cates w th one or re of ,the
The aonital ohodubesI 68 mag MeasuracCaledlaify %\fﬁ?‘@ﬁe ﬁ%ﬂﬁ? of #pares of

and sel ectively connects one or nore of the batteries q
each4fteryp Theostatss ofotharge mayible basatbae apss). Cingidt YQJiagsn 02
vol tage rail 456 provides power to swtch nodul es

testi 3. Prehtiahp Tzohnadthg! @ndémesisudhg sEykgesistange and low-
es lri)b?gévlade power l?% the pulse generators 404A and 404B

resis%;ﬁ%{e}qgéu%bagggnéa%g,r aRaet Eﬁé%ﬂa[@lgga ] §8ched.espectively,

syst em 400. The switch and
pr i on, modul 4 SgRse g,  ddmeichardgpeative
PHBOSEL pofoty copPl chpdilh SR0FCsElichFal, Cormeelore
respective battery 450, This curr d | t age
batterigs o4l iten the Eeﬂ%‘ﬂﬁﬁ‘ c¥pltreg ora{dhﬁo%ré?é%%d;ul eg‘ Some
408. The control modul es 408 direct th w tch and
implgmettationona Sglel batens d 0o eRnEcted Mo RS drSgRfrruer fall
the respective batteries 450 as needed. The control . .
belowod Uhesshél iddheal te saectas: battaey 480t tails dfegprovide sufficient
protection nodules 430 to actively adjust current

powdd, Othd T QSRtidIe rRRIUISS | £88 4§Herusdisgprarectsaiptieodesitery 450 and
escri bed above in conjunction with FIGs. 16A-16C.

d
sim%t%ﬂgégxlslgt;@o@%%sg %'nofﬁ%?’ulbﬁﬁerg.OS OBRACHiOEt andyer dfidudiize circuits

ensure sufficient charge prior to

and/?giﬂ{tgrg: rﬂg%htﬁlpgg\tngsé qﬁé‘%’“ﬁéﬁ%{ﬂ?’ g’B\tN@Q‘?né gblicé HiringSwiteRing to

cal cul ate, and store
ano%}qg:béite%gy?rggtﬁ%rs gﬁplg&aq%ggﬁoarﬁ ﬁﬁ%ﬁet EH\;%‘ ?gg;ﬁé}egg 5150 can be
acti\}ae;aiaﬂgségélgd]@; gggﬁgt&)%ldlu escggg ?T(\:é)i/ ﬂgenaggjug?%%g/roirqgnit total
power and/or total current to a predetermined level.

[0097] The ability to provide additional batteries 450 in the pacemaker
system 400 increases the life of the pacemaker system 400. The redundancy
also improves reliability and increases battery life. As a result, the pacemaker
system 400 may function in a patient for longer periods of time. The switch and
protection modules 430 provide additional safety when using multiple batteries
450 by limiting excess current. The control modules 408A and 408B may be
connected together and exchange information. For example, both can be active

at all times. One can operate as an active processor and another can be a

watchdog processor. The watchdog processor may send predetermined data to
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resi stance dummy | oads), and/or other suitable
approaches. [0096] The control nodul es 408 sel ectively
connect respective batteries 450 to the common
voI;agF rﬁil 456 as needed. In sone inplenentations,
a single battery 450 is connecte ntil i ;
the aplinge pracgisser an@?/%wcg the relirae .dasiv\g%tdﬁ%‘l"%% %Dge?g%‘m of the
battery 450 fails to provide sufficient ower, th
active qurocessarod uf e agtive aroersFEsnfees s'qth ée%&\p@e F9”‘i§‘f¥' the
and sinul taneously connects another battery.
watcKeRRAGirbtassoanaindlor | arhiloer eonitolr cupdude mAY/ BRCaNe tthesactive
may be provided to tenporarily power the device during
mocéy&#phlng to another battery. In other
I mpl ement ati ons, nore than one battery 450 can be

ggpggﬁ at LA TG n b P 1B0Bh AlorfBd dfendlidr BRstsh 800 is

to a predet er i ned.| I power and/or total current

pre m ne evel . 7 h il ,

shows, oG EBURER oel PUSY (e Ie5e R ahofBs TR, K, Bittch modules
system 400 increases . the |jf f th

105, 50 e et 6 S 121 0 S BTRERGn S5l
increases battery life. As a result, the cema%(er :

and ts benipdOmURING MRS AT RrEngad Brin PUBTIAR GERGuration. A
periods of time. The switch and protection nodul es

first $@RcPrdutie 40868 selectd osmbbthe phlea gesienaforufodplide selected
batteries 450 by |limting excess current. The control

pulsgg%we?éto?fgﬁﬁ BNSbrHABEdTRY teeleadlerdrit dihet pylse lgeneaatdrs 404

ange information. For exanple, both can be active

receg}ﬁagrgc#] BE | % 'sigﬁ%g %%%eﬂﬁ@& %gethéspzﬂ%n% tHewet PrHERS Selectively

er ca wat chdog processor. The wat chdog

delgr GEauGer Eite BRBLA A Y OPAcy BELRTHS! L8 A ve

SOl ata to diagnose
TR ki) bt R oo et e
switch modules 405, protection modules 520A and 520B (collectively, protection
modules 520) and/or the pulse generators 404 as generally shown at “S”, “P" and
“PG” in FIG. 18. The protection modules 520A and 520B are connected by
switch modules 405-1, 405-2, 405-4 and 405-5 to the pulse generators 404A and
404B and the control modules 408A and 408B. When problems are detected
with one of the control modules 408 or one of the pulse generators 404, switch
modules 405 can be adjusted to select another pulse generator 404 or control
module 408.
[00100] The power distribution system 504 includes the plurality of

batteries 450 and switch modules 510. The batteries 450 are each selectively
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wat chdog processor and/or another control nodul e may
becone the active processor. [0098] Referring nowto
FIG 18, an alternate pacenaker system 500 is shown,
whi ch includes the pul se generator nodul es 404, the
swi tch nodul es 405, the control nodul es 40% the 510-
conndatad to Hefirsh ppatestionmadule 620 HrDYsTRSPERTEHIWIEH, MPduies
seal ed housing 424 that are arranged in an alternate
1A 546IFA 9Ur aidom0-KA. f Additiosallyt, dhe ibatiaties 468-ase aachcsalectively
" one of the pulse generators 404. The selected pulse

conndEBA"BHAE AdnbiSprerieatAddtie 5208 lyadspedide Swikcpmasiiles
generators 404 Treceive and process signals generated

atienty et 414 and sel ectively deliver
s10- i AftgBeL Sl sy

eart 414 as directed by the control
modul 408. [0099] T t -
ata018inedbe otk MoISER, 52 SR AE A BIE petshater
nodul es 520A and 520B (.col |l ecti

Ly, of ect.
systarocabs Bespusndsaih prssaiareanliiey 580 Sfohbfflected to the
generally shown at "S", "P" and "PG' in FIG,_ 18, The
seleq@edcentrobmodntiu# @8, 5008 piplecionmegide é@ﬁﬁ@&%-éaetﬂ}her Can be
swi tch nodul es 405-1, 405-2, 405-4 and 405-5 to the
useddUF BRe @E RS aiviitls mitfesaBitl faily eanther peotestien glodule 520 can
nmodul es 408A and 408B. Wen probl ens are detected

be u‘é’b{i.h e Hndrbeif Ganbxamproswltels rédules 5d0el dfandhel0-2B both
pul'se generators 404, switch nodules 405 can be

i, By Bt s, 20 SR L W88 AIRNALGIesAN® both batteries

100] The power distribution

syste 4 includes the plurality of batteries 450
450'&@%%3‘ h nodul es 510. The batteries 450 are each

e od S e gor gy gesd ics 4Ba) e ShiShy Bl Pt Yt fowing
through the switch modules 510 and/or protection modules 520 to determine
when to selectively connect and/or disconnect batteries 450. The control
modules 408 may also selectively limit current flowing from the batteries 450
using the protection modules 450, possibly in a manner similar to that described
above with respect to FIGs 16A-16C.

[00103] In another implementation, each battery 450 may have a
measurement module (not shown) that measures current and/or voltage of the
respective battery 450. This information may be transmitted to the control
modules 408. Each battery 450 may additionally have an associated protection

module (individual versions of the protection modules 520) to individually limit its
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1A, 51Q-2A, ..., and 510-KA. Additionally, the
batteries 450 are each selectively connected to the
second protection nodul e 520B by respective switch
qﬁdules 510-113, 510-213, ..., and 510-KB. [00101]

e protection nodul es 520 praovide wer to,the
currephcinekeontralyBeaWes 0B Hok s dBHtam SPPREEIB T AbUatesos
520 are connected to the selected control nodule 408,

proceskirgmeopeasabdscdhedwatiole. 520 fails, the other can be
used. If one of the switch nodules 510 fails, the
,Ogdjl@foqr OREfrfig Nt &1620 19AR1 9D eexmradlary uedtrdanir syitch
i f for "exanple switch nodul es 510-1A and 510-213 both

mod8 '510P Aty RiY 8¢ Qe BbHkES 2PICanOAe thes eddbiadarit] switoh
access'to both batteries 450-1 and 450-2. [00102] The

ontrol I ' '
e b L i A i
protection 0,to det i ne. -
conniﬁnegcmiat%ue?f‘ﬁa%géfia@énm%re@iﬁ’@ﬁh%@&%ﬁ%@@gg glydes an
e contro o 408 I [ i mi
F bycrareay of PBiFhgneTgRs (R0, BRATerh 85048 GhreyETag e iEsater than
protecti on nodul es 450, possibly in a manner siml ar
one.t Bot &xamplies Erarse® mapdodh wietenuabipéctl heo™ ﬁM@@herQ\d@es 560-

6C. [00103] in another inplenentation, each battery

1-x, 466-20Ry. . hayRl B60-FeaKe eornécteddnlseriesavithsboergnatiert This is
measures current and/or voltage of the respective

true *P(ﬂléﬁ‘éﬁ’x‘*ﬁﬁn 1T & 1 Thergeaddto of Pagwiich Maiues aredohrected in
the contro nodul es 408. Each battery 450 nay

parafidCylt 2Rk SpHPY AL oRERCIRhFRAREPRILAG aRbHE In FIG.

(rndin I'sions o rotection nodul es 52
19C0b $iah @ndquet-bidi &5 spaitindl iy RRGUFENBLGIpETIRE Shuiren
modules 510”. While specific examples of the switch modules are shown, the
switch modules may include one or more switches connected in any suitable
configuration.

[00105] Referring now to FIGs. 20 and 21, a medical device such as a
pacemaker system 600 is shown. The pacemaker system 600, which is fully
redundant, includes batteries 602-1, 602-2, ..., and 602-C (collectively batteries
602), pulse generators 604-1, 604-2, ..., and 604-D (collectively, pulse
generators 604), control modules 608-1, 608-2, ..., and 608-E (collectively,

control modules 608), switch modules 610-1, 610-2, ..., and 610-F, and one or

more leads 612 connected to a patient's heart 614.
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processi ng node as descri bed above. [00104] Referring
now to FI Gs. 19A-19C, exenplary redundant sw tch
nodul es 510, 510" and 510" are shown. In FIG 19A, the
redundant switch nodule 510 includes first and second
switch nmodules 511 -1 and 511-2 that are connected in
SqODEG6) | WiHdrCond 81 the bhtteriexicoRifails, snpthen ofirubatiesing 602
includes an F by G array of swi tch nodul es 560, where
88 isirt SWRES NBRAES610 hamheonae dfdne eubsepyanerators
can tg%gagn%ay botrﬂj be equal to 2. The F switch nodul es
604 §00ntlot faodiHs 8o taits.-anchit STifle Eolftralaosaies G0Bezhd/ar pulse

S one anot isis true for each x from
lto The G sets of, F switc ctaghitional
centchs Boa B 3 S Puhi, BB asfes tec mtitons

increases reliabilit n FIG, .19C, N.sw € .
lovels 5 raAndand i beAdes naiBo Aol MK Gy & 815K 610
nodul es 510". While specific exanples of the switch
2, .. Teehdl 840-Gr &s shawn jin Fﬁg- 2%wit ch nodul es may incl ude one
or nore swtches connected in any suitable
CO[U01@T] atADRan 69 bpbledreted; therguntiertef ¢t modeea. pulse
21, a nedical device such as a pacenmaker system 600
genbiBiS0WAiteTiBS ARG nodullernshbe vaileh dependinigy upon the
redundant, includes batteries 602-1, 602-2, ..., and

partg:gfﬁ-r%p%ggéﬁc%ﬁt ively batteries 602), pulse generators

and 604-D (coll ectively, pulse

ge r 4)...conpt I 085 JdrinB88n2. ti ith
A IOBIEWRYE] st ROt o B, Be" UerlyioRdCgiconnestion, wi
nodul es 610-1, 610-2, ..., and 61Q.F,. .
parlcotRIsoREPISsinecEd (05 Hidabpun o SrRaafe it Sl B Be so
[00106] Wien one of the batteries 602 fails, l:é\lwocli her ...
limitel sihee losharemodiications will become apparent to the skilled practitioner

upon a study of the drawings, the specification and the following claims.
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can be connected using swtch nodul es 610. \Wen one of
the pul se generators 604 or control nodul es 608
fails, another of the control nodul es 608 and/or pul se
generators 604 can be connected using the switch
nodul es 610. Additional |evels of redundancy can be
added using additional swtch nodules 610-1, 610- 2,

., and 610-G as shown in FIG 21. [00107] As can be
appreci ated, the nunber of control nodul es, pulse
gener at orgLAMMSt eri es and swi tch nodul e can be varied
dependi ng upon the particular application. [00108]
While this invention has been described in connection
Wi th partinedicalrdeyicgspndEisiiger eof, the true scope of
the invention should not be so limted si nce ot her . .
modi fi catpl pulse wehdratoscthat selpyiviebhgenetate prlsek oy Egpsmission to 2
practitioner upon a study of the draw ngs, the

paﬁg}gci fication and the following clains. 33 CLAIMS 1. A
medi cal device conprising: P pulse generators that
sel ect | ve] yo iR AR ol em dopiprisIrgé phericon L0 a
patient; power distribution system conprising N
batteries; M tr . I MBded: &@ntrol
sai d pul il\éscgnéﬁlgm E&@ﬁ@%ﬁé&%&?ggo@ﬁgﬁﬁ gel?{gcﬁ vely
connect a sel ected, one, of sai. : ulse
| east a SlelSWHFRUR esotpatssgf?eg hﬂflgact% e?cl?gs%%gﬁég a%&r&- s P p
sel ected one of said Mcontrol nodules, .wherejnR.:.
gelNexatats, Lat dqagt 3 splesird Queisgiddy %?‘F‘-l Sotfd 2351 e%dtreoq{r?;b cf isglg Im{ control
device of Caim1l wherein said M control nodul es
mbdled, awvherein P, M, N and L are integers greater than one.

2. The medical device of Claim 1 wherein said M control modules monitor

current supplied by said N batteries and selectively controls said L switch modules based

thereon.

3. Tﬁe medical device of Claim 1 further comprising N protection modules

that selectively vary current provided by said at least said selected one of said N batteries.

4. The medical device of Claim 3 further comprising N protection modules

that selectively limit current provided by gaid at least said selected one of said N

batteries.
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current supplied by said N batteries and sel ectively
controls said L swtch nodul es based thereon. 3. The
nmedi cal device of Claiml1 further conprising N
protection nodules that selectively vary current
provi ded by said at | east said selected one of said N
batteries. 4. The nedical device of Caim3 further
conprising N protection nodules that selectively
limt current provided by said at |east said sel ected

one of said N batteries. 34 5. The, nedical vi ce, of .
O aim 1 e rmopcica dledio QIuFIBER TryAFIRS ik dr GHGCH pggges include
swi tch nodul es that selectively connect said N

firhadviiechi wediles shat seteotivaly ¢ennast said ¥ diitesod txh GeFynpR&ode and
that selectively connect said common node to said P

seddAlSEvitdE RdaleD thatasdecmiely bbrmeot soll coptudegiods, toTyeed P pulse
medi cal device of daim1 wherein said nedi cal device

QIRE SESsafl MARREERKeHuEY St em and sai d pul ses incl ude
ge ear% pacﬁng pul ses. 7. The nedi cal device of Claim®6

further conprising: |leads; and third switch nodul es
that selectively connect said selected one of said P

pul's grenn@{e\?ﬁqgﬁﬁig?ltc%v c%ioq' (lr‘lgl?rgﬁ'w reih Kaid BEhR! ddR Snprises a

of Crai n each of said protection nodul es
conprise a current [imtj nodul e. 9.. The nedi ca
pagempless syftergiagg ﬁﬁ“g I\‘zdf@? ’éﬁcl‘r‘qg QFHQ RAFIRERYIST) i t i ng
nodul es conprise X transistors that are connected in
parallel, where X is an integer greater than one, and

wherein control termnals of said X transistors
comni caTke midihalatevice @£ Claymed fyfther comprising:

leads; and
third switch modules that selectively connect said selected one of said P

pulse generators to said leads.

8. The medical device of Claim 3 wherein each of said N protection modules

comprise a current limiting module.

9. The medical device of Claim 8 wherein said current limiting modules
comprise X transistors that are connected in parallel, where X is an integer greater than
one, and wherein control terminals of said X transistors communicate with at least one of

said M control modules.
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said Mcontrol nodules. 35 10. The nedi cal device of
Claim8 wherein said current limting nodul e
conprises: a resistance elenent; and a switch nodul e
that is connected in parallel with said resistance
elenment and that is selectively controlled by said
control nodule. 11. The nedi cal device of Caim10
wherein said resistance el ement conprises a variable

r es@t _ang?f1 e %gmt dERE Whenghd 8SwherelfnBiid odurrent Udngting module
selectively “'varies a resistance of said variable

resi stance elenent. 12. A nedical device conprising: a
COPPIIEE: generat or that sel ectively generates pul ses; a

control nodul e th(i\t Srﬁ-l ot ively controls said pul ses;

and a poREPSIIPE T BUTI b system that supplies power to

id di cal devi . that ' oy ‘
\?\ﬂ Ier enﬁ :ags%g;ph?r\é{) %%{]ag ll%%&ngllcctgﬁ grﬁ{a%rﬁlza w1gf1 g%}%étﬁﬁze element

node; and N protection npdul es that, communi cate with
ané diatl iscelectivgly wonfigpléed bx&a&%c%ﬂo}awa\}@ y connect a
respective one of said N batteries to said conmon node
based on control signals fromsaid control nodul e and
that nonitor current provided by said respective one
of sagid Nihathetitesdeviberd Clam dOocovieran padufesistance element
generates said respective control signals based U{Jon ,
coftirle€ Ul VoMAble resistance element and wherein said control module selectively

varies a resistance of said variable resistance element.

12. A medical device comprising;
a pulse generator that selectively generates pulses;
a control module that selectively controls said pulses; and
a power distribution system that supplies power to said medical device and
that comprises:
N batteries, where N is an integer greater than one;
a common node; and
N protection modules that communicate with said control module,
that selectively connect a respective one of said N batteries to said common node based
on control signals from said control module and that monitor current provided by said

respective one of said N batteries;

wherein said control module generates said respective control signals

based upon said current.
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36 13. The nedi cal device of Claim 12 further
conprising first swtch nodules that selectively
connect said common node to said pul se generator and
said control nodule. 14. The nedical device of C aim
12 wherein said nedical device conprises a paceneker
system and sai d pul ses include heart pacing pul ses.

15. The nedi cal device of Caim 12 wherein said

control nodul e conprises M control nodules and said
medi cal device further conprises first swﬁt%h nnduﬂesd 1
t hati3. selThemedida) devemeictlamn 42 Sfrthes cOmBHBR {IFg sWich modules
nodul es to said pul se generator, where Mis an

thak BA18ARE\IER@tETsaidammerenodeGo saitl @ulse geraaprtorand gid entrol
G aim 15 wherein said first switch nodul es al so

mo%%iegctively connect said one of said Mcontrol nodul es
to one of said N protection nodules. 17. The nedi cal
device of Claim 15 wherein said pul se generator
conprises P pul se generators and sai d nedi cal device

further rise 116 R A H s £8 rhdidal device comprises a

sel éctivgﬁgp%gﬁﬁ%ggﬁggggg%g? P puISse generators to

said one of said Mcontrol dul es re Pis an
pacemelgs SYGeB and said py e%%ﬁld%ggﬁgl?a%?ep‘ﬁ% i cal device of

Claim17 further conprising: leads; and third switch

nodul es that selectively connect said one of said P

pul se generators to said |eads. 19. The nedj cal o5 M
devir® of TiE midicdi3lewive 06 Chaimni Whersin saig soafohpatiyle gomprises

control modules and said medical device further comprises first switch modules that

selectively connect one of said M control modules to said pulse generator, where M is an

integer greater than one.

16. The medical device of Claim 15 wherein said first switch modules also

selectively connect said one of said M control modules to one of said N protection

modules.

17.  The medical device of Claim 15 wherein said pulse generator comprises P
pulse generators and said medical device further comprises second switch modules that

selectively connect one of said P pulse generators to said one of said M control modules,

where P is an integer greater than one.
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conpri se redundant switch nodul es. 20. The nedica
device of Claim 12 wherein each of said N protection
nodul es conprises a current limting nodule. 21. The
medi cal device of Claim9 wherein said current
limting nodule conprises X transistors that are
connected in parallel, where X is an integer greater
than one, and wherein control termnals of said X
transi stors comuni cate with said control nodule. 22.
The nedical device of O aim20 wherein said current

| i M8 ngThodhedisabdewed efdslainy 17 Suther SoRBROEPEnent ; and a
switch that is connected in parallel with said

resi st anggadglaadent and that is selectively controlled
by said control nodule. 38 23. The nedi cal device of

d ai m 22 yheegikdh moddled B8i Slanoeyebrmensaid onepf saébB palse
vari abl e resi stance el enent and wherein said control

nodul e sel i.vely varies a resistance of said
ngE%Pgﬁpé%Fgg%%tance el ement. 39

19. The medical device of Claim 13 wherein the first switch modules

comprise redundant switch modules.

70.  The medical device of Claim 12 wherein each of said N protection

modules comprises a current limiting module.

21.  The medical device of Claim 9 wherein said current limiting module
comprises X transistors that are connected in parallel, where X is an integer greater than

one, and wherein control terminals of said X transistors communicate with said control

module.

22, The medical device of Claim 20 wherein said current limiting module
comprises:
a resistance element; and

a switch that is connected in parallel with said resistance element and that

is selectively controlled by said control module.
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23.  The medical device of Claim 22 wherein said resistance element
comprises a variable resistance element and wherein said control module selectively

varies a resistance of said variable resistance element.
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