BATTERY POWER DISTRIBUTION SYSTEM FOR A MEDICAL DEVICE
CROSS-REFERENCE TO RELATED APPLICATIONS [0001] This
application is a continuation in part of U.S. Patent Application Serial No.
11/216,843, filed on August 31, 2005 and claims the benefit of U.S.
ProaaionaRAPROMEEGINST REGSICN S Yided mrrdryA3l 2003 a iRV g E
Provisional Application No. 60/708,903, filed on August 17, 2005. The
disclosures of the above applications are incorporated herein by
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invention relates to medical devices, and more particularly to power
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on demand. In other words, the pacemaker system stands by until a
natural rate of the upper and lower heart 1 falls below a predetermined
rate. When this situation occurs, the pacemaker system sends out pacing

impulses to ensure that ﬁ%bgagr_cqnl_}@mw%ps

[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



blood. [0005] The battery, controller, and pulse generator may be

packaged in a sealed housing. The leads typically extend from the sealed

housing and have ends that are connected within chambers of the

patient's heart. The leads are also typically employed to carry feedback
falsigalsiranyiaadeatitsinadbe {rrdhackisianals, the controller is able
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component of the pacemaker system. The housing an(? or other
bloe@mponent is typically removed and the battery is replaced when the

stored energy in the battery falls below a threshold. As can be
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surgery. [0006] The leads typically include insulated wires that exte
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chamber or chambers. The pacemaker system monitors the heart b
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for the controller to decide when pulses are required. [0007] Pacemaker
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chamber pacemaker system usually employs a single lead to carry
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connected to the right atrium or the right ventricle. This type of pacemaker
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out signals
other component is typically removed and the battery is replaced when the stored
energy in the battery falls below a threshold. As can be appreciated, replacing
the battery requires a patient to undergo additional surgery.

[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 pécemaker is



too slowly but whose electrical pathway to the lower heart is in good
condition. [0008] A dual chamber pacemaker usually includes two leads.
One lead is located in the right atrium and another lead is located in the
right ventricle. This type of pacemaker system can monitor and deliver
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Adaptive rate pacemakers may a apﬁve rate pacemakers
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flow. By monitoring this information, the pacemaker increase and/or
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increase sufficiently for an increased level of activity. SUMMARY
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selectively generates pulses. A control module selectively controls
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The power distribution system includes N batteries, where N is an integer
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communicate with the control module. The N protection modules

parsslectivatyptetanebickespective one of the N batteries to the common
node based on control signals from the control module and monitor 3
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module generates the respective control signals based upon the current.
pacemakers typically include additional sensors that monitor the body’'s need for
blood flow. By monitoring this information, the pacemaker can increase and/or

decrease the pace to correct for when the heart's natural rate does not increase

sufficiently for an increased level of activity.

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



[0011] In other features, the medical device further comprises first switch
modules that selectively connect 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 module
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pulse generators and the medical device further comprises second switc
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of the M control modules, where P is an integer greater than o
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selectively connect the one of the P pulse generators to the leads.
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modules. Each of the N protection modules comprises a current limiting
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connected in parallel, where X is an integer greater than one, and
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control module. The current limiting module comprises a resistance
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element and that is selectively controlled by the control module. The
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control module selectively varies a resistance of the variable resistance
generator comprises P pulse generators and the medical device further
comprises second switch modules that selectively connect one of the P pulse
generators to the one of the M control modules, where P is an integer greater
than one. The medical device further comprises leads and third switch modules
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



element. [0013] A medical device comprises pulse generating means for
selectively generating pulses. The medical device comprises control
means for selectively controlling the pulses and power distribution means.
The power distribution means comprises N charge storing means for

the AhYRENGIHTRBEL sWBEG N, IS, 8Nd0teYSTAFERRELNAR A0S AR M sistance

node, and N protection means for selectively connecting a respective one
ele@ktite N charge storing means to the common node based on respective
control signals from the control means and for monitoring current flowing
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means selectively generates the respective control signals based upon
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features, the medical device further comprises first switching means for
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control module. The medical device comprises a pacemaker system and
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control means for adjusting pulses and the medical device further
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control means to the pulse generating means, where M is an integer
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one of the M control means to one of the N protection means. The pulse
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device further comprises second switching means for selectively
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means. The control means selectively generates the respective control signals

based upon the current flowing through the N charge storing means.

[0014] In other features, the medical device further comprises first
switching means for selectively connecting the common node to the pulse
generator and the control module. The medical device comptises a pacemaker
system and the pulses include heart pacing pulses. The control means
comprises M control means for adjusting pulses 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 further comprises

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



means to the one of the M control means, where P is an integer greater
than one. The medical device further comprises leads and third switching
means for selectively connecting one of the P pulse generating means to
the leads. [0015] In other features, each of the N protection means
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limiting means comprises X transistors that are connecte ara
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the X transistors communicate with the control means. The curre
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switch means for switching that is connected in parallel with the
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The resistance means comprises variable resistance means for providing
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resistance of the variable resistance means. [0016] A method for
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current flowing through the plurality of batteries. [0017] In other features,
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the M control modules to-the pulse generator, where M is an integer
meggater [he resistance means comprises variable resistance means for
providing a variable resistance and wherein the control means selectively varies
a resistance of the variable resistance means.

[0016] A method for operating a medical device comprises selectively
generating pulses using a pulse generator, controiling 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



6 than one. The pulse generator includes P pulse generators and the
method further comprises selectively connecting one of the P pulse
generators to one of the M control modules, where P is an integer greater
than one. The one of the P pulse generators is selectively connected to
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plurality of batteries IS selectively adjusted to adjust current provided

furttherelsam LS e MediFALIRUES P TIRLISES R RYISE g 1?%%%%%%&5 Yo one of

selectively generate pulses for transmission to a patient.
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selected one of the M control modules, wherein P, M, N and L are
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monitors current supplied by the N batteries and selectively controls the L
adjgaltchimadiutetschased theeged INaregiegion modules selectively vary
current provided by the at least the selected one of the N batteries. N
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selected one of the N batteries. The L switch modules include first switch
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second switch modules that selectively connect the common node to the
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the medical device comprises a pacemaker system and the pulses
switaBludechdest giemiy plylsesiriBe medieatetbvine BitihRY 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.

[0019] In other features, the contrQI module monitors current supplied
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 pulses. The medical device further

comprises leads and third switch modules that selectively connect the selected



comprises leads and third switch modules that selectively connect the
selected 7 one of the P pulse generators to the leads. Each of the N
protection modules comprise a current limiting module, The current
limiting modules comprise X transistors that are connected in parallel,
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medical device comprises P pulse generating means for selective
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system comprising N current storing means for storing current, M contro
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of the M control means, wherein P, M, N and L are integers greater than
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means for selectively varying current provided by the at least the selected
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selectively generating pulses for transmission to a patient, a power distribution
system comprising N current storing means for storing current, M control means
for selectively controlling the pulses, and L switch means that selectively connect
a selected one of the P pulse generating means, at least a selected one of the N
current storing means, and a selected one of the M control means, wherein P, M,
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



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 8 selectively connecting the N current storing means to
a common node and second switch means for selectively connecting the

: n e Ise nerating means and the M control means.
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the N protection means comprise a current limiting means or limiting
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connected in parallel, where X is an integer greater than "one,
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one of the M control means. The current limiting means comprise

the reslistene®rweans dap pavidinshasistanreand sviich means that is

connected in parallel with the resistance means and that IS selectively

contibaliz3] by hesipirgbmeas. cHad I8BIfIRNKE MSRNTIGHTILSSS Bomprise a

variable resistance element and the control means selectively varies a
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operating a medical device comprises selectively generating pulses for
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using N batteries, selectively controlling the pulse using M control
Onemanitilesicaaih selettbiebreonaectinga selastetkana ebimBmEss with at least

generators, at least a selected one of the N batteries, and a selected one
oneppthibe M control means. The current limiting means comprises resistance
means for providing resistance and switch means that is connected in parallel
with the resistance means and that is selectively controlled by the control means.
The resistance means 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.



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. 9 The
current provided by the at least the selected one of the N batteries is
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heart pacing pulses. The selected one of the P pulse generators is
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present invention will become apparent from the detailed description
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and specific examples, while indicating the preferred embodiment of the
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intended to limit the scope of the invention. BRIEF DESCRIPTION OF

on€TbEHRRANINESSS2T0ENe pepsenidryentinB il hegeme more fully
understood from the detailed description and the accompanying
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functional block diagram of a plurality of batteries

understood that the detailed description and specific examples, while indicating

the preferred embodiment of the invention, are intended for purposes of

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

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The presént 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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connected in series according to the prior art; [0030] FIG. 1Cis a
functional block diagram of a laptop computer including a DC/DC
converter and a battery pack according to the prior art; 10 [0031] FIG. 2A
is a schematic diagram of a parallel battery arrangement for a battery

packoasd laptepEomputesloads aeearding QA8 AeSERt IAVeplitlier pattery

[0032] FIG. 2B is a schematic diagram of a parallel battery arrangement

arrdogeemtral processite: HNibLeR LAnMeaesy ARLICR RERCERIBFIHE b the

(GPU) loads according to one implementation of the present invention;
pref@ORIMFEGIGBA is a functional block diagram of a parallel battery
arrangement including battery terminals that are connected in parallel

acciiaBg] to HiEprexentiinventionh{PRadd FiGagR ustiates the bateryattery
of FIG. 3A with a short circuit detecting module; [0035] FIG. 3C is a

arrsfagetioprall olock ey ramcetaingratiel (@iteny rerrReemeatdRaIiabrocessing
_battery terminals that are connected in parallel and DC/DC converters
uniti¢éeBtdingadsthe pretienttmvertionp (OORG]£HGn IPtiusiratesmthavention:
arrangement of battery packs having different dimensions in a mobile
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parallel battery arrangement incorporating terminal connecting
arraiRinedrioh dingotratbnatdrmoualding tatbecpreserteimventionllel according

to the present invention;

[0034] FIG. 3B illustrates the battery of FIG. 3A with a short circuit
detecting 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 paycks 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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[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;
11 [0039] FIG. 5A is a functional block diagram of a parallel battery

arrgogasient ACSrporatisg shimiam matabriiftengss tarareyng and AAWebatiery

planes on a motherboard according to the present invention; [0040] FIG.

arndR seehinctonad kidak diagrany ohetpRAIR Ralely AHaRINEBower planes
incorporating shorting metal stiffeners to ground and power planes on a

on mothiérbdaradrd DG totrvepersascerdingda the present invention;
[0041] FIG. 6 is a functional block diagram of a parallel battery

arrdAgéfient & incRidies a REIRICreANVROET albl e PoPLYMRNEl battery
according to the present invention; [0042] FIG. 7 is a functional block
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converter and step-up converter according to the present invention;
on 0098) FIigdsaduneibiarblock disg rroctimgacatied basiesyit invention:
arrakaaement that includes a DC/DC converter and a step-up converter
acddietiy to HE présdat mvemision@044pEIG diirarfunsiicnab ekl battery
diagram of a parallel battery arrangement that includes peripheral devices
arf%@@fgﬁf@f)mwﬁé@[@MWmnye@aandmmmommmmmmming
parallel battery arrangement that includes single and two-stage
to themrerert invesiing to the
[0042] FIG. 7 is a functional block diagram of a parallel battery
arrangement that includes a DC/DC converter and 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 parallel battery

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

present invention;
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present invention; [0046] FIG. 11 is a functional block diagram of a parallel
battery arrangement that includes single and two-stage converters
according to the present invention; 12 [0047] FIG. 12 is a functional block
diagram of a parallel battery arrangement that includes single and

tWOpSERGR ConVRtersaGeOrdinghiQ;he, PIgSeRt ifugRtion ;49%4%5 Hﬁ’ie%%?ttery

a functional block diagram of an exemplary mobile™ computing device wit

arrdngds {AR40LT | Gldidlystintas curtentRiiigsda misnaiehed RatsEsy 1o the

according to the prior art; [0050] FIG. 15 is a functional block diagram of a
presaobileveamipniing device including a distributed power source and current
sense and protection modules according to the present invention; [0051]

FIG0Da8]s afr exernplagy=eleeiiinsh schrsortigi g mayIEeinPEISH IR Y mobile
module; [0052] FIG. 16B is an exemplary electrical schematic of another

conmuuterg groiesetinthriwdide; [0053] FIG. 16C is an exemplary electrical
schematic of an active current protection module; [0054] FIG. 17 is a

fun{BiBAa] bloék @iagramilofsirpayser dletivary system iformerisaliiayiceatteries
such as a pacemaker system;
according to the prior art;

[0050] FIG. 15 is a functional block diagram of a mobile computing
device including a distributed power source and current sense and protection
modules according to the present invention:

[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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[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; 13 [0057] FIG. 20 is a functional block diagram of an alternate

poweu Higliverysystem;for.a medisabdevicex %%é?&é@ld%'%’n Zéﬁgrﬁate power

functional block diagram of an alternate power delivery system for a

delmediegbdavice: PREMLERIBFSCRIRTION OF THE PREFERRED
EMBODIMENTS [0059] The following description of the preferred

emipoolBpntsAsGMerelysexe Bk ia INBIYER afddsdRnaway ntendst:ioower
limit the invention, its application, or uses. For purposes of clarity, the

delisamesieterarfoe aunsiss will\hes 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), an electronic circuit, a
processor (shared, dedicated, or group) and memory that execute one or

mofeFshitale DEBORHEE|QNOCETEHE CORIIMEEENEI00iR orswitE AAdor
other suitable components that provide the described functionality. While

the [9@82ht inVertidollwillihg desscityeton conjunstionamhdaptembodiments is
computers and/or laptop loads, the present invention applies to any

mefplybfisaiitptarycnaiting devide andorwagbiteaodeputingeeviee IPREMSH, its
used herein, the term mobile computing device refers to digital devices
appliatingiueieustisastameuiptegmisttintyit hrdshatarefeapakierofihiess will be

powered by a mobile power
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),
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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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. 14 [0060] Referring now to FIGS. 1A, 113, and IC, a mobile

computioy deviseARR9THING t8 thegxio &Ft’w%{cgﬁi ;} ggpg’n%]%?{i)\“ep“é%npuﬁng

10, includes one or more loads 12, such as laptop atter

dewnashdsdhm pawers thadeads danThe hatlgry packdirlides batigtes e or

that are connected in series, The battery pack 14 functions as a

morefdtalized enegasHmefob e |apteR 19ade L%k other WU GRelR8he 10ads

battery pack 14 provides current and voltage to the laptop loads 12

12. thidughgoaguptask 16 andiodds Hamerridhe Soadeciorm 46194 18 makde The

connected to a reference potential such as ground. In FIG. 1B, the battery

batipaglpadlintludeshatteries20cht 24 eABRROsS LU estivelybatieniess 12,

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

In wheventions| tasterytpagkp designspitbei fadiesiase?l ariconnRmietithe laptop
series to increase voltage and decrease current. [0061] The laptop 10

loagsaldribiudigla XDDCcosvidten@RasShaveinf file.HadibR RGBS 18 may
converter 22 communicates with the battery pack 14 via conductors 24

be apdrnsrced Thealapfepsioadpbatinirsunicate withute DG/BG. copyvertehattery
22 via conductors 28 and/or 30. One or more of the conductors may be

packotthérebtits drsferarma (pdtettial suchras Wodrdolrdiseapagsitée 20) that
DC/DC converter 22 receives a first voltage level from the battery pack 14

are gennegiedtsassessh dvuiragk leveatthetaptop lhadsdZeftmexammey pack
the battery
designs, the batteries 20 are connected in series to increase voltage and

decrease current.

[0061]  The laptop 10 may include a DC/DC converter 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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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

desefiibeal hdwOnvRySienraiRids rdhsiescriad aprve ré?éﬁl‘v&ﬁ’/”ﬁfgﬁ;% nversion

ratios tend to have relatively high conversion loss. Increasing attery

losshankcveliane; drereases LpsEay, I9esRssReialed wWith, Hatarite distrbution i

resistance at the expense of increasing loss due to conversion

pariwtiticienaybl00s? 1rBairsire naw tad1G@xgén sPAWeRgiERRIONSEMe 1o
40 for a mobile computing device according to the present invention

conirmisidesioacenuyre distributed load centers 42-1, 42-2,..., and 42-M,
(referred to collectively as load centers or loads 42). Each of the load

cerlR9$2p indRedes bigerowmore |cadsA Qne ek arREISURINEd DRWELO for a
sources such as batteries 44-1, 44-2,..., and 44- M, (referred to

molgidlectivplytiag bistttrie s dbrdivgcontecied bz paralighvyihitheudeadsri2o tmore
_ other words, battery 44-1 is directly connected, and provides power, to
distrieiledd ot Icaftiebatiery, 42-2 s diteatlylconngeits endeNidesBOWES load

to the load 42-2. The battery 44-M provides power to the load 42-M. The
cenfgsgl afdnrds 42 aly dctludemeultiptt tmadsrdndsthecwdsdsothe srumbes ofads.

batteries 44 and loads 42 need not be equal. [00631 The parallel
Ongiitribateddistehytedeprwe thebatsios dd advestapimserdol bagligtributady 44-

to the loads in an optimal manner. For example, typical laptop computer
M, geheyenie ipeliegdvebtssushitasisemidonatectosinadsanih parallel with 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 42-2. The battery 44-M provides power to the load 42-M. The load
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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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 1 C) receive power from a single, centrally-located battery

paCﬁ)éé,a,}G (W]ﬁgh@rﬂuF@Jif@%ﬁ@%@%gfl%pﬁ% r%%g;gg l?r%balanced.

imbalanced. For example, the load 42-1 may require more current than

Forth&doagd21Re TBaRraYeNt HAGVRILBRWELEPOSYMBHONA LS BRWRSad 42-2. To

distribution system 40 in one “implementation includes one or more

prel@IMinglSAMNeCienSs dshanthhdohhenieTpanal cornastions 48 aRdA8dMRY one

be any suitable conductive material that shorts the first terminals and the

impsesiidesminaabthe iRadecemnisrs 42randir batiergs i . 46shaativigly: The

In other words, the first terminal of the first battery is connected to the first

terrtenaineds oéaibas bestesies ipthaatery pack. fusimilas napeiRachsteaad that
for the second terminals. For example, the terminal connections 46 and

shots ey finstudembisfiarendotindesoiod ceRduEiveowiFrRanai@canesas 42 and/or
stiffeners connected to printed circuit board (PCB), power traces/planes

bat(@TeR K-andéepgrovald tracestangsrdsT iRy POOR-RefeIrvotneviis Histery is
213, an exemplary power distribution system 50 includes a central

conpreciessitgthaifit€Pidirvad S 2f aothembuttiaass 54, ttad atgsaphiask. A similar
processing unit (GPU) load 56. The CPU load 52, the memory load 54,

appandche GPUBkAAG6 ey avedifferentciakent reguirestenisiel hehe  terminal

terminal connections 46 and 48 allow the different loads to receive power
confnectiome4s arord Dty battedes 44k 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).

[0065] Referring now to FIG. 2B, an exemplary power 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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[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

corbritenRask KB el BfohotiesES BAPIYIdE PANSL, d@%i?a?'ﬁe‘sgé%g%"}’ga%’ § are

multiple corresponding 17 connections between the battery pac

rihedrafim62icERahaltaries®d ibed inf: 2A
CO and ZB)%‘vithi% the battery pack é%g%}ﬁ?ﬁﬁéﬂﬁ%g{g&egf B%Sc?%% is

shopo s1qatechmiiin henlapiaRe BRI, thRsestkiledln Wﬁgﬂgtﬁ@%ptop

appreciate that the battery pack 66 may be located externally to

cortapitsy GoMpiaes BRIIEITHaR he-12RI0R SoBBURY B MY IAHYAR A ck 66 may

plurality of battery packs 66 each including plural batteries connected in

be fuaratie] astdesaripes tbovetEOEXGIIRIe dhe [ARHPR EAMPIETED MY uter 60

include battery packs 66 that are physically located on opposite sides of

mathentdiptep sopiptdety6@[08kie The pawallebdishiution aHmRoemeat ehtteries
the loads 62 and the batteries 64 is advantageous to the manufacture of

conthedbadtényppasked tisAd batténe patiothat Mm@ﬁs@jnr@n@&d\@teéﬂg%r 60
typically includes a plurality of batteries that are connected in series. One

mayjimbreécobiiehaptedes GByhhaveapspdiahcrasy tharHpneiesides of the
batteries in the battery pack. In this arrangement, a smaller-capacity (i.e.

lapigpalamvéeedP may self-reverse charge when larger- capacity (i.e.

stronger) batteries are discharging. As a result, the smaller- capacity

batt§§68]dambuehataiebylidéthetisimgthenaeeralhcafamiy addbe 62 and the
batteries 64 is advantageous to the manufacture of the battery pack 66. A
battery pack that is connected in series with a load typically includes a plurality of
batteries that are connected in series. One or more of the batteries may 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 of the
battery pack. Each battery must be charged and discharged to determine actual
storage capacities and to avoid including batteries with nonequivalent capacities
within a battery pack.

[0069] The paralle! 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

18



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 parallel
distribution arrangement of the present invention eliminates

disMENARAGHANG Hie apd Gosts thakare ?ﬁgO%%t(‘?g wigh bﬁ;%ﬁ@ﬁggﬁ t%(ggry will

capacity. In a parallel battery pack arrangement, cuitent i

prodigibuisd frarhdig BAUANLPARloREG IdRAds 3, ARtronger battery il o

provide more current than a weaker battery e same ery pa

ned2ROAIE BB RISHIRIILY ALIEMEISS ShArING, ING, WeAKEY, HEIY-AS & esult, the

result, the overall battery pack lifetime will increase and the’maximum

ovesapasiidr; tha hatigeyprck/ap iiﬁdﬂésgé“Q%foﬁ&ti}ﬁé\kirﬁﬂﬁwe’&%@%%%%? the

or more of the batteries 64 may be discharged to a minimum vo

battpecifieatian osfully exnieidherergray,of the patiery pack anpd SPVRISE of the

J

charging will not occur. Similarly, the parallel distribution arrangemen

batpantsides inarepsedsetiakidy - WVhemaReeh thethatieries B4 NERENRIRVE ploit

time, the stronger battery is able to supplement or replace the energy

the autpigyob thirsveatkerbpiierya Tesetoss BiRaayRIgwapPREIDELL NS RALETY, the
pack 66 is not significantly reduced. [0070] Referring now to FIG. 3B, the

parbiitetispinkicn mayigeoreeraiecyi GO ThereHE e RinaiR OdWsHY Shat of the
isolates the batteries 64 when a short circuit condition is present. In other

battwteds fthevelatwt i aovedetieniinthenethdledst manigrsgheohatsryRatkient or

determine if the terminals of a battery are shorted and/or if the first
repkeemihal eherggtterypistsifotediodker seeane) termispeiangiBefverall capacity
of the battery pack 66 is not significantly reduced.

[0070] Referring now to FIG. 3B, 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 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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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

conp&(a@ 98%%@8%@%f%@¥e%ﬂ$gh

igher of the batteries 64 o
ower voltages suitable for the 102dS é@‘?%ﬁ‘g@ﬁo&‘d&%%?%ﬁeﬁaw less

tha@iétEJQUHBHVQFE?&Q%%mIRfo}[%Hpﬁgge%%!ﬁ%%n%ot%gecgﬁé%ﬁé%‘éﬁgqs less

of the DC/DC 19 converters 70 is reduced. For example,

tha&@?\@ﬁ%fstz%m?&Haé{ﬁdﬁﬁ%_:m.a@:ﬁr/eﬁjeﬁoé]é(gﬁs'bqqr{gt&?@}ﬁ@tg%\f{ters may

implementations, the conversion ratio Is less than or equal to

havand/Birfk e UENIRIeRAGH Pfihe Q\%/QGC@Q_WY%t%%EQﬁWem&\é% m‘e{ﬁggaptop

conversion ratio. As such, the overall efficiency of the laptop computer

compinepreved.ifffrigertain semiconductor loads of the laptop computer
60 may require higher operating frequencies. For example, at an

OpqUing) frequeRAHOEARREHIMASH 16 MBI Zo XIRMALRAS SN puter 60 may

. 9
components may be smaller and less expensive than comparable

reqERERRRINS PORAIGIudilomeEeque P BGHRS SoRvEHEr SNy e quency of

parallel distribution arrangement, the DC/DC converters 70 may operate

appetditiatent flequenciegioftad FRE8vENCRH M B{DGELOBUEERISILO PR less
operate at a higher frequency (i.e. between 1 MHz and 4 MHz). [0073]

expResersng aovetorfsiRk heniaeieertempdesfymaninside: fatsresat/DC

different sizes in a parallel arrangement to further take advantage of this
confeatars. For examplelismaitfobutiasteriappmeempHer DaYINaxvE ers 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).

[0073]  Referring now to FIG 3D, the laptop computer 60 may include
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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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

dimersions and/ar e, and an nth,.battery pack 66-N having an nch . .
e e R e e h e e audgluce

set of dimensions and/or s a

a Bgt"t@?yir BHH}@W&%%@/S{%E\ y@cﬂaﬁ)‘i}\he gr? tﬁ?r%’r%@?é’ k%i%sggl{%l g%sﬁ%%?}%; In still

more batteries. The ery packs 66 are conmecte

an&@nﬁﬁ&@ﬂ@ﬁtgﬂ%%ﬁgquﬁ%éﬁz}?%%ﬁge?%ve' a2 0 iL%LZa% ;%ﬁpﬁé%errmou nting

implementation, the laptop com may Include a

podiadiesy M%Bﬁ@ﬁ&%i{&?@w%ﬂé‘% Bkgh%eadgv%mtlea}(ri‘ Fgerb%tr’geary pack

implementation, the laptop compute may include multiple moun

plapesibens ?%@éﬁ§ﬁ@@@%p%%ﬁ¥@%mﬁxlgeﬂ%Blﬁtgg%erﬁyap oK side of

placement. For example, a first battefy p e mounted on'ato

thesisistob daeriapieparamyiesE0and Bsreondbatle .%%C%thﬁ on a bottom

mounted on a bottom side of the laptop computer 6 ternative

sidglufaliy RiJiGHIYPAGKS BRY hﬁ%%?,%%%ﬂt?@%%%‘é&% may be

computer 60 and/or at corners of the laptop computer 60.

mo Refedriaig mpwi@file Hr4NaRbRA SIRRIOR COMBHIEHP: BGHAES & th?hléaptop

motherboard 82. In this implementation, parallel connections between
corbatterred)(as described above) are incorporated on the motherboard 82.
For example, the terminal shorting connections may include connecting

confl@16fs 8RafuhBfgasshows IFIES. 4A. Alamaiively, ademanabuter 80
shorting connections
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
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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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 58, the
laptop computer 80 may include one or more DC/DC converters 70 as
described in previous implementations. [0076] Referring now to FIGS. 6,

sechridN® S 3dap eCﬁFEP}gS&D%FS%( gle;s\cﬂoéé?gggﬁr%s&ggéd%gug&% %ﬁi@ég The

converter 92 and a step-up emic

sec@ﬂépﬁgﬁdc@@%@};s @Sght'éavae E%?HKSW&Y%@Q‘%% ri%?g%jlrréear?eerm[?\'an t Orﬂrst

However, certain semiconductor devices ma require er voltages.

volBRmplRnthag eptop: GRmpUIeE, A, rB?gviiB(é“édBaat#r@ \l\%{?lt%geg %Q&}]@% éwli{/s less

second load 98. The first load 96 may require a

thad B sgecddeadif8may r&%ir@paa%%c%%Mme%mﬁ}éﬁ@%%ﬂs%@a. In

first voltage, such as by. If the batteries provide a battery voltage output

the thrddadesmolbaionyaaBd dieaiapinan IMestaD UBANGSIEBABN sts the voitage

converters may be used. In the present implementation, the step-up

of tRCHRGeeppYereEHb Roosia e (nliags 19f the balisryRagk 68 to a

voltage suitable for the second load 98. [0077] In another implementation,

the flapran com_npl@erpm@rmmypm@ﬂﬁaﬁaﬁ,pﬁm@orﬁaﬁ%whemhe%s:e%éwmay
(e.g., a hard disk drive (HDD) or a DVD drive) that have more than one

includitageseguitereepbapISORWAHVIEYS. 2R exampigdthgResinher@inn) or a

device 102 may require a first voltage of 5V for a mechanical element
DVBudhas ahaotentD4ndiee theripbesal 8ryige AUmamdRAYECASHFOMIFIG. 9.

lower voltage for another electronic element 106. In the present invention,

Forthe@igoieonie eiement i 6dmaydd aplent, oRefiaie 3 FiFdN98itage 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 at a range
of supply voitages. 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 opérate 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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of supply voltages. For example, the electronic element 106 may operate
on power from a single LiOn battery source or a supply voltage of by. In
conventional systems that operate at 5V in a series arrangement, the

electronic element 106, as well as the mechanical element 104, operate

congigggﬁg[lqcﬁzg lélr%\f\ée\é%ré %‘%\/%‘?g@%ﬁﬁl ;@%@%?&2 n& e?sl.fgg%ﬁ)”g atéti%\?, which

ution arrangemen

nedBENAL %G%P&nggﬁgﬁa}ggﬁgéﬁgé /%get(p?gg DC/DC converter

108 that provides 5V to the mec emen ?g\esftacond step-up

DClBg7apnvereris, E%Wi{c?@i@ét';gf?'fcfg‘fé‘r'éiﬁﬁ%?n”é&%?‘w' Ot erts a

words, the electronic element 106 is configu 0 operate at a lower

bat@HPYoveliRgaES yelhps |§}tev8¥t%8%%%§{gﬁ?§“‘%8 the b g,g_é’%a_q%c:/oc

additional step-up DC/DC converter. g now to

conddRRINP e 110 converts A battery yolageda aqé}{e%g]pe@yav%ﬂ%m-;on

according to a two-stage DC/DC  conversion process. In so

batiBHp|eMRBIRjio RS, fhaypsteny @a&i%%t%&%@&%ﬂ@%@@&%@&%?110

of batteries may be used. The laptop computer 110 includes a DC/D

inclogeyesterdA2caceiepsdrwn BCDGoongiierddhand A dereseR4nd a 1:n
DC/DC converter 116. The DC/DC converter 112 may be a step-down or

stepstep-DICAOUYeBaArageprding tothevoliage FervErmentoiig ipad L& down
The DC/DC converter 112 converts the voltage of a battery 120 as

or slepaitbedivaprerigssdrapigmenatiang Ja08Q ke saobasienyn B98st The

converter may be less desirable for certain high current applications. For
DCAxaMmplaydityoltage sfriherkatiesyidthge of a battery 120 as described in

previous implementations.

[0080] 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
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 requiremehts, 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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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

; I i It itable for the load 122. F I

n Evmplasgine R BRI ST e
t - ter 114.tq 5V, F igh .

oo R S g o R AR SR Wil o
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appreciate from the forégoing de tion t h eachings

dis@%ﬁﬁﬁiwwm%gﬂg,%%ﬁ%é? {%@gﬂy%%%@%ﬁg% A% of the

present invention may incorporate r known pack a

imSERRY: coRfiguatlens dy a Hargllel battery distribution. For example, a
power supply or battery pack may implement a parallel battery distribution

withjooazersal sefiatbis (dRBldeghaology according to %Bf% Somputing

implementations described herein. [0082] Referring now t6 FIG.

dewixenplary oRilisomRHiRG derice 2Nt agdsis shRe T8 IMARIS es -

computing device 200 includes a central processing unit (CPU) 204,

cerrampiy 286 (syChias (@RIgM 208 AEMRPNLIEARLARY MEMOREY/ L cess

other suitable electronic storage) and an input/output (I/O) interface 210.

mefiterdewesl 200 ynmefaher inelliste fIgsAPEIfE NIEOCRSSIRTh I EHPELY) and an
212. The mobile computing device 200 may include one or more
inpptdptaraldeyicessuch as@ DR divgcdl 200MiehyinglaslesiARR 95 YRaphics
processing unit (GPU) 212. The mobile computing device 200 may include one
or more peripheral devices such as a DVD drive 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 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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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

o 5 R0 e S 46y b oA A 244 5
neDSTBRIONR, A KEPYRRT HIIONS, HED Bad, SNAI ISR, o1d, defective

Component device may bé groupedin o oh

anﬁ@%&%@ﬂéeﬁgrggatggt%%.%préi%dﬂi V&anﬁmoagwnee %gcezéﬁgnbgegt e;r)%({)gﬁe% may be

[0083] Reterring'now to , current surge In mismatc ries

toodSAAMNY 19,1 pLior; gigﬁ)éy%ﬁrcgg%ra 0 includes a first battery

244 and a second battery atteries 244 and 248 are connected

n PRIBsal ancRak AP B8 MO 930S 2 ARCALRERRRIE AL, 300

the first battery 244 isa new and/or fully charged battery a € second,

inclDaBerya2483sisii ld. getsgvvgoa&%%f}ﬁ'yafﬁa%ﬁfjﬁsﬁtbegﬁ% Cé{%eggrotection
b hig e

flowing to the second battery 248 may be too and cause dama

moaORSrRIEsHdNRY 3606 d QORELR e TR BAW ﬁwglﬁe\%ée%@@tﬁ‘%gjﬁfs batteries

computing device 300 includes a distributed power source 302

304currenysgnseand prefention; medelaR arraringda Bemrasank e
The device 300 includes batteﬁjse% 304-18,}:304-2, BOfgﬁrﬁ%n 4@4%“%“%'3’

loadeolbnmivelypatieriesndod) thad pﬂ@m|VS§HI‘P&WNQ9d§)§Q§'13(5@6'%espective!y.

306-3, and 306-4 (collectively loads 306), respectively.  Sensing'and

Serpivigcting rpﬂﬂélﬁ@ﬁlﬂrédé’ﬂb@'%13)1-9',3B@OCQ?’1:9’r6-(£0ﬁ%@i\@ib-ﬁegﬁgﬂgctively
and protection modules 310) are connected to the batteries 304-1, 304-

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, 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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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, 304-3, and 304-4 in any suitable manner and limit
current as will be described below. A control module 320 communicates

exciithdhg SERSING ANGHRLOIRGON, spodules %ﬁ'e%e%e@’a‘%seé‘ sensed &}fﬂs&t off to

signal, and generates one or more control signals to control curren

adjllewinestuesahsthe, batterias S8g- JVhHe, i i?%?tt?ﬂ@%l.o%ﬁ%lgp gand, séstors

protection module pairs are shown, additional or fewer pairs may be use

carinoa Rfdeulan implemeyation: 008R) Referring Wiﬁ%fﬁggﬁﬁ%@a@@@ﬁ%m is

protection module 330 is shown. The current protectio

shdeludessAddwainfHansisiara 38 ¥ elys3@-2, 330-3, ..., and 330-N.

When current flowing through a respective battery is sufficiently low, the

tranfe®63 33RarerinpabaAnoiEn toy e RPSXSEeT5 B IRtesholfcigit 340

transistors 330 are modulated and/or turned off to adjust a resistance

incROss praviciethhyeaad? tranrsistor 33@1 oM efdhetiarsisiars eanb8yitch 344
selectively turned on while others are off. While parallel arrangement is

is nelovaiily acisekiels AVBBgREBhEaRralRthbe 1espd dPRBBARAEMG AW Whove a

FIG. 168, another current protection circuit 340 includes a resistance 342

threstmaiptralleiitchneste s wpitteddd. Hoecswichets issioramlly K0s8ding the
When current through a respective battery increases above a threshold,

resthimsodiCH 34Ais ppenet] tuineredseyreiigscegitanse iaddinethes.

resistance 342. As a result, current flowing through the battery decreases.

[0080D BEferriRgfevingy Rty 16C5 I@0tET Cufemt@roteetsm ofemiiction 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
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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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 by adding the variable resistance 352. The resistance

battBakls Pravided may kg ariusied;hy, Wes%%@]tr%lﬁ% %%lcfn‘?’r% - RS G rEsulL pulse

current flowing through the battery decreases. n some

geriBralementations e RAegs Mav ke @Mecﬁelé) LB LNGs Putputs of

resistances can be implemented using Tesistors, transistors or othe

sef@&tié@bt&)ﬁ@f@lpﬁﬂﬁm{%ér@ﬁ@/‘Uﬁ%%ﬁgé]ér%&%%%ewtﬁg »@%%%uga&ﬁ%?ﬁzd o

or other suitable components. ferring now to FIG. 17, a medica

allodeviziadeias arBagaaIaker BYSRMLANRY S BIAY B ERFBRESVAEI 400 can

system 400 is fully redundant. In other words, a bad or low battery can be
be isqplateddeliably from good or charged 26 batteries. A bad or inoperable
circuit such as a control module or pulse generator can be reliably

isolfaeddiom Joed sucpaallie sisidin. Qutputeielselecied cathtors 404A

modules and/or pulse generators can be reliably combined to " allow

andréddmidooyedtivalyesullsehgoediehiity altthe pasemakersksien 490 £85.2
be improved. [0090] The pacemaker system 400 includes pulse

405g@nlerltorsivield A sariic 4 04Bd(0ekedd)ya iyl se gieoeratrsi490sWitshd 4088
modules 405-1, 405-2, ..., 405-6 (collectively, switch modules 405) and

(coltasritvel ynodoles! 408AUtEEI4DBB a (ebHERt VR IYOPR GOk BRIIMEs 4948 adthect 2
404B). One or more leads 412 connect a

selected pulse generator 404 to a patient’s heart 414. A sealed housing 424 may
be used to house components of the medical device. The pulse generators 404
and control modules 408 may be integrated into one or more combination
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 mpdules 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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selected pulse generator 404 to a patient's heart 414. A sealed housing
424 may be used to house components of the medical device. The pulse
generators 404 and control modules 408 may be integrated into one or
more combination modules. Furthermore, the switch modules 405, control

detBRgulaniGhaRingibenpulsn aanewins 4p4can.PHEoTIRnC i one 4o,

or more integrated circuits. [0091] A selected one of the contro

swiflél® aesiaissadiist Sieh 4pgdle 409: 1, which selects %&%%E%; %ﬁe%ng%ct the

of the pulse generators 404. The selected pulse generator

otheopugsteddi thpwiatbmodie ARduie 4bg leads 412. The pulse

generators 404 receive and process signals generated by the patient's

hea[t)éga}andﬁ@i@@ﬁé&e&s@ﬁﬂiwﬁbH@%@ﬁiag@%‘?é&é’st%eééﬁzﬁéﬁtﬁf %%teries

directed by the selected one of the control modules 408. [0 A'seco

45Gwitd orpdule 408-25t0RNEeRRASN e SWifeh a58) Boection oSS ed in
430-1, 430-2, ... 430-K (collectively, switch and protection modules 430)

partdiehe oF monecoidhedtetmtsoliB o dees4984 Yhender oplemsa e’ switch and
detected with one of the control modules 408 or one of the pulse

profriEratorsdlids $adichEmctl geid0ariane #Q%idn IesRerivel) E8mPRRinicates

actuated to select the other pulse generator 404 or control module 408.

WittoReS[oA povesniistiotion Sy stel <28 0Boluslen & RBENIYS i RASIRRIe 405-2
450-1, 450-2, ..., and 450-K (collectively, batteries 450) that can be

anccertraiied incpanaites The powesrdistfithaiomBysiesnd20ialso iRpiess voltage
the switch and protection modules 430. Each switch and protection

rail ploaae4Bbconhawmicates wiltageerail HEBHAsHRSQHIREMBdWAS A% dules
via the second switch module 405-2

405-3, 405-4, 405-5 and 405-6, which selectively provide power to the pulse

generators 404A and 404B and the control modules 408A and 408B,

respectively, of the pacemaker system 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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and selectively connects one or more of the batteries 450 to a common
voltage rail or node 456. The common voltage rail 456 provides power to
switch modules 405-3, 405-4, 405-5 and 405-6, which selectively provide
power to the pulse generators 404A and 404B and the control modules

Thé‘%ﬁt?’cﬂqﬁ%ﬁesrﬂwmyﬁ%éj%g?efj%%‘?cmu%@r %sée@ﬁ%)v %]té 089% tEE%rge of

switch and protection modules 430 may sense current

eadeRaesiNe bAtlery4RQ E&ﬁ%ﬂé?’é’&@ﬂﬁfﬁ%o%%&% rgﬁg%%j\és%ﬁ@;fé@?ggé, load

This current and/or voltage information is communic

testineddeg. 408 qliBRICARIreLMAGLIRS 408 irrr‘?%éﬂ?iﬁ 'éﬁg I%?g??sr%ﬁgtﬁiggngs low-

modules 430 to connect and/or diSconnect the res e batieries

resiradesldTherioRizegodiRS ey ialsR BKNEh g switch and

protection modules 430 to actively adjust curr low from the batteries

450[0636] an EHProash AR SRR RROVEJA CuWGHR Wi i
16A-16C. [0095] The control modules 408 may test on Of%gh?az?tftenrggpectlve

battséo eBSue sufficiens eitaree RERLILSWIGhIng§ oglo thegpmmon -
voltage rail 456. 28 The control modules 408 may measure, calculate,

impéeentatcnates ofreiarpaereadpbatiesyinEResaiRHIOtShAIIS DARE falls

based on open circuit voltage, load testing (e.g., sequentially connecting
belandamitaserioig hightesistaace bt bErgisianem dumn|oads)sand/Micient

other suitable approaches. [0096] The control modules 408 selectively
Poveamndue respeictivertattedes 450 tarba camspmelRog EAIlREAS 450 and

needed. in some implementations, a single battery 450 is connected until
Simuﬁ@éseu&iypoweméaﬂs another battery. Capacitive and/or inductive circuits
and/or filters may be provided to temporarily power the device during switching to
another battery. In other implementations, more than one battery 450 can be
active at a time, and the control modules 408 may then adjust and/or limit 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 resuit, 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 muitiple 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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below a threshold. When the selected battery 450 fails to provide sufficient
power, the control modules 408 then disconnects the battery 450 and
simultaneously connects another battery. Capacitive and/or inductive
circuits and/or filters may be provided to temporarily power the device

the GAEING SYYHEBINGH IO, RRQURBE Pake .t} other implemeniations, mgrr%)téng Nof the
odules rxay

one battery 450 can be active at a time, and the contral m

actthenpadiiesisand/onfinmietotak; t urrent termined
’ Ieveﬁ%%?] The ability to prlcf\)éi)(\j/\teﬁ ggﬁﬁliéo%rnra?}bea%%eri@%@4é%s?)ngﬁ?g%&%&®’ the

waiphdeqakeicsystamahdloinciaases thediferfihspac ehSYSIRE - active
The redundancy also improves reliability and increases battery lite. As a

propesuibythe pacemaker system 400 may function in a patient for longer
periods of time. The switch and protection modules 430 provide additional

saf¢00atlen Ui mnyiplewbasteries 145 By leVHRE: PEaSH SKEENsERR 500 is

control modules 408A and 408B may be connected together and

shogschafgehinfarmdtisntieopekampacbatbreanbe astivesatpl ttppe O dules
can operate as an active processor and another can be a watchdog

10%priessntrThenndbsioprateskadnayisens prrdsterinediaaiR@d 504,
the active processor and check the returned data to diagnose operability

ancoffthes eafiive ppuctEsar2if thetaative prospssondassnetigspRffiguration. A
correctly, the watchdog processor and/or another control module may

firstraytiahertustatsivd Spioselsus. (0RG] Referise newdeatdB. A% amhe selected

alternate pacemaker system 500 is shown, which includes the pulse
pulssegenesiteodQkds4odntiveitth tedelets 412. The pulse generators 404
receive and process signals generated by the patient’'s heart 414 and selectively
deliver impulses to the heart 414 as directed by the control modules 408.

[0098] The control modules 408A and 408B are connected to the
switch modules 405, protection modules 520A and 5208 (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 5208 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 puise 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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405, the control modules 408, the leads 412, a power distribution system
504, and the sealed housing 424 that are arranged in an alternate
configuration. A first switch module 405-3 selects one of the pulse
generators 404. The selected pulse generator 404 is connected to the

conlf8ete 418 thB&iRYISFAEARIAIRISANE £8p% a}'@gﬁer%?\%s SRP0R lf’ngg%es 510-

generated by the patient's heart 414 and selectively deliver impuls

1A, the heatt 414&%%rﬁ§—tﬁﬁ.bﬁ%tmw,rﬂpéjglz%e%%% ‘Ern%gg%gz 4%)%? gté%ctively

modules 408A and 4088 are connected to the switc

conpeieaiion Meduesnd a0 &eRlIECEYBE. RFHastion o Igcﬁéé%ules

and/or the pulse generators 404 as generally shown at"S", "P" an
510w BIG110828Bhe pratgcipn-r@dules 520A and 5208 are connected by
switch modules 405-1, 405-2, 405-4 and 405-5 to the pulse generators

404AGreh 043 anstdhecaontieldnades ADBARMLANER W e HE DI aker

are detected with one of the control modules 408 or one of the pulse

sysigenefziors 4B4cawiishboipdyles<i 6anbe @diyisted toselect anathel 1o the
pulse generator 404 or control module 408. [00100] The power

selediftribunioincystedn BOABCILdRS e Rty dbaiteres4R0 and switchan be
modules 510. The batteries 450 are each selectively 30 connected to the

usefirst fopoiectidhermdtte 520Aley espdativetawitghdnaastestHombule 520 can
510-2A, ..., and 510-KA. Additionally, the batteries 450 are each

be gegsttivielytivermected tiothexsecpled gwittsctinoduieduiR 5208 Bd 510-28 both
respective switch modules 510-1B, 510-2B, ..., and 510-KB. [00101] The

fail, frotbcriortentdulescsRlesr GAtecpowss tosthe PREEBVRKRICess to both batteries
450-1 and 450-2.

[00102] The control modules 408 may selectively monitor current flowing
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, poésibly in a manner similar to that described
above with respect to FIGs 16A-16C.

[00103] In another implementation, each battery 450 may have é
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 protéction modules 520) to individually limit its
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system 500. Because both protection modules 520 are connected to the
selected control module 408, if one protection module 520 fails, the other
can be used. If one of the switch modules 510 fails, the other protection
module 520 can be used. Furthermore, if for example switch modules

curbd@: 1A pedcBARABRethidailsbath pEgsctian madiles %%%@%@ he 45891 d0g

allow access to both batteries 450-1 and 450-2. [0010 e control

provwdinesMo8aayqseladtixgly sarpitor current flowing through the switch
modules 510 and/or protection modules 520 to determine when to

selgotviey jcorrgetrangl/epdiseornest basieries430.cHig SANN eI eSwitch

408 may also selectively limit current flowing from the batteries 450 using

mothaeprdi¢oticht Moskdes 460, pessihbiin 2 marner sigiariathatdaseripedyich
above with respect to FiGs 16A-16C. [00103] In another implementation,

modaleh BltaTy ddesniiayt have e capasHiamRNHBdElE £Aat shawnkihad that are
measures current and/or voltage of the respective battery 450. This

coninfotrrhiiosenay. béntiGmived thehe condoht mRAdules#e8I&8al balRYes an
450 may additionally have an associated protection module (individual

F byetsienswiahewitotectiodutex 666, 5203 te PdividuaI Mt ity c?d GHSERBE than
The control modules 408 in FIG. 18 can also operate in a watchdog

OneproeussiagnpledE andd3onbecatiovs NEN4D Refammiag nomttm Mesules 560-
19A-19C, exemplary redundant switch modules 510, 510" and 510" are

1-xshBAr-1n FIGaNg/A0Me recanedentswitell madulesSiMinelndesfitseandrhis is

second switch modules 511-1 and 511-2 that are
true for each x from 1 to G. The G sets of F switch modules are connected in
parallel with each other. This built-in redundancy increases reliability. In FIG.
19C, N switch modules 510 are combined to provide multiple line switch
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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connected in series. In FIG. 19B, the redundant switch module 510

includes an F by G array of switch modules 560, where F and G are

integers greater than one. For example, F and G may both be equal to 2.

The F switch modules 560- 1-x, 560-2-x, ..., and 560-F-x are connected in

seri Gd”{% one Aot . This is . true for from 1 to G. The G sets of

F sv%itch modules &r?&%nﬁe@:\%é} ?rlft Parale %v%ﬂ%a@ﬂ%%%r?ﬁ'mﬁ Raiferies 602
cahQSWREAREKINETEASES. |'§|gil' AN El 9 switch qﬁ]ules 510 are

combined to providzgfngﬁt%p eﬁoéJ g{/(\%/ﬁc 1%(%‘{1%5“5(%@.% fe RpEgifgnerators

60@@@@:@%%{8&%@%Mgl,easn%rtﬂec’rh%mﬁet%% n%t%ﬁtﬁO@&dugérgﬁ%/Or pulse

. e
include one or more switches connected in any suitable conﬁ

Qaﬁ@@é@% Reterdng '?%N&Brﬁ‘!géeg%%%%’ a&ﬁ%’&%a'n% ecyﬁ%g%avlgi Shggditional

pacemaker system 600 is shown. T acemaker sys e
levBbfrestundnir cipelidasbatigdss, 8 Jao%%?% e s APAO0R i
(collectively batte&?ies 602), pulse gegrll%rators éills%%% , 8n8‘%6z?-b0 1, 610-
2, (colieatiyelyHiseng@nRerters 694), control modules 608-1, 608-2, ..., and
608-E (collectively, control modules 608), switch modules 610-1, 610-2,

..., 400810-F sand anear Jpere ient's;heart
614. 32%106] When onc of thg%@gtj(t?éﬁgé ggg@?l%f%ﬁ]%’?]@l@f @@D%%' pulse

geratitrias 60Zce@s berePRRREAd HEMISWIIEh Mmedyes.610 1.qn
the pulse generators 604 or control modules 608 fails, ano?liu%?g?\tge%gn the

partionteolapplitieisn ®08 and/or pulse generators 604 can be connected using
the switch modules 610. Additional levels of redundancy can be added

usir§Gtisfonalisitahimaduasi6A0rbbHEen described in connection with
particular examples thereof, the true scope of the invention should not be so
limited since other modifications will become apparent to the skilled practitioner

upon a study of the drawings, the specification and the following claims.
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2, ..., and 610-G as shown in FIG. 21. [00107] As can be appreciated, the
number of control modules, pulse generators, batteries and switch
module can be varied depending upon the particular application. [00108] -
While this invention has been described in connection with particular LLOYD WISE
examples thereof, the true scope of the invention should not be so limited
since other modifications will become apparent to the skilled practitioner
upon a study of the drawings, the specification and the following claims.
33 LLOYD WISE |f4<AIMS 1. A medical device comprising: P pulse
generators that selectively generate pulses for transmission to a patient;
a power distribution system comprising N batteries; M control modules
that sélectivelyeefigd| dsgieeposestsaml L switch. modules that selectively
connect a selected one of said P pulse generators, at least a selected
one of said N BatEHESNEREPE SBRéclels B ot sandmecontie frodalesnission to a
wherein P, M, N and L are integers greater than one. 2. The medical

PERAke of Claim 1 wherein said M control modules monitor current

supplied by said N batteries and selectively controls said L switch
modules baseBC Y ESHIPRe FshRHBR8 HNORITieturther

comprising NT protection modules
prising I*/I Eontrol mocﬂrl]les that selectively control said pulses; and

L switch modules that selectively connect a selected one of said P pulse
generators, at least a selected one of said N batteries, and a selected one of said M control

modules, wherein 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. The 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 said at least said selected one of said N

batteries.
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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 said at Ieast i
- said selected one of said N batteries. 34 LLOYD WISE 5. The medical--0YP WISE

device of Claim | wherein said L switch modules include first switch

modules that selectively connect said N batteries to a common node and

second switch modules that selectively connect said common node to said

P pulse generators and said M control modules. 6. The medical device of

Claim 3. wher€he saidinwédicalcdevic€leompristsrairpaceniakerigystemiang include

said pulses include heart pacing pulses. 7. The medical device of Claim 6 '
Thistthati cbmpeidines e dis]entidr ehird ewitch smidd i esathtesetectivedynmon node and

connect said selected one of said P pulse generators to said leads. 8.
sqieEdneYicel davibdest GrtireBoiiveteireantsobsaidcMNprotectiodentodsdes P pulse

comprise a current limiting module. 9. The medical device of Claim 8

Bfarémss Said A AEARTEnE AsbdRAes 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. 35
. The medical device of Claim 1 wherein said medical device comprises a

pacemaker system and said pulses include heart pacing pulses.

7. The medical device of Claim 6 further 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 fransistors 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 conirol modules.
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LLOYD WISE 10. The medical device of Claim 8 wherein said current

limiting module comprises: a resistance element; and. a switch module

that is connected in parallel with said resistance element and that is ﬂ
selectively controlled by said control module. 11. The medical device of LLOYD WISE
Claim 10 wherein said resistance element comprises a variable

resistance element and wherein said control module selectively varies a

resistance of said variable,resistar lement..12. A medical device . .
comper}l@ing: g%%lgneeélélr% e r%?glrc&éjtqgg%é%vglngkl Sherated pucllélérgl;l\{a(icl:glﬁrtll’% module
lilggsthat selectively controls said pulses; and a power distribution

Csyé%am that supplies power to said medical device and that comprises: N

batteries, whereNis andnteger. grgater than one; a common node; and N
protection modules that communicate with said control module, that

selectively conigetiatRRectiNg oneRf.saichhy F%H@?\;Qﬁ%iﬂcp%gﬁf%e element

node based on control signals from said control module and that monitor

afHHeRL PreMdad Ry-saidonesnpsclive one:ef sRigMN. batteries; wherein said
control module generates said respective control signals based upon said

current. 36
11. The medical device of Claim 10 wherein said resistance element

comprises a variable 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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LLOYD WISE 13. The medical device of Claim 12 further comprising first
switch modules that selectively connect said common node to said. pulse
generator and said. control module. 14. The medical device of CIaim\j%YD WISE
wherein said medical device comprises a pacemaker system and said.
pulses include heart pacing pulses. 15. The medical device of Claim 12
wherein said control module comprises M 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 JAtegeil jreatelithbdevive. ol 6. 1Tine Addidatdavigeiefn@lilm &sitch modules
wherein said first switch modules also selectively connect said one of
thedise N igohtomedsied tooneohedilidspidmdioenmatoles 7T hentrol
medical device of Claim 15 wherein said pulse generator comprises P
mgiels-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. 37 LLOYD WISE 18. The medical. device of Claim 17 further
compfiging: [BarigesbicrtiedishvER lrBuldedersin srid toefjcebApdee samprises a

one of said P pulse generators to said leads.
pacemaker system and said pulses include heart pacing pulses.

15. The medical device of Claim 12 wherein said control module comprises M
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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19. The medical device of Claim 13 wherein the first switch modules
comprise redundant switch modules. 20. The medical device of Claim 12
wherein each of said N protection modules comprises a current limiting LLOYD ¥
module. 21. The medical device of Claim 9 wherein said current limiting YDWISE
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
resistdBce elBmeentdasd deswitoh (Hairs Icbhndetechinpasialiel with said
resistance element and that is selectively controlled by said control
module. 38 Lg@Y;DnWISE 23, The medical device of Claim 22 wherein
said resistance element comprises a variable resistance element and
wherein saidldsatoiliviodwéutsidohasliectiarbs@uesistand eof shidid P pulse
variable resistance element. 39 ' v

generators to said leads.

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

comprise redundant switch modules.

20. 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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LLOYD wise

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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