WD 99/ 52163 .

'PCT/ US99/ 072500 bo/@ABTERY HAVI NG A BUI LT-1 N CONTROLLER FI ELD (RCTfY§99/07250

| NVENTI ON The present invention relates to batteries and nore particularly
'to batteries having a built-in controller to extend the battery service run
time. BACKGROUND OF THE | NVENTI ON Consuners use prinmary and rechargeabl e
(secondary) batteries in portable electronic devices such as radi os,

pagers and conput or s’ dovi AL TERCHAVNG R BPEET ) CAROELEREED, LTV

battery is over, the battery is usually thrown away. The service run tine

of a typical primary battery generally onl ermts usage of between
‘approxi mately 40 and 70% of the @MMCWaM ty. Once that
portion of the initial stored energy has been used, the battery generally
cannot supply enou | I ' | &H'e}i

the useful life of %&%E%gﬁ@?ggél#gs @;ﬁé‘ﬁ? ?&?hg?ﬂ:og%g%@bﬁgrja yest ro

t he batteries adwilt-incsoatroliérdo ghtend thedwtteryrsprviqeiran tiggnt ai ns bet ween
approximately 30 and 60% of its storage capacity. Thus, extending the
service run time of a primary battery by allow ng g safe deeper discharge
will reduce waste by all owi ngBASKGROUND O THE INYENIA

2 MEINYENIION. 0 pre of the
storage capacity of the battery before throwing it away. The overall life

of a rechargeable tter however, s pri i depe . _upon t nunber
of and the efficie S‘EWZ'? HE® ARy 8“% {Fccﬁgf'a eeéﬁ%?r"ggqggé{%'ﬁ#ﬁé’r%@% may be
charged and r eletrdniaidevicessaclnasiiadiosaogpactydisceplaytss, vaméras) cglhilargphpnésat t er y,
after a perce f t stqr ' : :
bat tery Lypi cyons shifs 1l Sletthl BpuEAaScey ARy BESrviaTln chiSre
circui t. Thus,primachbattesy isaver thehatteryos usually dirawn ewey.c Thesendes rundimarf a
extended i a sed Hnﬂgyﬂgah@' Fogenefally BRly RErhif WsagSofiebWicdAPprokiifattig 48 andf
di scharge of atgflec? r ? g] | e batnt egé Kgﬁevér , ) a% aen i Ehgq?:.t .tgg tl@ﬁ nunber
of and the ef {406 Bﬂ@? Qsal hattery storape,capacity fORggd @té’é’ﬁ&"g‘gg mtighstotef gnergy
general, as L hfas dﬁdgtd%ed),;thdbafehﬁgﬂﬂraﬁlﬁ cénrioe a@lmﬁgmataglew dllwﬂn'wifhl cel | |
i ncreases, the,nunber. of. r CY.C t hat rechar gea electr ca
cel | may undereé‘?f?rag‘&cgﬁ'%gﬁ%?ﬁﬁ‘ed%ﬁgﬁéff’ OE%E%‘F%E%‘,?%P%&@?F rfsp@gggxgsmy
particul ar typthrowthebettéries gwap eeenctheughrtbe battary still conitdiss betwesmapproximately 30
widely. In a NiGkab ' "N G Jrbat . BRI fddeérﬂh'mge
Is preferred yggﬁé@@%@@%%&%@ﬁf@?ﬁ%ﬁ%@& t@%ﬁ/eg?'op .gq'mrf"gormr . g*?_ect | f
the battery i Sysllawings safadesper %@h#ge apibredues weste by allqying the elestronicidgyicesn o
fletca eas eg tc ?p%'lfs%nﬁi"@éﬁtﬁ@h%rég@%aﬁdéhy' ?ﬁh@'&laft %efoﬁ%ﬂﬁo»di}n@&fhﬁi@.e of a
'thiumbattery. evo%rex"allqi?‘é/ ofd gggc%&rgeam?e gattee(r:y, rh%%vex%g i%%ﬁmarily dependent upon
. the number of and the efficiency of the charge cycles. Rechargeable batteries may be
charged and reused after each discharge cycle. As with a primary battery, after a
percentage of the battery storage capacity has been used, the battery typically cannot
supply enough voltage to drive an electronic circuit. Thus, each discharge cycle of a
rechargeable battery may be extended if a deeper discharge of the battery is provided.
The level of discharge of a rechargeable battery, however, has an impact on the number of
and the efficiency of future charges of the rechargeable battery. In general, as the depth
of discharge of a rechargeable electrochemical cell increases, the number of charge cycles
that a rechargeable electrochemical cell may undergo decreases. The optimal discharge
characteristics of particular types of rechargeable electrochemical cells, however, vary
widely. In a Nickel Cadmium ("NiCd") battery, for example, a deep discharge is preferred
because the battery may otherwise develop a "memory" effect if the battery is charged
without being appropriately depleted resulting in a decreased capacity available for future

charges. Deep discharge of a lithium battery, however, may damage the electrochemical
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el ectrochem cal cell may generally be extended better by efficiently
controlling the discharge and charge cycles of the particular cell such
that the total nunber of charge cycles ?ray be maxi m zed and the anmount of
energy recovered fromeach discharge cycle of the electrochemcal cell is
al so optimzed. In addition, consuners constantly demand smal | er and

lighter paellabThe servige rusrtine @@a/neghqgemlmrmhempﬂumﬁmymaera&ybs to naking
these deV'é@eﬁldEdTBéﬁé?'by%ﬁfhénﬂg %ﬁﬁ'olllﬁg ‘@h@‘ﬂxs@hzﬁﬁe Wcﬂf%&%’c Hb?aﬂ?&fla?” €s
as the el ect £ CII’ |

required to e devic ts_get
faster andfells éﬁé‘B Fé?(tal‘l‘!'i&?rf’{\/{’}%ﬁﬂweﬁ&fm ém’é‘%‘ﬁeﬁ @Mmoupt oft han t hey
di d bef or eenemydecdviersdefon each!dichaigaeiele oPthelelietrbdlicntel %Ell i%ra@soeaﬁﬁﬂuﬁdeat er.
Consuners, however, w |l not accept nor e powerful and mniaturized devi ces

If the i ncreased funct lonality and speed requires themto repl ace or
rechar ge the bdntadditios, comsumers censtantlydemihd smallen and lighter pbrtableceléntionit f ast er

d life,
1 T, AT 8 A B8 A R A B )
t he bat t ersizesnd yesight batteresiraquiregitp powgr thetdsvices. i Inifact; asmhesrecsomc ed
energy. SQifeu am&m@e ebiplek ARéyFt exn uﬁ@e&eﬁ%@ dfteht?tfisn i U' at or
CII‘_CUI'[ suggtﬁ gméggﬁ%qg copverter gaEtﬁ DC/ DC converter) 1In
devi ces 1 did bR ARG e P13 HhePattpriesATe SYRn RrShteR oo oem%
battery. dlhmvtdvasmldiauu aceept mmtabowlbﬁﬂ&iln?gduﬁ:aﬁ?iz%d Bahéesrﬂ?e intr&@séener al | yt .
connect e e.total vo e 0 S eries.is converte
into a vol bﬁ?‘ig 9%%85- quires s * gldtocrf:plg%qrrgg}laég%tglﬁgg{tmsm%hmgerter can
extend t heﬁ'mnntbn rf’éhus;‘ lntdndﬁrbabmki fastey anxt mpre cognpleseledtiomidodavices withobtput
vol t age i raetc&sslhg HielrAlsefBPrte. 1B cREwbE d0ALdsTe¥d f SENRE BiteotliE hibrd DRCRRNY ©7Y

woul d ot he up nore volt ore nore power,
l oad circ 4‘@5‘35 @mﬁﬂvesmyecgtwpmg grgater h@llwm@fyﬁ@d energyiol t age i n
the latter portlon of the battery discharge where the battery would
ot herwi se be exhausted because,the o I s lesg than the ] oad
circuit requi rg"mﬁ?@ %‘Bﬁé"éﬁlﬂmﬂlgﬂt@ﬁﬁeﬁlﬂ é%ﬁygﬂtqggrre atoR SreyitRuch 8%y ¢
devi ce, hcwmmlungrmsvmée 2l aDGDEedavertdr) imsthe devieesfonvanvieting andor
rel ativel ; \Y;

k@%{act %’fﬁ% EH?gt V(J)lt:’ag@ ]pf the !ﬁﬁeﬁ) 8% tctiﬁegg ngge[%h}nﬁﬁglé)&?éyial @afffé%s

devi ce nanu
rel ati vel yre geperally conngcted; 19 sefifs, andrthe tOtaiamétasp of theserbattedesis Gmertsdmto

Second, bv’#\kﬂlfage ﬁéqnﬁbd BY ﬁlefl@dd?cﬂﬁlt %9 'itcfoﬁ{/erféYe A é&h@eﬁéﬂﬁn hktend MeSuh time' Nat

wi | | be us V\f? arti.cul ar B}eﬁtere%ﬁ ere[sore nverters are not

optim zed F&fe aﬁ@r%alﬂggtpmn&g down quiput ypo ?ﬁ;"f’f‘lt’é"s"'ﬁpj RoRtignOf

el ect r ochduatteryl disohhige wHere the baitéry evonld oﬂhﬂﬁﬁe w‘p tﬁ@ﬁermbgu;ﬂaﬁdiiheﬁéﬁies suc hd

as al kal i ertles an

o nat v iDwel ik kg choli® el wRiF by SobiibE BF MERattany Bt

Addi t i onalvoltage indhe latter portion of the battery discharge where the battery would otherwise be
exhausted because the output voltage is less than the load circuit requires.

The approach of having the converter in the electronic device, however, has
several drawbacks. First, the converters are relatively expensive to place in the electronic
devices because every device manufacturer has specific circuit designs that are made in a
relatively limited quantity and, thus, have a higher individual cost. Second, battery
suppliers have no control over the type of converter that will be used with a particular
battery. Therefore, the converters are not optimized for the specific electrochemical

- properties of each type of electrochemical cell. Third, different types of electrochemical
cells such as alkaline and lithium cells have different electrochemical properties and
nominal voltages and, therefore, cannot be readily interchanged. Additionally, the
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devi ces. Al so, sonme electronic devices may use |inear regulators instead of
nore efficient switching converters such ag a DG/ DC converter. In addition,
el ectroni c devices containing switching converters nmay create

el ectromagnetic interference (EM) that may adversely affect adjacent
circuitry in the electronic, device su

tchp?s a,gdlofr enCé]g &f@
transmtter. $SAVEAtersiake upyalughlsspacedr the glectrantg ?‘f‘%"rsy, plectrepic deyiges o
of the EM C%ajaeseqinamdg.imfmme@mmdreefﬁcmthtdﬁMg converters suchak eDC/DHE cs

and/ or could be shi el de nduc t| ve contai ner. t her
probl em wi t h GAONERST I%&E*E\é’é CEGHOUP ngges contapune sl té‘@‘“é%‘ﬂ‘%a S%#e 8
mul ti pl e el ecélecironsagnetid inteefetence EENBthatinhay adiversely eﬁ‘@&adjamt qrmmry indhe
zi nc- car bon, r Mc&ﬂg ver
oxi de batter&%%‘?ﬁ?i] %i%?ﬁéﬂoi%ﬁ%{éﬁ%Eﬂ Iés:if;}f r| v & eqt&?_lr-ﬁ;({ihter
In order to ibattery; lsowsver uree RAERE mWay o i ple
el ect r ochem Cénmgi@é HEctRRASRARH could BERHiARed By DEHdLEIReQORtAHET YOI Bier).0
drive the conver Ich may then step the voltage down to a | evel
requi red by the electronlc devi ce. Thus, due to the converter's input
Yot age 1 el SIS fothk oA opefent abhags conieon oAl hep il need.

) v g i S
require a sinfg® ﬁ'pfeeql?ciﬁoﬁh??ﬁg‘?aﬁolg’ espﬁpgllyrg@bmsgectﬁo &E‘iﬁ"&a“%&"ﬁ@%ﬁﬁkw ght
and prevents éadntilrei(NiGd)j mitkel metedl hydratef{(NiMH),cind silven oiide detteriossin ordendo a
need exists t r y and
opti i set e Dotk eBRba ctiage o\t Sshypint 37 oRiefd FEPARSADS @'"?b@‘s%&t‘o
maxi mze its mvemre usually réquire m&tlmeslcqmdigmaltqe& canneeted iy sgtieste pEovideat er
utilization Oén&ugﬁ Vbltapedb %ﬁv@ﬂféro%veﬁﬁl' %&mhfﬂﬂﬁ\éﬂeﬁ% mﬁg@aéwn sgleveml | er

or fewer batteri&s |n _order n%@éaturlzeﬂfory el ectronic

devi ces. summmr@imheelmwﬂmer@% pthe Gopy ‘?él’(‘ﬂb‘?&%"&@s a battery
tﬂat pr 0;” desreguiréhiéis, tﬁeeélddtﬁmddw:cb Inﬂ%t &umﬁ:pﬁdveﬁlb ; Elyctrschagichlwlls levered
charge of a p ar e battery. bef.ore r ry
has a built-i ﬂ‘ g@h#&ﬁﬁ? ?ﬁiﬂﬂ "iy rc?ﬂ %9 pingle °\%Ef% ‘%;eﬁge i@géégfé%ﬁ

of operating bmkted\spabeand)m:gbeandmmahtslfdnhﬂr ntigipfuciastionl of the elmtmnwedms The

controller nore efficiently regul ates the voltage of the el ectrochem cal
cell and allows for a controlled di scharge or an opti mal dlscharge depth I n

‘order to extend th&husenneedexisintooptimally usethe stergdghargeaia rechiargeable battgry
preterably di gpp &;ﬁﬂmﬂ@tb@ d@bﬂs%#urmﬁ ébéfbﬁ%ﬂar?m gthd Ba'%ier%' B rlérttd masiﬁﬁzgned

for operation wth a partjc r.t rocheni ca n
al kal ,pn e, service run tlme By es?gmngyt%tteges to prov1de a greater utnhzatlon OP tlillexr storecfa
energy, electronic devices can also use smaller or fewer batteries in order to further

miniaturize portable electronic devices.

SUMMARY OF THE INVENTION

The present invention provides a battery that provides a longer service run time by
optimally using the stored charge of a primary or a rechargeable battery before charging.
The battery has a built-in controller that includes a converter, which may be capable of
operating below the voltage threshold of typicat electronic devices. The controller more
efficiently regulates the voltage of the electrochemical cell and allows for a controlled
discharge or an optimal discharge depth in order to extend the service run time of the
battery. The controller is preferably disposed on a mixed-mode silicon chip that is custom
designed for operation with a particular type of electrochemical cell such as an alkaline,
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“lithium lithiumion, sealed |ead-acid ("SLA"), silver oxide or hybrid cell
or with a particular electronic device. The controller nonitors and
controls power delivery to the load to 6ptinal|y extend the battery service
run tinme by (1) turning on and off the DC/ DC converter, (2) nmaintaining a
m ni mum requi red qutput voltage when the input voltage is below that which
typi cal elnickel eadmiumdUNICAL), aigkelopesabhydrate ¢INIMIRD; lithipm, lishitmtior sgaledit put

| Mpedanc e:leddacidleSEAT I Gl ok beiPLell by SRS BartiaRE Blectfotlc 84 U1 NO an
opti mal charge sequence; (6) increasing discharge current t?’na gi ven

el ectrochem cal cell can provide w thout controller; (7) providing high

di schar ge cur r éftte contrbller matitorssaridedontrblspolner delivery fo' th® ldad @y opmbiex ceeds

e i ng Dbt R UiE hhilhe W) it e B B TIORG Biverentds 1o

cel It C?Pamaxnimi aminimyhiregired gatpwe voltage whenthé ?r‘npuevzblﬂg‘eiy:ﬁrmthat gr single
control | eryg . : . _
rechar geal:n, %&bgﬁgﬁ%ﬁ &é@g%@h@g?ﬂe@%&v{%&t& @e‘%ﬁ !H?B ot 'g‘gﬁi@f’e’of t he
present i Afkdetermining the ontisnal disehasge drpghi(Akproxidingancapsimab ohargpsequencs; t he
controlle §6)' icielsing tiseHat ¥ CubreflEthbf SiverlblE&thochbrhical defiWin Pgtﬁiiéta\lbi’tﬁ&& desi gner

k t f LI C | ect h I f a
bar t1 oul aroBGRIto ariiee b Asearat aient Baikarisl sty WeittenEhisguments
convert er escdeds tanvestebmbtimun euph .taiunieﬁgasﬂ?gflw pds§ gi/oﬂé; (8?’ ﬁ%aﬁfring remainingt t
out put vorhoabacli dnd (S pviging abelahe bamPorsiemaf bl spiny uaorsiiael = Y
el ectroch&8ug® cell (e.g., NICd, SLA), and the converter is integrated

with the battery that requires the converter (i.e., the lithiumbattery),

the el ectronic _device r@y be designed without the DC/ DC converter. This
will allow for I8@adreferred embodimentoa sigals cantoliar ismaunted inside adovsiog ef 2d wi t h

} he convte!muiﬁplé bélhpﬁhi@&irir%&ﬁé&ﬁiﬁb&it&&?ﬁbﬁ’staﬂ?ﬂﬂﬂ\ﬂﬂt : t ﬁﬁs&@f@rﬁg |r égr-
n a parti rred empbodi nent....the, controller is rmpunte
t he cgnt aioggﬂre%F %apfé‘f‘a’%%gl’é%‘r'?gb‘gﬁg‘r‘@“ vaatages,Qver plaging the epntrollering mmt i ¢
battery, &he ¢lectianic davisec Firstaitraliows thedmttierycddsigner toctakeiadvianiage oeiadfrtiaﬂiﬁ ery

h ' s : | et of, t )
resent | Recrotinicel Shardaai Bl 6 patuilel B bE fbctrochbRaltRAL” Secdid. W e o g o
cont r ol | edeYiRe Reeqds RicOpYester enly fora bastery eoniaiping i pasticulay dypernfielectrdolienmicjes.
1 ot § ochant g LR UeO SHESRIIR: shiblog e Wakialy SThpi VotapOatPhde 6t 4 Bieeky 00, '
el ectrochenical ce ake adv ) ]
reactions .cogmnoher %F(?&El%?&ﬁﬁ‘f‘gg?&e@ﬂwmgﬁﬁg’f@ﬂém conygrer 1§ f
el ect r ochéntegrated oith the battdrg thas eeljuires theonvatorifi.e/, the lithinirh Gattéry), e Ng or
stabi i zi RRcfrBfic QeiBe may Bé héskned withdbE I DD ESRALE: Uit alltocvefor

smaller circuit designs and prevent losses associated with the converter from affecting the
battery that does not need the converter.

In a particularly preferred embodiment, the controller is mounted inside the
container of a single-cell battery such as a AAA, AA, C, D or prismatic battery, or inside
the container of each cell of a multiple-cell battery such as a prismatic or a standard 9 volt
battery. This aspect of the present invention provides the advantages listed above for
placing a single controller in a multiple-cell battery and provides even more advantages.
First, it allows the controller to be custom matched to particular type of electrochemical
cell to take advantage of its particular electrochemical reactions. Second, it allows for
batteries having different types of electrochemical cells to be used interchangeably by
either altering or stabilizing the output voltage or internal impedance to meet the
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a standard battery. Both of these advantages, for exanple are net in a
super efficient lithiumcell that neets th? packagi ng and el ectri cal
requirenents of a standard 1.5 volt AA batfery by using a built-in
controller to step down the nom nal cell voltage fromthe range from about
2.8 to about 4.0, volts tqQ an oufput vo]tage of about

1. I ts.
utilizing thereqpigerasnteel ¢lecronic.dexices designe mmﬁﬁ%?l‘?s{aﬁgﬂféggﬁtéﬂei%ﬁw
subst aEt Lal | yihieSddvaag ¥ ésbﬁséléﬁdxﬁ]ﬂéxre[]mét iﬁhﬁiﬁ:ceré!ﬁ&ié_ nt fithiowi ctllrthataneetsthe ol | erI I
in each battery,ce vides a tmuch .moge effective,coptr ver. e
than i s preschAapEng afd dedcal seuiEnm B ¥ urndf LashicRR bhfy B ipg ¥ Bt
di schar ge concbrtrolierstoi stepodown the nomingl edlleoitagecihemitheadangefrom ahdut2:$ tasshout e
t hat each cel} A ae ' | edrat S
down. The con;t"rO B@Ptg?&%{a@t&%gﬁég‘ﬁ@tg?&ofg&%f r%’F&tf] %e'ﬁglhé g%g%g%ﬁ\é’?c > I'n
each rechar gelithium edlltherdssignerican bubstantiallyinasease the baftaty nup dimee [Alsq, providing a
discharged tOogntoiih chBiPbartthy EcllirNiack hilkh théfeemévaBRtrbl GvoP every 64l thisd
time of the battery_and_w |

) nprove the safety of the cell to prevent
condi ti ons su@fl’f%nm%bl%f'f@ﬁ%‘,tmgﬁdﬁy TROIILON F“?‘gc‘lﬂ“q(ié’fsﬁlfa&ge Jitons in

di s |C har ]ges : E&h(i@ih{a@élgéltfocﬂﬁwl 'c?'o‘éﬂ afid E81Cdnbute :etlm 'b%dh{ce_a ﬁ@b&ﬂplétglyltethmhar ge
CcCycCcl e Oor eacC rec I ge e ectrocnem.c ce at | Ln

p)r/event condi quﬁﬁ,gﬁg g‘&%’%&c @‘?)’é‘iﬁéﬁ'étﬁgf’w& gjrhe SWHF‘?“}‘H“P% ﬁfs? m%“%%gfi ‘%?i‘;'é%é‘g t he
cycl e |ife andischupgenoyeletih eachatchasgeatile electrachemicalcell Th ensthathgtthetcell is of

S0 d : ) Pt !
Viboati on et cahafkado Aol uftorbaal BRTUIRICNEIESIEoni Al o ultiuly,
al so al | ow unandewillimpross the saféty ofthetcell tsprevnt conditiqns sueiias memenyefoss, shpgt
batteries of G iRLERGR fall QAP istHafeck! %ﬁ@&nﬂ%ﬁ&hﬁﬂ@é ARy HHGHROP aRPédritfol €5

regardl ess of ether they are used with electric, el ectronechanical, or

el ectroni c dethecharge gyele ﬁé@ﬁéhaequgeﬂ% elgeiracheraical rell that 151p @ datiery tp pegvert
abgveI o W t hc&iclllitﬁi_r@ Ghdh 4 dieaersfgingldﬁ slts%aeigmtﬁtti@ @Qﬂdréz?sé the @Jcl%?iﬁf. amﬁitpmec al,
and el ectroni eyic 0 nges teri 0 resent .invention
will maintai nﬁleh‘é%é’b %39%{%%%0 %@Egetﬁﬁ%? PP ‘?ée eeglrssyaxéﬁlgo g?mgﬂaéecgtgt teries
service run t comsumetsidireetly{yisoalnaudis, vibrationt dic. tildicadtars) er via tshaartt device driterfaps.
actual voltage versus tine discharge curve could be profiled in such way so
that it could enulate the typical discharge profile ( w thout instantaneous

‘end of service). THKbe eentrollers|also allawmniveesal use 96 thedattares ofitheprepgnpinvention.
econom cal |y {pRe Bpeediel BPthe Predbnt\iMleri®n provideall GinYageabedr kabivi Wattésivs régaedledsess

oot gns. can o6t WhetberBey e s Yl clegtie) SASHToBF Bisaly PEBSCtOTYR Gises it hve

enbodi ment  of citheff (ltdpe sechusahié Gries listed abovglorefifh an ebsvarc devider dn kase/of Nput

gﬁ: ]E ? ge, and efe Inlégﬂ agcvt\r@eorme%%c%,ta% eltegt‘f?l(tmi(%j }it'avlnc'e% or anlﬁH&é?ﬁ%a%eHes & préﬁn S€
invention will maintain their peak performance until the very end of the batteries service
run time. Utilizing controller with the battery the tail of the actual voltage versus time
discharge curve could be profiled in such way so that it could emulate the typical

discharge profile ( without instantaneous end of service).

The controller chips can also be made much more economically because the large
volume of battery sales allows for much less expensive production of the chips than
individual regulator or converter designs can be made for each type of electronic device.

A preferred embodiment of the DC/DC converter is a high efficiency, ultra low
input voltage, and medium power converter that utilizes a pulse-width, or -phase shift
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oscillator control schene. Other features and advantages of the present

i nvention are described with respect tg the description of a preferred
enbodi ment of the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS Wil e the
specification concludes with clainms particularly pointing out and
distinctly claimng the subject matter that is regarded as the present

i nvent i omodulation, ane pulsecslfip: [man duty, eontrol sehemerwith the stast-sep osqillasereontrobod fr om
the fol | Quhdpge description, which is taken in conjunction with the
acconpanying drawi ngs. Figure 1 is a perspective view of a typical
cylindrical battery structure. Figure 2 is a perspective view of another
typi cal cyli ndytheefeatupéstand udvdntages of the présehtiivehtion afe describedrwith respot of yet
anot her tté ic%lqls c‘ﬁl I n ic%lF"b%ttﬁrﬁ}L sttr ure. Figure 4 is a block diagram
of a batt E@F CHERON P SPE F¢ GORPGITENT QX the prventien. s o bl ock di agram of one
preferred enbodi nent of the battery shown in Figure 4. Figure 4B is a bl ock
di agram of anot her prejRiERH PRI mﬁgg@_ﬁ@tsshom in Figure 4.
Figure 4Cis a block ?mm%ﬁ%—mr%— odi nent of the
battery shown in Figure 4. Figure 5Ais a partially expl oded, sectional

view of a prefWhil€the3pRMLatiBR botdudds Wathichiths Bittibﬁlﬁrlfbsﬁﬁﬁ%oﬁt%ﬂnt i on.
Figure 5 art.i view of gnother .preferred

B.is al.ly | oded,, sectiona
Eboar moristeiy BRiing fhe spbiehBatar Shab 4 e UEh o B Proser I eEgon iEisg oot ¢ 1 al 1 y
e]>c< pl ﬁded belieredphattthe/ mvention wifl by bettemnidestoodrfiedne thecfillewing desariptionfwhiclbat t er y
of the pr.

nt .| t i . Fl.gu | S spective view, partially in

section, 1§f&gx§ B‘r@‘@ﬁ?ﬁ@’p‘é’#ﬁ% ﬁﬂ?‘p@fw% ‘#ﬁ”!‘%& e-cell battery of the
present invention. Figure 7 is a block diagram of another preferred
enbodi nent of tyts v&’b? | DOV, 31 b LS a bl ock
di agr am of yetﬁ%‘ﬁgtlﬁg?)bgﬁé?%?rge, empir?@nﬁ%?&é %%e%ét&x%?ﬂet he present
i nvention. : Figure2 isa perspective view of another typical cylindrical battery structure.

- Figure 3 is a sectional view of yet another typical cylindrical battery structure.

Figure 4 is a block diagram of a battery of the present invention.

- Figure 4A is a block diagram of one preferred embodiment of the battery shown in

Figure 4.

Figure 4B-is a block diagram of another preferred embodiment of the battery
shown in Figure 4.

Figure 4C is a block diagram of yet another preferred embodiment of the battery
shown in Figure 4. ' '

Figure 5A is a partially exploded, sectional view of a preferred embodiment of a

. battery of the present invention.

Figure 5B is a partially exploded, sectional view of another preferred embodiment
of a battery of the present invention.

Figure 5C is a partially exploded, perspective view of yet another preferred
embodiment of a battery of the present invention.

Figure 6 is a perspective view, partially in section, of a preferred embodiment of a
multiple-cell battery of the present invention.

Figure 7 is a block diagram of another preferred embodiment of a battery of the
present invention.

Figure 8 is a block diagram of yet another preferred embodiment of a battery of
the present invention.




WD 99/ 52163 .

PCTI US9907250W0 952463 e 9 i s a bl ock di agram of another pref er PEHUSIMEH O nent
of a battery of the present invention, Figure 9A is a schematic diagram of
one enbodi nent of an aspect of the preferred enbodi nent of the battery of
‘Figure 9. Figure 9B is a block diagram of yet another preferred enbodi nent
of an aspect of the preferred enbodi nent of the battery of Figure 9. Figure

10 is a block diagramof, y ot her preferred enbodi nent .o bat t of
the present invent ls\'{e%pﬁaﬁ%ﬁ%iwapmmp %%WW%%P{%@S&MPE ed
enbodi nent  of prasdaeiniventionof the present invention. Figure 12 is a bl ock

.di agram of yet anat.her preferyed. enbodi nept of ,a batte of th r

i nvention. Fi gureoﬁlguﬁe 18 &ﬁfbﬁ% iCLgra o o%%?d%@Eg%étﬁg%ﬁ?é&cﬁ%ggﬁ%% of
‘anot her pr ef cemimlimeri of thedhattexyfof Figune 9ery of the present invention. Figure
‘14 is a graph of O 0 | SF | nd
two different pr e%‘%ﬁ%?%ﬁﬁ%%ﬁ%? f‘%egta-ﬁ %*?’lél@e%&? %rgb%@g:s%@n?ﬂﬂtﬁ%%ﬁ?gn'
Figure 15 is thepoeferretbembndingnt of thedotterarof Figurefrat i ¢ di agram of yet anot her

preferred enbodi megy x@floaxs_barobemagmn6ﬂ’ﬁt9ﬁcﬁﬁarp&efbﬂa@mmexﬁio@uw@§d‘f_s a
bl ock di agram,of oneé enbqdi nent of a charge sub-controller as depicted in

‘Fi gure 15: Fi bgPeesent ineenliom| ock di agram of anot her enbodi ment of a charge

sub-control | er as Fgiecitidsla bldckidiagram dffanotier plefdrfed Sribotinteht 61\ Edttefybf the

I NVENTI ON The_present .invention relates to single-cell and nultiple-cell
‘batteries. Th@‘%BeA‘?f"gF‘?t@?' of the present invention can be either primary or
‘rechar geabl e. The Figure124s a biock diageaamusfyet amothdripseferred erbadimentanfd battéryroft 0 a

‘battery or angel &Q? jcal cell that is intended to be discarded after
iits usable ertélglp?%%lgtﬁ S {(;ﬂr“gge capacity has been depleted (i.e., it is not

i ntended to be recFignigdd iva combiaatignsaf arblegkeasyl 2 sthamatisrdingram ef anothpsabl e” and
"secondary" ajReRadnibBliiert GNORARNYof the bldicht ARBAignat | on and refer to a

battery or an electrochemcal cell "that I s intended to, be recharged at
| east once after iF‘S“i?sléHFégapgé’f disehargecharagteaisticepnves for o typicy Bt ed
-_(ih_- e, ilt_ i S ivfﬁ@iﬁé?ﬂtﬁr@feh@d'égobéﬁd)eﬁﬁs of Battdrie® BE the prekbm ihﬁgﬁ‘oﬁ.cogsyrrer" in
this application refers .0 a batter t Jis . intended.to use an
el ectronic or elec ‘SP%SlééWé?%‘“g‘ﬂ?*&%é%f[@Eﬁ%ﬁk %gggxwgig%&a%%ﬁgxei arf%tggrt erm
"single-cell " prefeineed embodimehtiof ebaptetyondithgpresent inyestionl ect r ocheni cal cel |
packaged i ndi vi duagiohreS430a BfocR diagram of one embodiment of a charge sub-controller as
depicted in Figure 15: - : :
Figure 17 is a block diagram of another embodiment of a charge sub-controller as
depicted in Figure 15.

DETAILED DESCRIPTION OF THE INVENTION

The present invention relates to single-cell and multiple-cell batteries. The
batteries of the present invention can be either primary or rechargeable. The term
"primary" is used in this application and refer to a battery or an electrochemical cell that is
intended to be discarded after its usable electrical storage capacity has been depleted (i.e.,
it is not intended to be recharged or otherwise reused). The terms "rechargeable” and
“*secondary" are used interchangeably in this application and refer to a battery or an
electrochemical cell that is intended to be recharged at least once after its usable electrical
storage capacity has been depleted (i.e., it is intended to be reused at least once). The
term "consumer" in this application refers to a battery that is intended to be used in an
electronic or electric device purchased or used by a consumer., The term "single-cell”
refers to a battery having a single electrochemical celi packaged individually such as a
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PCT/ USQ9WDP3E2®3 st andard AA, AAA, C or D type battery, orPCI/Eg$9@¥2s50cell in
a multiple-cell battery (e.g., such as a standard 9 volt battery or a
battery for a cellular tel ephone or Iapktop conputer). The term "battery,"
as used in this application, refers to"a container having termnals and a
single electrochemcal cell, or a housing that has term nals and at | east

subst anti al | 8‘:};[- i éwo or npre electrochemical cells ée. g., a standard
9 vol t ba?“?'é‘%%}‘f M& F I} type battery or g single-eallip a senitiple-celh pattgsy (ogput er ) .
The el ect suchlaguistanbiardedl voit tigesy 610 bmrfmlcen@meﬁpﬁéxﬁ&ﬁdaﬁu% bofipdtenys! ng I f

h cell [t oi.0di vi.dial _cantai ner. A portabl e telephone battery,
For " exan ety Batfet b e f il slGaciong s 2, B GpiaieChving erimnals dcha o o
t hei r ownsingle electdochemicahcell, nea housing thatchas deribgisiaridog déasesubstantiallyhr i nk- wr ap
I ti 2] .l Loy | ' th t t
ol ot e oinrtnd SinofUéobhilbAl Sl (47 o SRR S50 bty R Ebaghll S50, 10
appl i cat i drellulas gelephone oplaptapcomputes).y The elestinchemicakells nesdenot b1 bat tery

that _cont einigiedeleneloseB by fbadhieir 64 bl s 0o gr?ivi&xﬁﬂll%mh% 4 those

cells have di.fferent voltai¢ mec | SNB Suc, otovoltalc, fuel,
¢ t6lenh

S
thermal , B9 qﬁecbgpt,erye?cgm <Ay, Fentain twe or mare glegtroghemical cells ect r ode,
a di f f er ethat gagh havd their eswindieiduslcontailiefs andeané ?ﬁkegédt@bb‘th&e inAshHfierap this

applicati cel l.. is used.to refer generally to voltaic cells
used in alSi gsa{'{cﬁ{é%?al ?ﬁaﬁ‘ﬁ% ﬁlge '89‘3@?10%%%"5%{0%@?’7 @?t maydpt °95‘P{°taq?5é or
el ect r ovognclase thegndividvalicoptairiens effthbeellseabl y and descri bes various physi cal

mechani sms of generation-of electricity including chemcal: In addition, a
hybrid cell may contain. additional ener}gg/_l storage el enments inproving cell

vol tage and cuf# Bsd intiie appligation, thederme Phydrid batteryt inchidesia switiple-cell ul t ra
capaci t orbatiehpihabédritsiheo/or MSkeSoRbic cells SAVRISRRAE]s Yws effm@&ans fhgvd . The

hybrid ce el e ts can be made to replace 1 nactive ce construction
el enents ¥ j‘é'ﬁ"%l@&%@?"?‘“@‘é‘ﬁ su ngqugt'ﬂf”rfa?lst, egpal, elegtochemicak control | er”
as used ieleattunsechmi¢al,cae.iovra differmnselearaieca difierdnt phinof electegdes ofh difRpeit one
I nput  si I O : QG ¢ t b an hat. i s aliunction of
the i npu?a 2‘%‘5%? Rfﬁ‘éé@?‘#gapw con ceb;#tg&"cegng u%%%fﬂlrgfetr&en 8 used
i nt er charidtais aells usedrin 8 bayseryi weluding eleatrochemical cellsa Alsa, voltdingrt ype, i.e., a
chopper - clgdtfovbltaiel cBisRsed M EahgEablyPdnd UekF RS ph¥icien 'of that
converts an i ngutgﬁ v,0) t {;‘2@‘ I oa g r equi r_ezg .DC gﬁt%oﬁﬁ 5%‘??58?{%&{:
conver t ergengratongfglectrietynrlyding chemical Ta-addition; x hybrid celb ymayecontainigul at ed
out put . Telditiomalveretgy storage elements tmproleing mgﬂi dolltage\aﬁﬂ bfﬁﬂagmséﬁ a I I '
st epped- ;2086 ated , val tage of. ut the sang | evel.
Many di f géeﬂré%n e?{s%}pes d(‘)? 3’%%_9!%@@3‘&@%3%0}@%5@ ‘%ﬁ%ﬂ‘%ﬁ GOt 9% CappcIty T o
present iseoendanoeellc Grhedpridicelbelementsisan bef midetarreplaceinadtive selbcorsimetion
regul at or deréntPSiichiaR ibel, s& HillobAssnindly B0, ageous,
The term "controller" as used in this application refers to a circuit that accepts at

least one input signal and provides at least one output signal that is a function of the input

signal. The terms "DC/DC converter" and "converter," are used interchangeably in this

application and refer to a switching-type, i.e., a chopper-controlled DC/DC converter,

also known as a DC/AC inverter, that converts an input DC voltage to a required DC

output voltage. DC/DC converters are power electronic circuits that often provide a

regulated output. The converter may provide a stepped-up voltage level, a stepped-down

voltage level or a regulated voltage of about the same level. Many different types of

DC/DC converters are well known in the art. The present invention contemplates the use

of known converters or linear regulators as possible, though less advantageous,

substitutions for the preferred converters described in this application that are capable of

operating at low voltage levels below where typical electronic devices can operate.




substitutions for the preferred converters described in thlsé%%pllcatlon
that are Capawbes/siéoperating at | ow vol tage | evel s bel ow wh

el ectroni c devices can operate. WO 99152163

PCTI US99/ 07250 9 The "cut-of f voltage"” of an electronic device is the

vol tage bel ow which an electric or electronic device connected to a battery
cannot operate. Thus, the "cut-off voltage" is device dependent, i.e., the
| evel depends on the mninmum operating voltage of the device (the
‘functional endpoint) or the frequency of operation (e.d., nust be able to

char ?e ]? ?paci E or VTHeh'j[cEt-éﬁ' 9bl‘!'&§§¥ bf iiﬁe!é&fdnwﬁewclyfﬁtzie ebmerb@mucwﬁiekmelecﬁnave
.a cut-off voltage in the range VO 0 .abau

Som of ¢ he. dir ARGt FeoiRl T hGRIE et peptst. TS s el ptEvondgsth o o
7V|0| ti. El ect rdevicddependent; ey the kevel deperisruinthé minimum@perating ) vohagfetof&he devigetri c
‘cl ocks, noto age

f hat is neces@ba@ﬂ?t%ngfégeﬁ%ﬁﬁ & eﬁéqc le %p?xjaﬁgn@ maﬂ%tag%ttéo %etg i c
field strong Gpw@hmﬂ)lmmmewmﬁnmt elpetranic devices have acext-offvoliags e

such as 2 1] 3RO 0 onPRRGE PVbl td'sbddf. 2 RHE ﬁtwsdm&@ftﬁyaeai&mmmgsmﬁyt

as the voltage tery powering it decreases,

(e.g., bul b iseuwref Yojtpgars owaasaboutdl? xelte. Elgqtrig deyiges r"&atSP ?@ew@ﬁmwgcen
is power i ng %ﬁ'@Véu%S abamﬂacﬁcwmdeérﬁ aﬁ@bl’éétﬂﬁnedlhﬁcﬂh'ﬂﬁ}fsramflﬂ% sadu-«smll i's
"subject to" t he' cam.off volta

evice in that the batt
provide an od¥ R nbestans i provige shsush R o treatian Sroien g T
vol tage of t i‘strdﬂg\enagmb nedveehd inechdeicalpartsi Okhes klettrinfdevicés, swah asm flashlight,

-el ectrochem cal e i ce,
T el oot ri Bapfely 43 nRLBPEY BubhaliVn g HF S e ALEARE bitlr) SUARE,
‘negative input dmcasemﬂleowmmpowee(ﬁgohiﬂbmmny)wﬂlalspsiecrsm} ect to" a
portion of the cut-off voltage of the device. For exanple, if two

el ectrochem caI cells are connected in series and_ are poweri n% a, device,

each cel |l is "subjiesinglselestrechemical gell is pewering a devics havinggerubpifoliags thec o
If three el e%lmséﬁueﬂlcemlﬂk éw €0"afi8 BRCH L dolt e@efheaﬁmeﬂammhuaamo

power the device, ver ct.rochen.ca
one- third ofm?ﬂé’r?:‘ﬁxem?“tﬂ‘ﬁlvp

| | t
it Bieaima yener i) TeRblbhyRlimle it o) | o
"n" bar et c ;)nnedﬁvmé or elss ¢re desicamdll Moﬂbvlétl:wmgr mhffe alhmwhanumcdlmmgedan
) 0 (o) a
oplect 10" BADbBCle bRBeAl] 0B yUE! L2 el GO B B,
or more el ectmpuinmmailané,ﬁlel nsg@tm inpty mx@a ‘ench elegteachemicalsel) ip Yswbjeghto” a

el ectronic dg,y teéffv&?%g of file! dek,&e Stbt éxanﬁlébifﬁt% eléétroéﬁbﬁuédl kéns are

cut-offvolta e deV| ce ditional]y, i cation
nore el ect roc%%!"ﬁ?‘?,t insgrigsand age PQYFRIIG ﬁ‘?&'?f’@é‘s@gﬁ Q%Pngéﬁff@gﬁ‘e et
connect i on i Soffoolepeof the devisar Hithek elebirbchenicabéellsareconhéuted inlseridsrand laeeni cal

cells, each Ofseahe Swer the gv?@en Eg\;vg\%r Ce%ch Slec‘:f}rochermca &ils &ﬁy "éu%ﬁc?t%wgne-

| third of the cut-off voltage of the device. Thus, if a number of cells "n" are connected in
series and are powering the device, each cell is "subject to" a portion of the cut-off
voltage of the device that may be defined as the cut-off voltage divided by n, where n is
an integer. If two or more electrochemical cells are connected in parallel to power the
electronic device, however, each cell is still "subject to" the fult cut-off voltage of the
device. Additionally, in this application, if two or more electrochemical cells are
connected in series, and that series connection is connected in parallel with one or more
other electrochemical cells, each of the series-connected cells are "subject to" the same
portion of the cut-off voltage as if electrochemical cells connected in series were only
electrochemical cells powering the device.



portion of the cut-off voltage as if electrochem cal cells connected in
seri es wewmo ggas2ye3el ect rochem cal cells powering the devi cepcrusi7asd 52163
- PCT/ US99/ 07250 10 One aspect of the present invention is to extend the
"service run tinme" of a battery. For a primary battery, the "battery
service run tinme" and the "battery run ®ine" are I nt erchangeabl e and are
defined as the tine of the discharge cycle until the output voltage of the
battery drops bel ow the m ni mum operating voltage of the device that the
battery is powdderngpedt ofthe présentiuventibh istolextend the "seivide rde Gt ofu\badtayt he

| b Qh A
eiﬁaus“]zpbglqi the ele troc#gﬁq&?%ﬁh%r Qﬁ:e Cg?tllterﬁ?# d“% ?‘Jf'ery run
time" is bley grehare lgtingdas dhe time ﬂgfll@rdlschargs cydleuntilahe cutput vaitage

devi ce habftl& tatteri drop §bel&hltlwﬁmﬁﬁmﬁl% bﬂauﬂg voltdge off%}ie RXRERNAR th eFfﬂ“t

down when .bat.t er t vol t S oIt even t ou t he

el ectroc hghwggﬁ'g’é&’lt%rﬂt; O?EJ‘HIV ‘? ﬁh‘kﬁf% ofellrua "&?er'sg‘iﬁpﬂénhge

(l; apacity upomiheielegtrochentital selbitselfi.e, ex}iaﬂstmbﬁlltthf dedftt&théttﬂd&l ¢iitapsed
ecause | 4 vol t o driv

el ectroni % %2@? Z@ﬂg&gqﬁﬁlgﬁb?s[cteggﬂ&gu%o&r@? §FY'§= 'f‘m’algah %%?WQN" run

tine, " hoslevies havinga enstofEvaliage of shautd yolts for exasple,hwill shutednwmwhmnheal ener gy

r emai ni ngb the ¢ t har ge

Vit a r&%ﬁﬁxgg e%r&}gktl{egfrvy 1 v?ﬁ\eéeéiﬁho?%}?ﬁl @H&rb&ke&u?ﬁ%lgﬁ/ag kt?lﬁ

nunber of S‘WH @g F%E"?@WBEPSF ﬁéﬂacéxﬁem%mas hinethiscexample, th@aibmery run

ti rrF of t mmaamagewpkeu maﬁserwca]pe{oﬁaﬁgei ﬂd\ﬂi& Hij tlirendgxgh%&a 4 rﬂ,egm{ar ge

cycle unti 0 e.rechargea rops ow t he

cut - of f v81e?%€'§ g d&ﬁ@i’%&q 1§ generally ﬁ‘é? WY S%B%\?F@I |%“B‘P’ 'theweyers char ge

is st oppeha&notplaysedjaecau@nwtdrhasytebuaodheﬁmabéndrgerehﬁhﬁ@ y; The "battery

service run tine" of a rechargeable battery, however, refers to the total

nunber of char /d| schaLeg2 cycles in which each di scharge cycl e has an
optinumrun ti aftery, howeves, "has multiple chasge/diathaegestyelesr Iceni cal

cell is ti’&hﬁﬂg@ﬁﬂé@ﬂt&lﬁ&ﬂe f el i¢ 8iainell As &fé*}iuﬁib%r SP&H d.ﬁdhaféca%&ﬁlés dept h

d I t char ge
e ot B e e img’ e Aiasshl ooy spar o s | o
gf t Ee ]glepf & smgleallschm'ge gyclé il thdmxtpnﬁdmhwmher&:ﬁhﬂge&ﬂl@'ﬁﬂi&?&mﬁs tbhe )
epth o t untlrre nc es ut the’
cy(F:) le |i fﬂélaﬁﬁ(}ﬁéﬁﬁ %ﬁgéﬁg;%gg’rev&cgg%m%ﬁ R nggggng %ﬂ\?é%@?’ as t he
‘depth of Soppefkiogrovide ngraatar cyele bfetafithebattery nThie 'fhatteiyssar\dmueammg oflaut the
cycl e || f echilgeitebitai, doloRl 1iGe 16 R thialFurhe of Bifper a0l RS G2, 5202

221: Et pg]; t %Mﬁaéﬁwégm&%r@fe%ﬂ%‘é&é E%eo} rrg "é‘@dﬁalﬂg@al@f 8 battery a ror

ratio bet reehargedble electedvhergivaldeflidithe time required for the cell to achieve optimal
discharge depth under load conditions during a single discharge cycle of that cell. As
discussed above, the "cycle life" of a rechargeable battery is a function of the depth of
discharge that the rechargeable cell undergoes. As the depth of discharge increases, the
battery run time also increases, but the cycle life and the battery service run time decrease.
Conversely, as the depth of discharge decreases, the battery run time also decreases, but
the cycle life and the battery service run time increase. From a device usage point of
view, however, shorter battery run time is inconvenient. Thus, for each particular
electrochemistry and design of a rechargeable battery a ratio between the discharge depth
and the cycle life can be optimized to allow for a greater battery service run time. One
possible way to optimize the service run time of a rechargeable battery, for example, is to
compare the cumulative energy delivered, which may be defined as the product of the
cycle life (i.e., number of cycles) achieved at a particular discharge depth and the amount
of energy recovered in each of those cycles.




‘and the cycle life can be optimized to allow for a greater battersy servic
run time. OnwQeNSel e way to optimize the service run tine 9/07250
-rechargeabl e battery, for exanple, is to conpare the cumul ative energy
delivered, which may be defined as the product of the cycle life (i.e.,
nunber of cycles) achieved at a particul ar discharge depth and the anount

of energy recovered in each of those cycles. WO 99/ 57163
PCTI US99/ 07250 11 In this application, the ternms "useful life of the
el ectrochem cal cell” or the "cell useful life" are also used regardl ess of

‘whet her the el ect mﬂﬁseappﬁédno@ethb tdrfhs 2usefiil iRy of the eletrichergicaldelt” orcthé 'cefind

Cme onc i1 Aeetuiee e sl i rgerdige st ynefer I BlociBehpmleel i priacy S | °
because t he &chmtgeaiﬂdnaan mlcursdspondatn thn)bdttqumn tiowedin itiihs tlm‘tue@hseﬁdllfdg%@o
drive the degh} ’.y céﬁlsnﬁ l%ﬁl‘e‘ﬁﬁ mL% @Eﬁ%&%h%e%}cl@b ed

S|ngle cel | uI lLife" and

the 'batter yelegtmoqlmcal enllecaangcbongem@wmengugmottm dsive thaxgvicg that it is

respectivel ypo&éﬁ'.& . 199R c¥ll ninbfind"Gh ABing ieaéen%etergmétﬂsd opfedaceal ﬂﬂh thecel |
-battery and le in tha e|t r the

| f are intercha
"battery run ?q f)“fte M@Fﬁ%‘@%@“lt‘%t"ﬁe :@ﬁcexismlyempﬁ dpdyeet f e are
exéI endgd ?r mﬁs&wy tAuamdnhly ﬂtd‘teﬁns/%hite@lrﬁmine" memglé-celelbamgpmn'ddu or
reduce n co

el ect rochem Bé%lcl 4 d’Fh‘ é:[%ﬁl/ﬁ?!rgﬁbéﬂig téa&dfgltggrttlhg éjja ‘*S’w&“‘% @é@?ﬁr@ Ly cul ar

‘i nt er changeabhsteryiot thet"cell beefuilife atd extended or tedueed, fhen thenathermalltalsp Ibe cel |

D e e SRR RRUDIEH bR 1 OFRE BBbeRE, e IR Bl WelI NS ofa

remai ni ng us run’tine e-cel |
battery has phuisuletielectrachomisel cellin a multipieseall hattnrytr$ mtnesfrssw qommmg@ab

el ectrochem Wﬂhtﬁé{ém"'ﬁa@erﬁmrfﬁrﬁé'efo?ﬁla{ mhﬁrfpleeéen uaﬁe%eem@&ecﬁanfceﬁwced the

"battery run t | rre S nec sarily exten n‘g Because t he

"battery run eleptigo 6'3';3’@ ¥e %ﬁ%"%l‘& “Vgi tl‘g"g“é’eBP gitery, i tipe,of
g el | ﬁ in tgetﬁﬁhﬁlﬁ hé—ceﬂb@tﬁer?hhs ¢élapsed eDikewixk, hxﬁtlﬁc'bélfﬂﬂ tin” of aphiticalar )

i scharge dep arge roche e i's
application remp&%caif‘fghﬁé% &gg‘cgtng%e%ﬁ @eaét?{affd‘fﬁg'sthgsbeagw E1nurrber
of char ge/ di sintelisyot mycﬂsmlwmiendpd nmeﬂaeedt&eeausa thet 'battery qun timehmely éem‘-ad ge
cycle of thagpggt ec 1‘[ o\fbﬁgofHB)f'et(%tﬁgr cgeﬁ“ﬁg&{' jeabl e el ectrocheni cal

cell may be I'ca ortened [ I's di scharged bel ow t he
"optimal discharge depth for that cell (e.g., voltage at about 1.6 volts

for.a SLA cell ) /‘l‘hé@ irhd1 96 ro@axseﬁarge"ldrt"lspﬁmal 'd?s@h gé heptﬁ'%fae:éamgeable may
damage the ce r}ﬁ eai «?asw r}E @r Olma? '%8 l |c.|e t}Bé\ure
char ge cycl e§eﬁY"°? gicas ggll as usedyin s applicatio ‘{“N cel B cel I,
however, is misimizéesthy nomber of ebrpy/didtimededygies andoptimiess thenmrtﬂnefnir edchenory"
effects discharge cycle of that cell. The service run time of a rechargeable electrochemical cell

may be drastically shortened if the cell is discharged below the "optimal discharge depth”

for that cell (e.g., voltage at about 1.6 volts for a SLA cell). A deep discharge of a

lithium ion cell, for example, may damage the cell and decrease the number of and the

efficiency of future charge cycles of that cell. A nickel cadmium ("NiCd") electrochemical

cell, however, is preferably more deeply discharged in order to prevent “memory” effects

from shortening the life of the cell by decreasing the run time of that cell in future

discharge cycles.
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The terms "electrically connected" and "electrical connection” and “electrically
coupled” refer to connections or couplings that allow for continuous current flow. The
terms "electronically connected” and “electronic connection" refer to connections in which
an electronic device such as a transistor or a diode are included in the current path.
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may per f ctontroler(9)rof ammultiplé-cell battery may be packaged along with one or more of the

individual cells as described with respect to a single-cell battery, and/or may be packaged

along with a combination of multiple cells such that the controller is connected in series or

in parallel with the combination of electrochemical cells.

The controller of a battery of the present invention may perform one or more of
the functions listed above, and may also perform other functions in addition to the
functions listed above. A controller of a battery of the present invention may contain one
circuit that performs each of the desired functions, or may contain individual sub-
controllers that each perform one or more of the desired functions. In addition, the sub-
controllers may share circuitry such as sensing circuitry that may provide control signals
to the individual sub-controllers.
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conductive, forms the negative term nal 22 ofg%he battery. The bottom cap
18 is electrically connected to the anode 34 of the battery cell 30 via the
Figure 2 shows an alternative battery design in which an insulating washer or seal

25 is shown insulating the bottom cap 18 from the electrochemical cell 30, In this case,
the entire top cap 16 is conductive and forms the positive terminal 20 of the battery. The
top cap 16 is electrically connected to the cathode 32 of the electrochemical cell 30. The
bottom cap 18, which is also conductive, forms the negative terminal 22 of the battery.
The bottom cap 18 is electrically connected to the anode 34 of the battery cell 30 via the
current collector 26. Separator 28 is disposed between the anode and cathode and
provides the means for ion conduction through the electrolyte. Primary and rechargeable
alkaline (zinc/manganese dioxide) batteries, for example, are typically packaged in this
type of arrangement.

Figure 3 shows another alternative battery design in which the electrochemical cell
30 is formed in a "spirally wound jelly roll" structure. In this design, four layers are
disposed adjacent each other in a "laminate-type" structure. This "laminate-type"

structure may, for example, contain the following order of layers: a cathode layer 32, a
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cells may be constructed in other
Each of these cells may also include various forms of safety vents, operating vents

for electrochemical cells that need air exchange for operation, capacity indicators, labels,
etc., which are well known in the art. In addition, the cells may be constructed in other
structures known in the art such as button cells, coin cells, prismatic cells, flat-plate,
bipolar-plate, or thick/thin film-based cells, etc.

For the purpose of the present invention, the battery "container” 12 houses a
single electrochemical cell 30. The container 12 includes all the elements necessary to
insulate and protect the two electrodes 32 and 34, separator and the electrolyte of the
electrochemical cell 30 from the environment and from any other electrochemical cells in
a multiple-cell battery and to provide electrical energy from the electrochemical cell 30
outside of the container. Thus, the container 12 in Figures 1 and 2 includes a side wall
14, top 16 and bottom 18 caps, and positive 20 and negative 22 terminals that provide for
electrical connection of the cell 30. In a multiple-cell battery, the container may be an
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battery 610 of the present invention in which each electrochemical cell 630 has a
controller 640 inside the cell's individual container 612. In this embodiment, the battery
610 contains six individual electrochemical cells 630, each having a nominal voltage of
approximately 1.5 volts. The battery 610, for example, could also contain three lithium

cells, each having a nominal voltage of approximately 3 volts apiece. Other multiple-cell
battery constructions are known in the art and may be used to house a controller 640 of
the present invention. For example, multiple-cell batteries include prismatic batteries,
batteries having individual containers that are at least substantially shrink-wrapped
together, plastic housings that contain multiple single-cell containers such as camcorder
and cellular phone batteries.

Figures SA, 5B and 5C show partially exploded views of three embodiments of the
present invention for single-cell cylindrical primary batteries 210, 310, and 410. In Figure
5A, the controlier 240 is placed between the top cap 216 and the insulating washer 224
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battery 310 via conductive side wall 314, which is in electrical contact with positive
terminal 320 of the conductive top cap 316 of the battery 310. The positive input 346 of
the controller 340 is electrically connected to the cathode 332 of the electrochemical cell
330 via conductive strip 336. The negative input 348 of controller 340 is electrically
connected to the anode 334 of the electrochemical cell 330 via current collector 326,
which extends from bottom plate 319 into the anode 334 of the electrochemical cell 330.
In such cases, the current collector 326 and the negative input 348 of the controller 340
must be insulated from the negative terminal 322 of the container 312 and the negative
output 344 of the controller 340 if the controller 340 uses a virtual ground. Alternatively,
the controller 340 may be placed between the top cap 316 and the insulator 324, or
attached, affixed or joined to the outside of the container 312 or the label of the battery.
Separator 328 is disposed between the anode conduction through the electrolyte of the
electrochemical cell 330.
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Figures 4, 4A and 4B show block diagrams of different embodiments of the

battery 110 of the present invention. Figure 4 shows a block diagram of one embodiment
of a battery 110 of the present invention utilizing an embedded integrated controller
circuit 140. This embodiment preferably utilizes a mixed-mode integrated circuit that has
both digital and analog components. The controller circuit could alternatively be
fabricated using an application specific integrated circuit ("ASIC"), a hybrid chip design, a
PC board or any other form of circuit fabrication technology known in the art. The
controller circuit 140 may be placed inside the battery container 112 between the positive
132 and negative 134 electrodes of the electrochemica!l cell 130 and the positive 120 and
negative 122 terminals of the battery. Thus, the controller 140 can connect the
electrochemical cell 130 to or disconnect the electrochemical cell 130 from the terminals
120 and 122 of the container 112, alter or stabilize the output voltage or the output
impedance of the cell 130 that is applied to the battery terminals 120 and 122. Figure 4A

shows one preferred embodiment of the battery 110 of the present invention shown in
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Figure 4C shows yet another embodiment of a battery 110 of the present invention

having an integrated controller circuit 140 wherein the controller circuit 140 includes four
main components: a discharge sub-controller circuit 102, a charge sub-controller circuit
104, an emergency sub-controller circuit 106, and a sensing circuit 105 that provides
voltage control signals to the discharge sub-controller circuit 102 and/or the charge sub-
controlier circuit 104 based upon continuously or intermittently sensed operating
parameters and/or physical conditions. The sensing circuit 105 may measure operating
parameters of the electrochemical cell 130 such as the cell voltage, current drawn from
the cell, phase shift between the cell voltage and current, etc. Additionally, the sensing
circuit 105 may measure operating parameters of the integrated controller circuit 140
such as the output voltage and current levels, charging voltage and current levels, etc.
Further, the sensing circuit may also measure physical conditions of the electrochemical
cell such as the temperature, pressure, pH, the hydrogen and/or the oxygen concentration,
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‘104, or both gfe battery by providing a safe deep discharge to use more of a primary battery's stored

| energy or by optimally using the stored energy of a rechargeable battery before
recharging. The charge sub-controller circuit 104 safely and efficiently controls the
charging of the electrochemical cell(s) 130 of the battery 110 in which the controlier
circuit 140 is integrated. The emergency sub-controller 106 disconnects the
electrochemical cell(s) from the battery terminals when the sensing circuit 105 detects an
unsafe condition such as a short circuit, an inverse polarity, an overcharge condition, or
an over discharge condition. The emergency sub-controller 106 also provides electrical
connection to by pass discharge controller if load requires high safe current that, however,
exceeds controller deliverable current rate.

In a preferred embodiment of a primary battery of the present invention, however,
the controller 140 would preferably include the discharge sub-controlier circuit 102, the
emergency sub-controller 106 and the sensing circuit 105. The sensing circuit 105
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addi tion a charge su roller circuit 104. The charge
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directly monitoring the conditions of each particular cell, the charge sub-controller 105

can provide better safety and efficiency than a known charging controller that monitors a

battery having multiple electrochemical cells. The charge sub-controller 105 minimizes

losses by utilizing the instantaneous charge value of the cell(s) and the maximum capacity

of the cell to continuously optimize the charging conditions.

Each controller may include one or more of the following sub-controllers: (1) a

discharge sub-controller 102, (2) a charge sub-controller 104 and/or (3) an emergency

sub-controller 106. For ease of discussion, the controller functions are described in terms

of sub-controllers. Actual realization of the controller 140 of the present invention,

however, does not require independent circuit implementations for each function because

multiple functions that are performed by the controller may be, and preferably are,

combined into a single circuit. For example, each sub-controller may have its own

internal sensing circuits for measuring one or more operating parameters of the controller

and/or physical conditions of the electrochemical cell(s), or an independent sensing circuit
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increased if the rechargeable cell is allowed to discharge beyond the cut-off voltage of
that device.

In this application, the term "deep discharge" refers to allowing the
electrochemical cell(s) to be discharged to at least 80% of the rated capacity of the
electrochemical cell(s). In addition, the term "substantial discharge” in this application
refers to allowing the electrochemical cell(s) to be discharged to at least 70% of the rated
capacity of the electrochemical cell(s). "Over-discharge" is referred to in this application
as discharging the electrochemical cell beyond 100%, which may lead to a voltage
reversal. A typical alkaline battery on the market today, for example, is generally capable
of delivering approximately 40 to 70% of its stored energy capacity before the voltage
level of the electrochemical cell drops to a voltage level that is insufficient to drive a given
electronic device. Thus, a sub-controlier of the present invention preferably provides an
alkaline cell that is capable of greater than about 70% discharge before the battery cuts
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vol t age tconferterthitedneertsithié voltage of voltaic cells to a desired output voltage of a
primary or rechargeable battery. The discharge sub-controller 102 may continuously
convert the voltaic cell voltage to a desired output voltage over the run time of the
primary or secondary battery. Thus, a hybrid battery having a sub-controller design that is
capable of operating at a lower voltage level than the sub-controller of another battery
will provide a battery capable of being compatible with typical low voltage generated by
many voltaic cells, such as photo, fuel, thermal, and mechanical cells. Voltaic cells
discharge sub-controller 102 may provide additional energy if the hybrid battery contains
a primary cell. Discharge sub-controller may also use voltaic cells to charge secondary

- cells or provide additional energy.

In preferred embodiments of the present invention, the converter operates only
when the cell voltage falls to or below a predetermined voltage level. In such
embodiments, the internal losses of the converter are minimized because the converter
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the class ofdeyises faravhich the hp szgte tg,oyer & B1pst ye ® about
0. 15 vol ts péomsrollradesignéd fof bperation with an electrochemical cell having a nominal voltage of

about 3.0 volts, however, generally may have a predetermined voltage level is in the range
from about 2.0 volts to about 3.4 volts. Preferably, the predetermined voltage is in the
range from about 2.2 volts to about 3.2 volts. More preferably, the predetermined
voltage is in the range from about 2.4 volts to about 3.2 volts, Even more preferably, the
predetermined voltage is in the range from about 2.6 volts to about 3.2 volts, with the
range from about 2.8 volts to about 3.0 volts being yet even more preferred. The voltage
level of slightly greater than or equal to the highest cut-off voltage of the class of devices
for which the battery is intended to operate being the most preferred.

When the cell voltage falls to or below the predetermined voltage level, the
discharge sub-controller turns the converter on and boosts the cell voltage to a desired
output voltage sufficient to drive the load. This eliminates losses of the converter that are
not necessary when the cell voltage is high enough to drive the load, but then allows the



voltage, nore preferably in the range from about the highest cut-off,

vol t age eboddsz163 ass of devices for which the'battery i s POTAISIN25D
operate to about 0.1 volts plus that cut-off voltage, and even nore
preferably in the range from about thﬁ hi ghest cut-off voltage of the class
of devices for which the battery is i tended to operate to about 0.05 volts
plus that cut-off voltage. For exanple, an electrochem cal cell having a

nom nal voltage of about 1.5 volts generally has a predeterm ned voltage is
in the rel ngeoogmvebepﬂatwgmmego\dwbajgan\@naﬂ@mhepeé voliagesdropsbalaw the v t he

predeter]avaqg Mféd&é%véﬁle‘lﬁadﬁkﬁxl'ﬂﬁ'&ﬁ\}éﬁh 19 e mitindurk Qpbratiag'd about 1.6

vol ts. ngerablé&‘d' prede erm ne oIt,ae IS | the ra Peeceﬂetween
about 0. §° the-cage,pk &, prImpRry ¢
pr edet er untilahle velll voligge ofthe cell mmmgeoﬁmammha whu&hﬂ-eomweabout 1.2

even ror e S/ 8% Rt HE K PuBe i chtrdindche iy @3&%%%’8% Vot o “eqbal “to
t he hi ghcomparator afid electranigswitch combinatian shap turds on thescohvertexiwhen théweellbat t ery
| S intenggy Ql B%é‘ Qﬂét@ﬂmhﬁfv g& ﬁ@ﬁxaﬁ%on‘fpléyamtﬁ@ﬁ&feﬂ*eé EiIchdeS' gned

for operat| Iectroc g a nom na tage of
about 3. asthg IOPSS @Mﬁh‘@eneral |y may have a predeterm ned vol tage | evel
is in the range fromabout 2.0 volts to about 3.4 volts. Preferably, the
pr edet er m ned volta%?yis in he ran e fr.om abou olts to about 3.2

2.2
Vol ts. More pASHEYSH pactery,af e suesear Ay sndan Joat fsdssiened 9% a given OB f r om
about 2. golvagetispreferatiipable fo éxterad the serfvice fumtime oﬁtheftnttaig'lwhertxhsmecbdﬁterm ned

Vo1 820 biwky i 005 B B lntn’n Gl el R sl " e
pr ef er r epirovides uniformeps stapdard output volgagel ipdependeant of thna:nll electeoghgmistry orhe -
hi ghest Guai@Edl M@k&gﬁﬁecﬁﬁmﬁ{ei e THiE e E%{tteﬂeé{fgﬁé %Js&it 1%%&1&8? fs*]ﬁef’@ﬁbfgygr y Is

i nt ended .t 9 opera elng t mpst’ pr erre voltage falls

to or beflesigneddo gxtend ite pervige sun tyne by maingajring the qutpityvo aseg@f the; battes¥iet ol | er
turns thgl&ehyeitethaftior aquhl hﬂmétcﬁt-bﬂ'@olt@éd ot\acgwagdbvioe vatilihs buicingub-put

vol tage suffi vethe | 1,m na

convert ePopllEr s i8R pibdE e VRUEF 6 1 Rt ARBRETGeIBIRT gPPeif o o
drive t hieveldwelyw whichithe subatdntodler ¢an no lonyger opéra@] 68when a rechargeable _
PCT/ US99 gﬁbe‘ (ﬁﬁ.}“r E&ﬂ% even after
the cell éﬁ&lgt age‘%gfgéf;&rg OW{Q ag\a/%#ha}%q%%dﬁ g‘?l ve E?'gad until the
cel | vol inygat éﬁéﬁle%'ﬁte P RPWERR spreHicialactyonisdexige opp naeawWSlASY BY ter in the
case of gleptroni® d¥vices!thattave snﬂnlhmtml@ esPmayE 5&1 eaiﬁaﬂlyaieeighéd tountil the

gﬁlbl C\(;g![ tf’g 2 Of?ﬁff?ﬁée'llaﬁ{ym h’fgs’r'%doi)elfr"n‘g‘eﬂ Sggé%ﬁf"r% ﬁgchanl sns

from a sivoltdge(s)of thoye devicgis)rmorerclasely. el ect roni c SWI tch conbi nation that
turns on the converter when the cell
Second, the discharge sub-controller 102 may also be used to extend the service

run time of a rechargeable electrochemical cell by optimally discharging the cell in order
to increase the number or the efficiency of charge cycles. In a sealed lead-acid cell, for
example, a deep discharge may damage the cell and/or reduce the number or the efficiency
of future recharge cycles. The sub-controller may, for example, control the discharge of a
particular type of rechargeable electrochemical cell so that the discharge cycle is ended
when the cell voltage reaches a predetermined voltage level that is the optimal discharge
depth for that type of or that particular electrochemical cell. In a lead-acid rechargeable
electrochemical cell, for example, the predetermined voltage level is in the range from
about 0.7 volts to about 1.6 volts, with about 0.7 volts being more preferred. In a lithium
MnO2 rechargeable electrochemical cell, for example, the predetermined voltage level is
in the range from about 2.0 volts to about 3.0 volts, with about 2.4 volts being the most
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hazardous to the environment, expensive, etc. and are used generally only because a

particular nominal voltage is required, such as a mercury cadmium cell, may be replaced

by safer, more efficient or cheaper electrochemical cells having their nominal voltage

stepped up or stepped down or their output impedance altered in order to meet the

required nominal voltage or output impedance required by the application.

For example, an electrochemical cell having a nominal voltage of about 1.8 volts
or higher can be packaged with a sub-controller that steps down this higher nominal
voltage to the standard nominal level of about 1.5 volts so that the battery may be used
interchangeably with a battery having a nominal voltage of about 1.5 volts. In one
specific example, a standard lithium cell such as a primary lithium MnO2 cell having a
nominal voltage of approximately 3.0 volts may be packaged in a battery with a step
down sub-controller so that the battery has an output voltage of approximately 1.5 volts.
This provides a battery having at least two times more capacity than a battery having an



I nvention that cantains at |east one rechargeabl e el ectrochem cal cell that
is prefevedbysziea deeply di scharged beyond an*opti nmal di s®EAAMRMR h, a

di scharge sub-controller nay be used to increase the service run tine of
the battery by ending the discharge Cﬁéle when the cell voltage reaches a
predeterm ned vol tage | evel or when t cell internal inpedance reaches a
predeterm ned internal inpedance |level or as indicated by any appropriate
built- in chem cal sensor. Third, the discharge sub- controller may al so

step dowslegtrechemical cell withje neminal valtage efichent 115 volts apd thersame vglumen dhi nal
YﬁLéZ‘gﬁc?ﬁ"g F{ﬁ‘f@gt“?ﬁiﬂﬁi%“?gﬁagﬁé%‘fgﬁ}f “*%QWPZ:‘S‘;:“%:"“ “i‘“’%ﬁ;p”t

ext ends StARAATE A W’W%WW%?‘F@ atfery, wit Bt toy “‘g‘ﬂ@)ﬁ{ c

l/ glt te ; Sggﬂ@daﬁuim High pggem nFertieer] 4 rechargeabld lithiahd ion heWhas?x norhihalreltaga ;) ;ngg alof
Uhe. or eapt ety 4D B rh 56 B8 B Beckandt in B Syl o dhab el lg, O

nonmi nal thet thgqmglam!l battexyhas @n output veltage of abaut lt4voltsutThetlithinpddmnce of aOI
certain esire

| evel ei tger to | ?%@gse@%gnﬁ%%;:gﬁ;to a‘fﬁ:"zﬁwﬁmﬁ% @tg-%mgzr{cal cel l
wth oth lechattenyn r

efficien aen’ty bf'@s:ﬁél%&ll BHOE 61 NVMERittery Havihgdh@ sintd wolhme, t ype of load. In

addi ti on, electrochenlcal cells that are |neff|C|ent hazardous to the
envi ronment, expensive, etc. and are used generally onIy because a

particul ar nomddnionultyl, batteries having)electesthemicahcells suchasr glithjunt i um cel |, may

havi ng. ¢ aBnebel Moyl a%faluiﬂ i oft 1 B0 SOl GRS Brou 31 1
i npedancuolts angraan bem@ndar wxﬂhestnmd batterybaving k noshinalyoltage Qiﬂt put
i npedancgygiqy 6&6 IN’otfdﬂE: &H%ﬂ'&@ﬂt't Sggl'tiesﬁ%c;h@ﬁﬁc%l celis b@h;zd rochem cal cell

er can ckaged with

h t t
aaghggcgﬁ{t]&g]m{@ﬁab\c@&p? &%sffélt MO@ f?h@r%hgwsﬂ cells ¢4 gae Ragks; ef ffba

st andar dhyiaid mﬂen} s, dlﬁ‘e&hﬂtybeéloﬂ)auehéﬁ\@hgtd'mtreﬁtfwech@bhmyalrastauslbg used
In one ?E@Em Sugbdrind VORAES!o it oRafh e el be Ut R ne @8R br 7 b o

- M2 cel attgries mayrbmaianwfattumgéamhgd@mm itypees of gleGtrachemiicabeellapnde
packagedvblga,@cggts{la{gsm%ow tﬁerﬁfa?fﬁxéiﬂ%bh?ﬁgalv _troI |l er so that the battery
ely 1.

has an output voltage of dppr oxi’ mat 0 ts. This provides a battery
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99/ 5|2 163 . ] Alterr}atlvel , electrochemical cells that have nomma]! voltages below'?ﬁfmlgi 07 Zﬁo '
GGG N e I e e e R S
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having this type of electrochemical cell to be used with a device that requires a higher

voltage level than the cell would otherwise provide. In addition, the battery having this

type of cell may also be used interchangeably with a standard alkaline or a zinc-carbon

electrochemical cell. This may provide commercially-feasible, usable batteries having

electrochemical cells that have not otherwise been considered for consumer use because

the nominal voltages were too low to be practical.

Additionally, several voltaic cells that have nominal voltages below that which a
typical electronic device will operate may be used with a discharge sub-controller having a
built-in step-up converter to boost the nominal voltage. This allows a hybrid battery
having this type of voltaic cell to be used with a device that requires a higher voltage level
than the cell would otherwise provide. In addition, the battery having this type of cell
may also be used interchangeably with a standard alkaline or a zinc-carbon
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The same is true for physical mechanisms other than chemical used for generating
electric energy. Typical single photo, thermal, fuel, and mechanical (e.g., PST) cell have
their output voltage far below standard device or other electrochemical cell voltage. The
present invention allows to combine low voltage voltaic and standard electrochemical
system in a single hybrid cell or independent cells to power devices requiring voltage
equal or different than hybrid cell or independent cells.

TABLE 1

Electrochemical Cell _Iyges and Nominal Voltages

Primary Cells

Type of Cell I Nominal Type of Cell Nominal
Voltage Voltage



hybrid cells that have not otherw se been considered for consumer use

because t W® 9963163a

meant to

reserve el ectrochem cal

i nventio
el ectroc
I mpedanc
battery

primary

battery.
used tog
| ndeed,

vari ous

and alte
ever
electric
| npedanc
order to
i nt ercha
advant ag
permtti
cells. F
vol t age

to the v
nmechani s
single p
out put v
vol t age.

st andard
cells to
cell or

Vol t ages
Noni nal

PCTI US99
1.6 volt

be excl usive, but

n. For exanpl e,
hem cal

r at her

different typ
cells that have different nom nal

C

vol tages were too |low to We practical
lists exenplary primry,
cells that may, be used in a battery of the present
of primary and/or

vol tag

es or
el

. PAEIS929/07290s not
secondary and

rechar geabl e
I nt ernal

e used
S Y

-
”

9 v%,lt

=

.,UIIVK:”
1L

Fi

filgm

Oy Lol T O LIL? A%AY

Mereur

bef pr

| CQLU a urir vo

a |

T8 s o1

—a—standar
| Magngsium-Organic glegtsolyte\| 6 valtsha |

Mereurie @xidey, ¢

pwithMin@2a hybrlid nul tip

HeA proltaar y

| ¢-cel |

MagpesismMnQ2:d/ or rese
battery ofthe pr

2.8 wvaltsl s
bsent i nve

ZincpAiesent i nvang ivefts al

| OWRhiRhSSIR] Elebtrél

yfehange

PP s et

CeftonPiné' eClTjOCs &g al

(]

hhﬁmmbzl)e{ weell el ec

3t TS ca

I R A R

jthiom

1 C;ll\/
&‘i ct

Hi1.3 ol

Lo |

3h a¢

jthium 02 nal

cet 37

vapgyac

vaoltaage

L SilverrOxide: ont

thypeoltsf e

bithinoc$Q612c al

cells

C

TQJ, \w an vy
0 ts
Bevaltdj us

all ow a Iarger

vari ety Secowdiiry Celle be used in making

ngedlype op@eller |
b of particular ae{y@&
VVI

eSNoBﬂﬁile

ries nay

>of an

cof eI 1y de

['ect r ochem cal

i)

‘Qltltél.cg&@ﬁﬁ{lg‘ﬂc Qlé Yo've

l. Ual. Tl l TS [‘| [al.
n1? tﬁﬂ e used

ham nal

‘uUIIL al

to cre

\mJ taqges of ele

L8 Rl i

ct rochenic

- cel |
kal | ne
jeabl e
My be
Nt i on.
ween

cells

t han
t he
but

fed in

ake
e still

pes of
andar d

| cells

y-el-s h\l covgrti aTel the

n
S

i HighsTermpesatueenki(AD- FeS2e
bd for generating el ect

F.@rvgitsysi

Edison (Fedl| s {12 veltst a
h Nickel-tdantum| |

Adhdnasair (€. 0.,

PST)

Cpbl V&]@VG

ri c ener-gyj

Cal

Typi cal
hei r

hexideher t han dhenical u
fiuelvolteind
DNickeEMefd D€l g
ﬁpgn&r esent ir

d
|

ot ner

Eeat-4cid OF

ala kb b

el eC[I'

ows to conbi ne Iow vol

ool l

el l

%81%

e

| nrlnna

£

W BhaRgar
Ricket HYAree <

ventlon a

l IHﬂ.h

Ir

e e

o

AYA>2 B |

iffer

=
”

qp ‘qultﬁn

|L

hinpr-polymerfic V6013 |

T3P evoltand

2118 IR
| Znpigiry Cel | s

Thaolss ce

Lithium-ibip @-AakCo02

4.0 Tyahs of

[tsclll
T bulurl
AN inc 1.6 volts

Vol ta

ge

15" voltsy
07250 28 Wercad

Resele CAOT TS

CTihT am Fesz

S

Type of Cell Nominal

Voltage

 Type of Cell

Nominal

Voltage

Cuprous Chloride | 1.3 volts

Thermal Li-FeS2

2.0 volts

Zinc/silver oxide 1.5 volts

¢ and
ent

hiybrid
Nom nal

Cel |

VWO 99 52163

In addition, otherwise incompatible electrochemical cells may be used together in
hybrid batteries specially designed for particular types of applications. For example, a
zinc-air electrochemical cell may be used together either in parallel or in series with a
lithium cell in a hybrid battery. The zinc-air cell has a nominal voltage of about 1.5 volts
and a very high energy density, but can only provide low, steady current levels. The
lithium cell, however, has a nominal voltage level of about 3.0 volts and can provide short
bursts of high current levels. The discharge sub-controllers of each electrochemical cell
provide the same nominal output voltage and allow for an arrangement either in a parallel
or series electrical configuration. When the cells are in a parallel configuration, the sub-
controllers also prevent the cells from charging one another. The sub-controller for each
cell can be used to connect or disconnect either or both of the cells as needed by the load.
Thus, when the load is in a low power mode, the zinc-air cell can be connected to provide
a steady, low current, and, when the load is in a high power mode, the lithium cell or the



Mercuric Oxide 1.35 volts Magnesi um Organic electrolyte_ 1. S
?‘é’r’\‘,’g’f%ﬁ%ﬁ th

Mercuric Oxi (WO99/5206% volts Magnesi um MhO2 2

MhQ2 Zinc-Air 1.4 volts Lithium Solid Electrolyte 2.8 volts
Car bon- Zi nc 1.5 volts Li t hi um Mh 3.0 volts

Zi nc-Chl ori de 1.5 volts Li t hi um ( n 3.0 volts

Al kal i nevnQ2 1.5 volts Li t hi um S02 3.0 volts

Si | -xid 1. lts . i thi oC12 . 3.6

Slec\(;ﬁzi ar yl Ogl lptg\um aF;é tﬁg zn&?ﬂr cellsLlln mb” irnpgqlson can provide the Wragnt Jecesiary Yoogl)év%r
Nomi nal Vol t age load. ' Vol t age Sil ver-cadmi um
1.1 volts Zi nc- brom ne 1.6 volts Edison (Fe-Ni 1.2

volts Hi gh Tenperature Li(Al)- FeS2 1.7 volts oxide) N ckel-cadm um
1.2 volts Al uni Hybridsbatteries may also contain maiy different combinatisins pfelg¢trochemical 2

volts Lead: aci . : | i ogen

1.2 volts ?@g E&Pear?ﬁg#naa%?ng Wndgry ceﬂs,%gﬁ%%%]d% vgg’l-sgﬁlg a}gb’ﬂﬂ g1. 5
volts  Lit hteservposlisnen primary,sgondary aml rgservs ealls ZFuhes; 3 hybrid battery mayzlspy) ¢
IC_JIe][ Ihls U_Ir[* ' g”oﬁogglli{f Q@Q%biﬁgtionn%flﬂon@ offors el%?&_f_ﬂérgiéhl}f&lls :lulld onelor nore h&cﬁNtci)cﬁ_ﬁ!i g Ir ve
Vol t ag ey P power supplies such a5 & photo, thermal, ﬁ-‘%g‘{)‘aﬁ)‘g‘“@% gl cenventiopal cap@ﬂgr

VO: ES | Thgé_ﬁt&! edehaE?ﬁe?/ultra—capacitor. For Exd'ﬂlplé} :atl@}[)ﬁ'd battery hnap cox(tflihal:embinaﬁoﬂi .
volts In additipn erwi,se incompatible. el ectrochem . use
toget her in hSASPRY a‘%ﬁ}ﬂ”eﬁ"ﬁ&w&ﬁg&%ﬁ’ hi’?‘ﬁ'.ég i aBﬁ@'&e‘fo&‘pg é:r%@gl’ gg'feéir]%r;%gsap ‘g

appl i cat i ons. super capacityy| doreover,hybed batédries may alsocoutal awlcomhmgtmeofayed;r

t oget her eit hﬁ\!bré &tﬂ@&@vjfﬁllleﬁ\%né&eﬁ?&ﬁvé\?‘gﬁ Rs! ithiumcell in a hybrid

battery. The zinc-air ce as a nomn age of about 1.5 volts and a
very high energy density, but can only provide | ow, steady current |evels.

Thg lithium 93' ¥ hﬁﬂpﬁgﬁthe {lﬁ&ﬁrg'hhiﬁglr?oﬂﬁblléﬁta&%% e{x&‘ﬂﬁ_lf_lhéﬁea\ﬁmﬁh tithedol t S
and can provide short burstg of_ hi Gurr evel s, schar ge,

sub- cont r ol | ebaltegy bk%."@FF"@P%@Fr‘%"&H@%?%‘Fﬂ Béﬂﬂ é&?‘BW‘H"é“Pﬁé‘s ié?r?@a?llﬁﬁ?af‘fépe

O:Jt put VO: tagépe?ﬁlibf _ nadﬂtﬁw\eléafochémm‘h Ircamle@mpmiel nfsiahbedwérrthalacemaroahgf!l-‘mr seri es
el ectrical configuratiop. the cells.are in a i on,
t he sub- cont ?’fﬁ"ﬂ’!ﬁ’ gheaﬁugb‘m\é&@seé r‘.‘%“ytl’ﬁ"é"e'c“zlf'g’%“}?"é‘ ltna% %‘gdgiér?ﬁ{ %r%gemléno %‘g{ﬁy The
sub- cont r ol | eefféctin thacéll and decrsasingtheurtime of therelestrochemichl cell{s)nThe cusranher or
both of the cilhg aR%ddARARRI BY elbdfoch@fital cells such as alkaline, lithium, NiCd, SLA, metal

hydride and zinc-air cells.

The discharge sub-controller may protect the electrochemical cell from current
peaks by providing a temporary storage of electrical charge at the output of the sub-
controller so that the temporary storage may be utilized upon immediate demand.
Therefore, a current peak demand may be completely eliminated or significantly reduced
before it reaches the electrochemical cell. This both allows a battery to provide current
peaks higher than the electrochemical cell(s) can provide directly and protects the
electrochemical cell(s) from current peaks that may be detrimental to the cell components.
The temporary storage element is preferably a capacitor. This capacitor may be any type
of capacitor that is known in the art such as a conventional capacitor, a thick-film printed
capacitor or even a "super/ultra-capacitor." Figure 13, for example, shows capacitor Cf
connected across the output terminals 1320 and 1322 of the container 1312,

A single discharge sub-controller will preferably extend the service run time of the
battery by both protecting the cell against current peaks and by converting the cell voltage
to a desired output voltage. For example, a preferred embodiment of the sub-controller
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capacitors," in the same hybrid battery.

The increase of interchangeable types of electrochemical cells could also allow
battery designers to provide standard primary or rechargeable batteries to decrease the
reliance upon batteries custom designed for particular devices such as cellular telephones,
laptop computers, camcorders, cameras, etc. A consumer could simply purchase standard
batteries to power a cellular telephone, much like a consumer would presently purchase
for a flashlight or tape recorder, instead of having to purchase a battery specifically
manufactured for the particular type, brand and/or model electronic device. In addition,
as the number of standard batteries manufactured increased, the cost per unit would
rapidly decrease, resulting in much more affordable batteries that could ultimately replace
specially designed rechargeable batteries. Further, primary and rechargeable batteries



battery by both protecting the cell against current peaks and by converting
the cell vol "Q#9/52863a desired out put voltage. For exanpl e, aPﬁlﬁfSé'PfPBé"
enbodi nent of the sub-controller WD 99/52163 '
PCT/ US99/ 07250 30 can turn a converter on lwhen the cell voltage drops to a
‘predeterm ned voltage in order to mnimze | osses associated with the
converter. The sane sub-controller can noniter both the cell voltage and

the output load current and turn on the converter if either t cel |
vol t age reacfruld alsebepeeddnterchangeably withcaeh othet | F %Fx%mei‘ggﬁ%‘gﬂ?@mler eaches

a predeterm Bﬁf&n@ybf@mbtdp%ﬂ{ tefwiefd Sdhbhst&l, Yhe usBEcouldd pirchdse phinﬁfy baeegries
nmoni tor both t{] 0I~ta and the OUtiEl? | oad ‘Egtﬁr %‘F determ ne if
suppl yi ng t htha ESAE usp pritil dhe pser eQul aregable,

cut-off volt b:;tenleev'ﬁhe uden cmﬂé alsaptmhasexeswpk;mnmmhatmbs fchﬁnseodtﬂelot n@d
operating up | mne if
t he converterg&a&u%\@gg&ﬁ%}{our ne ﬁ% c@ﬁ&‘ bk%‘r'%dre%gg%é{lme?@\t}\g@éﬁ t he
sub- cont r ol | expensivebattenies.he converter if either the ceII vol tage drops to a
predeterm ned voltage | evel, or the output load current rises to a
‘predeterm ned current |evel . These | ong wi th of her, possilhle control
schenes, are di scﬁ@@ﬁume@@PmsB@!Wﬂt?ﬁ@wmwaﬂm&%l%c?@fiat es
to speciali Zﬂdob@b&e@tb@%sx?ﬁtd‘ﬂk'exﬂﬁ aﬂdar :ﬁ@msahg , Bidéd £id/ BF renfiitiy as

AAAA,  AAA, t {
cont enpl at es ‘“fﬂ?c%gte‘hﬁ F&gﬁeﬁ 388“%?'1 WP& ‘ifif’?‘?! i ti%ﬁﬁd’"ﬁﬂfrq?’ﬁrgﬁ Jevebr i es
t hat coul d binterasldmpedanee, ieti so thaph I'snedri” aiesice tould scadthe elequrmidabidling asdese

ialized Lter i |
spest o 2 BB SoApAplRI B GLbRy M A5RS, SR ey
conputers, etun timevf thh battesy,cale.r Amamyral which alteady wlhaesmctmmy labeligg tormar y

‘bat t t d of
; :ameer : ﬁs adgf‘?tjﬁhgﬁlg} %t?eefl E{?Pé)fa e,ggéﬁl& o biftfife é?éé?l‘bgf?: la%éi:ﬁg fé'cﬁtmloﬁve\{'i'ﬂp 0

P I VI uaI R}‘lﬁcontr t he Ou%@sﬂ'{ Vo| t age
and out put i ifpbetesieatol %@reélwrmrgewmei Slashs stppise piihe gt gn
entﬂlj rel %/ newoﬁdé?ftﬁo nutbdhfelsdrvib%trh@ﬁme%fﬁ particalacbaiely, eA@mo t%ﬁmmw utaarJel S l n
-conbi nati on al te | ower suppl.i.es er na

mechani cal ¢ @H@E\fﬁ ‘E&'ﬁﬁll SXE&)‘E@ prmpecth f“°§€%‘ﬁ°m§Lﬂ?§W’B e{e“ft
capacitors, pimhculhebmms by thosi exainple} ehapging ive operatingespeedin urdﬁreo bbsmgteﬁiel e

types of eI e .

‘provi de stang agﬁ@g@ﬁ&gém‘iﬁéir,%% afr&ga %a%BBaHu%ng%.{sgf é@g@% t e reI I ance
upon batteri QB/PQWQIW lggcte qoaseqmnemm fahe bpstery: da additiancameerders, ar

tel ephones, bamameele;s}imyé %fcscomms&ﬁﬁh%%lec&aﬁieuab%h %9&)00 uﬁ@%@ Wege ogoul d
sinmply purchase standard batteries to power a cellular 'tel ephone,” nuch |ike
a consuner ﬂfﬁi‘e&r esently purchase for a flashlight or tape recorder,

i nstead of having to purchase a battery specifically

D

The present invention also relates to standard consumer batteries such as AAA,
AA, C or D cells, and 9 volt batteries. In addition to primary batteries being
interchangeable with different types of primary or even rechargeable batteries, standard
primary or rechargeable batteries may be available for applications in which only custom-
designed batteries are presently available. Depending on their needs, for example,
consumers could purchase one or more standard primary or rechargeable batteries that
they could put directly into their laptop computers, camcorders, cellular telephones, and
other portable electronic equipment. As mentioned above, as the number of standard
batteries manufactured increased, the cost per unit would rapidly decrease, resulting in
much more affordable batteries that could ultimately replace specially designed
rechargeable batteries.
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about 0.85 volts, even more preferably about 0.8 volts, yet even more preferably about
0.75 volts, even more preferably about 0.7 volts, yet even more preferably about 0.65
volts, even more preferably about 0.6 volts, with about 0.54 volts being the most
preferred. In a sub-controller designed for an electrochemical cell having a nominal
voltage of about 1.5 volts, the sub-controller is preferably capable of operating at an input
voltage at least as high as about 1.6 volts. More preferably, the discharge sub-controller
is capable of operating at an input voltage of at least as high as about 1.8 volts. Thus, a
preferred sub-controller should be able to operate in a voltage range from a minimum of
about 0.8 volts to at least 1.6 volts. The sub-controller may, and preferably does,
however, operate outside of that range as well.

In a preferred embodiment of a discharge sub-controller 102 of the present
invention designed for use with an electrochemical cell 30 such as a primary lithium
MnO2 cell having a nominal voltage of about 3.0 volts, however, the sub-controller must




other portable electronic equi pnment. As nentioned above, as the nun‘?
‘standard bat tWPi9882%6&nuf act ured i ncreased, the cost per unit %Wﬁ”’“?ﬁﬂmy
decrease, resulting in nuch nore affordabl e batteries that could ultimatel y
replace specially designed rechargeable bgjteries. WO 99/52163

PCTI US991 07250 32 In order to increase thé service run tinme of primry
batteries or rechargeable batteries that have a relatively | ow opti nal

di scharge de

th, the dischar troll er can nedt oer te at
even | ower ngtaB'ﬁég operate qtedgg%e ‘ﬂ &Vﬁlr‘}‘?fb‘st‘ ﬁa(??fg%/? 5&‘9%‘7&3 -Co
di scharge sulgsédbintcofjunéetion with arcelestivchertiadl celt haldng gneinabvaliage of sboat 150l t age

I I I 0. bi d

about 0.34 vaPHE ﬁwﬁgtc@sgﬂ* BlebFostfpfialcaaats § Bomisafv s ot T ARNARS &,
volts in a cdhedischargesbaohtroiten isyreferiblyrdblecto ropetate inrtheidize from, abast 334 volts ng
size decreasgg abé&l%sf é}le g‘ggg%@ﬁ&gﬁ&kmo%ﬂl %@9&%@ %"b#abﬁ%’%‘ﬁ?%ﬁnrgﬁ: é"@dliage' n

silicon, for ‘exa s ng

t echnol ogy wJaange M@ & valtsiio nﬂmﬁﬁﬂbﬂ%ﬁa&\'% mrs@g@emblanﬂlas@lmommﬂnrto

about 0.4 voli{ gp aﬁeo@*e éiﬁmigeau@mﬁsunﬁd!ﬁ émﬁérahgeframbm E%usfoeai least
operating vol age

di'schar rolle the

di scharge su P"BIFEI E"eeé'i‘f’r?@%';ﬂb tﬁ "é!“Fm €118 Sap3 ‘%W?BP?QP“E W‘tﬁPﬁw de
1& he ﬁeepest dmﬁahalt blﬂihea'aﬂgl dmﬁbaitemrmbmﬂadst alsdut 3aﬁrvdm with thearhnge

ischarge ar, cthoc toa
di schar ge de;ffe W@Js‘f"ﬁ Pﬁ@ﬁ@svgﬁ#g oSt Bef ?rﬁ‘fcppfl}?\f@htion to
utilize di ffe:oatrbllamhwnu&lspreﬁerably duies,homtevérabperatatoutsidetof that cangesas welie
‘battery utilization up to approxi mtely 100% of the stored charge of the
el ectrochem cal cell. Theg{)r esent silicon-based enbodi nent, however,
provi des up to a J8wpueferyed embadiment of a disphasgeosubcpontroller 02 of thegresent i s quite
high in CO”D%\}eiﬂﬂn H&:%n@& f&‘{ﬂém aﬂQteZQa@Héﬁﬁ&?céﬂhd%bﬁﬁi X réth EiBPé?iilﬂﬂhP al

cells without, a ontro I con pr ef elr‘ i ment, for

one
exanpl e, the o8¢ Hz%*s Wﬂ%ﬂk%@ éiw%dé) Y tsd’%‘%w?j’ﬁé& g oﬁs’erfaﬁe myst be
vol tages as |lably taopalacsidt ah evell lﬁnghdmbkagéﬂafeeﬂﬂb idrequifadifoPa Gfschapgd sub- even

mor e preferab] out 8 v.o rabl oI ts
rore o ofer abl Sl D Mahb Ry RSB RR SL RLARL LSB o
vol ts, even rabout 30 of sbaaib(lys wilts.uin the Gaseaifias elevirodheminalicellthaging\agiomindb e ng
the ‘nost pref I :
L0 o o AR A A RN b B e
preferably cdpRsst @%ﬁb%@r%‘(qlﬁéo abous4-Q valis: The subsgenteoller maes praferablyds as
afgout 1.6 volaa§ab1é\/bf®epxtﬁ§m abegew%e%mmgs s%hs %)ﬁktlé&t hisdut | usa muaabl e
'CI)'h ug!oe;at | "9 More pretleragf;v, the sulta-cgntrcﬁlfer 5 capa%?e of operatmg wnt% an mput voI’L tage in ?he
range from about 0.6 volts to at least about 4.0 volts. Even more preferably, the sub-
controller is capable of operating with an input voltage in the range from about 0.54 volts
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being the most preferred. The sub-controller may, and preferably does, however, operate

outside of that range as well,

An alternative preferred embodiment is capable of operation with an
electrochemicat cell having a nominal voltage of either about 1.5 volts or about 3.0 volts.
In this embodiment the discharge sub-controller is capable of operating with a minimum
input voltage of about 0.8 volts, preferably about 0.7 volts, more preferably about 0.6
volts and most preferably about 0.54 volts, and a maximum input voltage of at least about
3.2 volts, preferably about 3.4 volts, more preferably about 3.6 volts and most preferably
about 3.8 volts. For example, the discharge sub-controller may be capable of operating in
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when the electrochemical cell voltage reaches a predetermined value. This may provide a

visible, audible, vibrational, or device readable indication that the battery capacity is

running down. Additionally, the sub-controller could also artificially recreate conditions

of an accelerated battery discharge condition by decreasing the output voltage of the
battery at the end of the life of the battery. For example, the sub-controller could begin
ramping down the output voltage when the battery storage capacity is at about 5% of'its
rated capacity. This could provide an indication to the user such as a decreasing volume
in a tape or compact disc player, or provide an indication to the device;, which could warn
the user accordingly.

Figure 7 shows a block diagram of one embodiment of the present invention in
which the DC/DC converter 750 of the discharge sub-controller 702 is electrically, or
preferably electronically, connected between the positive 732 and negative 734 electrodes
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output voltage at the terminals 720 and 722 of the container 712 above the cut-off
voltage of the electronic device.

In one preferred embodiment of the present invention as shown in Figure 7, the
DC/DC converter 750 that operates in a continuous mode may be a step down converter
that lowers the cell voltage of the electrochemical cell 730 to an output voltage of the
container 712. In one embodiment of a discharge sub-controlier 702 that includes a step
down converter, the converter lowers the voltage of a first type of electrochemical cell
730 to an output voltage of the container 712 that is about the nominal voltage level of a
second type of electrochemical cell so that the battery containing the first type of
electrochemical cell 730 is interchangeable with a battery containing the second type of
electrochemical cell. For example, an electrochemical cell having a higher nominal
voltage than a standard 1.5 volt cell could be used in combination with a step down
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about 1.4 volts. Thus, the battery provides roughly twice the chemical energy storage of
a 1.5 volt alkaline cell, or a 1.4 volt NiCd battery in a battery that is completely
interchangeable with any of those 1.5 volt or 1.4 volt batteries. Additionally, the lithium

battery of the present invention would provide the same high current levels as a 1.6
voltLiFeS; cell.

Additionally, the discharge sub-controller 702 also optimizes the performance of
an electric device such as a flashlight that uses battery 710. Although an electric device
will not shut off like an electronic device at a minimum operating voltage, the
performance of the electric device, such as the intensity of the flashlight bulb, will
decrease as the input voltage decreases. Thus, a stable battery 710 output voltage allows
the electric device performance to remain constant over the run time of the battery
without the device performance decreasing as the voltage of the electrochemical cell 730
decreases.




In one preferred enbodi nent of the present invention as shown in Figure 7,
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battery pr OVb&ﬁJ&ﬂéﬁl@ftb)prévweﬁesthﬂimzddeﬁ abltaee Adtensitivelaahe &C/DC converter
750 can utilize multiple input signals such as the cell voltage, i.e., the voltage across the
positive 732 and the negative 734 electrodes of the electrochemical cell 730, and the
output current to generate the duty cycle. . In this embodiment, the cell voltage and the
output current are monitored, and the DC/DC converter 750 generates a duty cycle that is
a function of those two parameters.

Figures 8-11 show block diagrams of additional embodiments of discharge sub-

controller circuits of the present invention. In each of these embodiments, the sub-
controller circuit includes at least two main components: (1) a DC/DC converter; and (2)
a converter controller that electrically, or preferably electronically, connects and
disconnects the DC/DC converter between the electrodes of the electrochemical cell and
the output terminals of the container so that the internal losses of the DC/DC converter
are incurred only when the DC/DC converter is necessary to convert the cell voltage to a
voltage necessary to drive the load. The DC/DC converter, for example, may be turned
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converter 850 between the electrochemical cell 830 and the output terminals 820 and 822
of the container 812. The threshold voltage is preferably in the range from about the
nominal voltage of the electrochemical cell 830 to about the highest cut-off voltage of the
class of electronic devices with which the battery is designed to operate. Alternatively,
the converter controller 852 may continuously sample the cell voltage of the

electrochemical cell 830 and compare that voltage to the threshold voltage in order to
control the operation of the DC/DC converter 850.

In the case of a rechargeable battery, the converter controller 852 preferably also
disconnects the electrochemical cell 830 from the output terminals 820 and 822 of the
container 812 when the cell voltage reaches about the optimal discharge depth of the
electrochemical cell 830. This provides a maximum cycle life of the battery in which each
discharge cycle has an optimized battery run time. Thus, the service run time of the
battery may be increased. '
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a desired rafigps below about 1 volt for an electrochemical cell havmg a nommal voltage of about
1.5 volts.

One exemplary embodiment of a charge pump 988 that may be used as a ground
bias circuit 980 in a battery 910 of the present invention is shown in Figure 9A. In this
embodiment, when switches S1 and S3 are closed, and S2 and S4 are open, the ceil
voltage of the electrochemical cell 930 charges capacitor Ca. Then, when switches S1
and S3 are open, and S2 and S4 are closed, the charge on capacitor Ca is inverted and
transferred to capacitor Cb, which provides an inverted output voltage from the cell
voltage of the electrochemical cell 930. Alternatively, the charge pump 988 shown in
Figure 9A may be replaced by any suitable charge pump circuit known in the art.

In a preferred embodiment of the present invention, the ground bias circuit 980
includes a charge pump circuit 986. The charge pump circuit 986 is shown in Figure 9B
and includes a clock generator 987, and one or more pumps 988. In a preferred



t hreshol d-vol t ages, for exanple, the converter controller 852 "turns,
on"'the Dg/d¥erppgaverter 850 by electrically, or preferabl ypetrsswroaetocal |y,
connecting the DC/ DC converter 850 between the el ectrochem cal cell 830 and
the output termnals 820 and 822 of the container 812. The threshol d
voltage is preferably in the range froff about the nominal voltage of the
el ectrochem cal cell 830 to about the highest cut-off voltage of the cl ass
of electronic devices with which the battery is designed to operate.
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| evel bel ow the ni mum f orwar d- bi as vol tage necessary to drive the ground
bias circuit 980. Thus, the converter 950 may nore efficiently draw a
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electrochemical cell 930 to about the highest cut-off voltage of the group of electronic
devices for which the battery 910 is designed to power. The predetermined voltage is
more preferably about 0.1 volts greater than the cut-off voltage of the electronic device,
with about 0.05 volts greater than the cut-off voltage being the most preferred.
Alternatively, the charge pump circuit 986 could be controlled by the same control signal
that turns on the DC/DC converter 950 so that the charge pump circuit 986 operates only
when the converter 950 is operating.

In addition, both the DC/DC converter 950 and charge pump circuit 986 in a
battery having a rechargeable electrochemical cell are preferably turned off when the cell
voltage drops to about the optimal discharge depth. This allows the rechargeable
electrochemical cell to be optimally discharged in order to allow a maximum number of
and efficiency of charge cycles for that cell.



preferably the negatively biased voltage, Vnb, is about 0.5 volts, with 0.4
volts being tweows2163 preferred. Therefore, the ground bias ci PETIENFLH0
allows the converter to nore deeply discharge the el ectrochenm cal cell 930
‘and increase the efficiency of the conver er 950 in extracting the current
fromthe el ectrochem cal cell 930 when the cell voltage drops bel ow about 1
volt for an el ectrochem cal cell having a nom nal voltage of about 1.5
volts. One exenpl ary enbodi ment of a charge punp 988 that nmay be used as a
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g P 902 shown in Figure 9, b%t further includes a phase shift sensing circuit 1062 that
measures the instantaneous phase shift, between the AC components of the cell voltage at
electrode 1032 and the current being drawn from the electrochemical cell 1030 measured
across current-sensing resistor Rc. The DC/DC converter 1050 uses this signal in

combination with other internally or externally generated control signals to generate the
- duty cycle.

The discharge sub-controller 1102 of the embodiment shown in Figure 11 may
include the same elements as the discharge sub-controller 1002 shown in Figure 10, but
further includes an emergency circuit 1182 electrically connected to both sides of the
current-sensing resistor Rc, and t0 4 negative terminal 1122 of the electrochemical cell
1130, and further connected to the converter controller 1152. The emergency circuit
1182 can signal to the converter controller 1152 in response to one or more safety-related
conditions requiring disconnect of the electrochemical cell(s) 1130 from the output
terminals 1120 and 1122 of the container 1112 to protect the consumer, an electrical or



and the output negative termnal 922 of the container 912. In a further
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range from about the nom nal voltage of the el ectrochem cal cell 930 to
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 enbodi nethe emergenexrirguitmayalsa-send asignalte tbggmyp@er controller 1152to =
disconnect the electrochemical cell 1130 from the terminals 1120 and 1122 of the
container 1112 and/or to short the output terminals 1120 and 1122 to prevent the
discharged electrochemical cell 1130 from consuming the current of other cells connected
in series with the discharged electrochemical cell 1130.

A preferred discharge sub-controller 1202 that is shown in Figure 12 includes a
DC/DC converter 1250 having a synchronous rectifier 1274 that can electronically
connect and disconnect the positive electrode 1232 from the positive terminal 1220 of the
container 1212. The switch of the synchronous rectifier 1274 eliminates the need for an
additional switch such as the converter controller 852 in the direct electrical path between
the positive 1232 or the negative 1234 electrodes of the electrochemical cell 1230 and the
output terminals 1220 and 1222 of the container. Additionally, the synchronous rectifier
1274 increases the efficiency of the DC/DC converter 1250 by reducing the internal
losses. The converter controller 1252 of this embodiment also allows for additional input
signals for the control of the DC/DC converter 1250. For example, in the embodiment
shown in Figure 12, the converter controller 1252 monitors the internal electrochemical



of accepting a correction control signal froman external source such as
the phase shiwo9¥s1§3ng circuit 1062. As described above wit WPFEVEPARRY to
Figure 7, the DC/ DC converter 1050 utilizes a control schenme such as a

pul se-wi dt h nodul ator to control the oper@ti ng paraneters ofthe converter
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machi ne- r eadel¥rge Pumn suchiag theqng shewrein Fi to supply a virtua asa
potential below that of the negative electrode 1334 of the electrochemical cell 1330 to the

DC/DC converter 1350 and the output terminal 1322 of the container 1312, The virtual
ground provides an increased voltage differential available to drive the DC/DC converter
1350 and allows the converter 1350 to more efficiently draw a higher current level from
the electrochemical cell 1330 than it would be able to with only the cell voltage driving
the converter.

In this embodiment, the converter controller 1352 preferably utilizes a pulse-width
and pulse-phase modulation control scheme. The phase shift sensing circuit 1362
measures the cell voltage and the current drawn from the electrochemical cell 1330 at the
positive 1332 and the negative 1334 electrodes of the electrochemical cell 1330 and the
instantaneous and/or continuous phase shift between the voltage and the current. This
phase shift defines the internal impedance of the electrochemical cell 1330, which is a
function of charge capacity of the electrochemical cell 1330, In an alkaline battery, for



battery is about to shut down. Separately, the enmergency circuit 1182 may
al so be unwal9¥s21¢x ovi de a control |l er bypass node if a curr egtussxmRs
circuit 1183 indicates a steady current rate higher -than the controller
1150 can sustain. If this current is within cell 1130 safety margins, the
energency circuit 1182 can sent a si grf'él to converter controller 1152 to
connect el ectrodes 1132 and 1134 of the el ectrochem cal cell .1130 directly
to output termnals 1120 and 1122 passi ng the converter 1150. At the end
of the deXample gvéleeybméSO%’ms@mgegﬁ ledtrashemicalenell|1330,5which i detepminedt o t he

t - 1 130 f
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output termnals 1220 and 1222 of the container. Additionally, the
synchronous r he pﬁkemoﬂlﬁﬁtbrlll% ﬂ&&&ﬁe leﬁgeﬁémtﬁdl%fgh}ﬂsﬁ céthﬁnﬂgn%dﬁ%ver ter

1250 by ses verter .controller 52 of this
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DC/ DC coml&ageéweumpulmnodmgnpmé ingintains thevinethl-oride sahiconductorflelir e 12, :
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are gi vemammmddazemqmcdno P thisi case, ﬂmDCd@ssbyoﬁhscbsédmsm Ni3fan@r ent

el enent s BRis ;gxﬂ,g,ln | 0 .cl,rcuit in

addi ti onﬂ{eg’e&% Ddbl‘:é cong‘g??‘gr Fi‘t Ea%iﬁésiIﬁe cen?'?%r ﬂ&rgflﬁléaﬁylgfhe[rﬁgge

" control | Bpm °Ph‘é0bﬁ‘§§@\4" iR i on. * The order of presentation is not neant

to inmply that the elenents introduced later in circuits conmbining nultiple
eat Ures des ribed with respect to the

Slr ](;I/?(r)ﬁgt F?lgﬁ ¢ il?'f’ Yﬁi@g?%gs €"é°‘0(ﬁta[]ﬂ% ‘T"H’é“egéb'iﬁéh d voltage level beweveryent i on.
the pulse modulator 1376 is turned on and modulates the duty cycle of the DC/DC
converter 1350 based upon the combination of the voltage control signals. The amplitude
of Vs operates as the primary control signal that controls the duty cycle. The voltage -
drop across the current sense resistor Rs, or current sensor, which is a function of the
output current, operates as the second control signal. Finally, the signal V(psi) generated
by the phase linear controller 1371, which is linearly proportional to the phase shift
between the AC components of the cell voltage and the current being drawn from the
electrochemical cell 1330, is the third control signal. In particular, the V(psi) signal is
used to alter the duty cycle in response to the internal impedance changes over the battery
run time, which affects the efficiency of the converter and the battery run time. The pulse
modulator increases the duty cycle if the instantaneous and/or continuous amplitude of
Vs decreases, or if the voltage drop across the resistor Rs increases, and/or the
instantaneous and/or continuous amplitude of the V(psi) control signal increases. The
contribution of each variable is weighted according to an appropriate control algorithm.




An energency circuit, a charge indicator circuit, a phase sensing circuit

andl or a groWa9%5263 circuit, for exanple, my be used in corﬁﬁfﬂa 9723 t h

the circuits of Figures 6-11 without the converter controller or other

el ements shown in the Figures that show t‘gese el enents. A preferred

enbodi nent of the integrated controller crrcuit 1340 for use in a battery

1310 of the present invention includes the DC/DC converter 1350 and the

converter controller 1352 and is shown in Figure 13. The converter 1350 is

preferably a high efficiency; and nmedi um power converter that can
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1330. 1n an 'a?mﬁaté eéd?l'irol)s%ﬁg@ (g'?/ g@ ﬁdthe power MOSFET M4.

PCTI US99/ 072 exanpl e ter a ar g el ectroch m cal
cel | 1330, whitering %leabmand/ﬁéale o cleceween tha g a4 P?ﬂtm% sigagsaligrshe ¢ he

i ncreasi ng i Ghtphfvilta ﬁé"@&@@’t_ﬁ@tdrﬂﬂiaﬁ%ﬂ@aﬁmﬁﬂmhﬂd?&lﬁérﬂgllzOChem cal cell
1330 capacity. The phase shifting sensing circuit 1362 provides these

signals to the phase |inear controller 1371. The phase linear controller
1371 then pr ovi deThé bﬂse/mbﬂlﬂger Wﬁ&ﬂ@ﬁﬁﬂtrb}/tlkMOﬁFB’femﬁrﬁtMé basedmugoni r cui t

1362 and an e S
proporti onal ftﬁ%%req'ﬁgigge SQE'PI\B[ £|§%;I slﬁffiﬁ B%YL ,flfle b@%%ﬁﬁi%&o“ tﬁll zes a
‘combi nat i on tﬁSlstn!Ilbe*Dth itemeldmpedance; misabeell 13301 the losd eusrent o
schenes. Thec&ﬁhﬁl ngpﬂ%@tﬂf e:éa%?p@e %&eﬁﬁlgefiﬁ@duvﬁér im SéntrhRe 8 dilfydycRGraRS t he
resistor Rs as e ‘control
/DC conv er 1350 close to zero percent. If the load current consumption is high,

however, the pulse modulator 1376 generates a duty cycle of the DC/DC converter 1350

close to 100%. As the load current consumption varies between these two endpoints the

pulse modulator 1376 varies the duty cycle of the DC/DC converter in order to supply the

current required by the load.

3.

Figure 14 compares exemplary discharge curves for a battery B1 that does not
have a controller of the present invention, a battery B2 of the present invention having
discharge sub-controller in which the converter that operates in a continuous mode, and a
battery B3 of the present invention, having a discharge sub-controller in which the
converter turns on above the cut-off voltage of the battery for a typical electronic device
for which that battery is designed. As shown in Figure 14, the battery B1 that does not
have a controller of the present invention will fail in an electronic device that has a cut-off
voltage Vc at time t1. The discharge sub-controller of the battery B2, however,
continuously boosts the output voltage of the battery to voltage level V2 throughout the



The pul se nodul ator 1376 uses the voltage control signals in conbination to
drive t hewD@®yB@I68onverter 1350. Wien the voltage Vs i s abarer/eses/07250
predeterm ned threshold voltage |evel, the pul se nodul ator 1376 nmintains

t he met al - oxi de sem conduct or fiel d- gffect transi stor ("MOSFET") M3 in a
cl osed state and the MOSFET M4 in an ?)en state. Thus, the current path
fromthe el ectrochem cal cell 1330 to the load is naintained via MOSFET M3.
In addition, the | osses associated with the DC DC converter 1350 and the
conver t eunding ofghe batterps Whenghe:celli voltageloftbe glestrochemicalicsll afjbatteryi B2
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general | tmgg t ol ah%%ri t .o%gﬁat Ss I&B and I</ZI4 vmgt gipﬁjﬂg&tsdggrr;&aut y
cycl e bl}%\'es R 83-82’5 fl{?xg vB égvei-w s depicted in Figure 14 and represents the voltage

difference between the boosted output voltage of the battery B3 and the cut-off voltage

Ve. The voltage level V is preferably in the range from about 0 volts to about 0.4 volts,

with about 0.2 volts being more preferred. Battery B3 then continues to provide an

output until the cell voltage of the electrochemical cell falls to voltage level Vd, the

minimum operating voltage of the converter, the controller of battery B3 will shut down.

At this time, the battery output voltage drops to zero at time t3, ending the effective run

time of the battery B3. As shown in the graph of Figure 14, the effective run time

extension of the battery B3 over the battery B1 that does not have a converter of the

present invention is t3 - t1.

Figure 14 also shows that the battery B3 will outlast the battery B2 when they are
connected to the same electronic device. Because the converter of battery B2 operates
continuously, the internal losses of the converter consume some of the energy capacity of
the electrochemical cell of battery B2, and, therefore, the cell voltage of battery B2 will




MOSFETs M3 and M4 are preferably conpl enentary high power transistors in
which MB is pwvebwsasiy an N-channel MOSFET, and M4 is prefer 9/07250
P-channel MOSFET. In essence, the configuration of the conplete DC/ DC
converter 1350 is a boost DC/ DC converter,,with a synchronized rectifier at
the output. In addition, the converter 1350 i ni ni zes AC and DC | osses by
usi ng MOSFET MB instead of a non-synchronous Schottky di ode. Separate
control signals drive M3 and the power MOSFET M. Alteri nq,the hasg and/ or
the duty cydrachithe minimumiaperating voitage of thercopyertar Jidina shostentimg
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t he battery preferredt ypi cal el ectronic device for which that battery is

desi gned. As shown in Figure 14, the battery Bl that does not have a
controller of the present invention will fail in an el ectmni c device that

has a cut-of f vollfthgdbatrery-s designed as a universelibgtteny fprea arsheeflgctionicdeyices, he
battery B2, RAIWVRYEkhe sredétérifidIotaovps & ﬁréf@raﬁlftsﬁlébtea € béefuabio drfistightht t ery
to voltage |evel %2 throa%hout hhe %?95%9152 6€’3 o devi
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mode is t2 -maypreferably be about 0.1 volts greater than the highest cut-off voltage of that group o
electronic devices, with about 0,05 volts greater than the highest cut-off voltage of that

group of electronic devices being the most preferred.

The graphs of Figure 14 also show that the lower the minimum operating voltage
of the converter Vd, the greater the run time extension will be compared to battery Bl
that does not have a controller of the present invention. In addition, the greater the
difference between the cut-off voltage of the electronic device, Vc, and the minimum
operating voltage of the converter, Vd, the controller of the present invention will provide
a greater run time extension of the battery due to the boosting of the cell voltage of the
electrochemical cell.

Further, Figure 14 shows that the device cut-off is no longer the limiting factor of
the discharge of a primary or rechargeable electrochemical cell. As long as the controller
can maintain the output voltage of the battery above the cut-off voltage of the device, the



The controller of the battery B3, however, does not begin to boost the
out put voW®#52063 t he battery until the cell voltage of theceussweresthem cal
cell reaches a predeterm ned voltage |evel Vp3. The predeterm ned voltage
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el ectronic devices that the battery is intended to power. Mre preferably,
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+ V. The voltage level Vis depicted in Figure 14 and represents the
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47 reachPPHREIES Hi ium operating voltage of the converter Vd in a shorter
time conpared to the battery B3 in which the controller is operational for-

the’ pr efet or B GRYEF sl EoRUEE 104 5y trq eeia, B8 v e O a rerbaszatin ol t age

of the ebattery thatis preferably ndtaleeply dischapgads suchgus ailedd-acid bidttery, 'bytdherging

: the electrochemical cell(s) during the "off-time" of the discharge cycle, i.e., when the
electrochemical cell is not in a discharge mode. For example, the controller may allow the
charge sub-controller to charge any one or more of the individual cell(s) during the "off-
time" of the discharge for those celi(s). If the "off-time" is long enough with respect to
the “on-time" of the discharge, i.e., when the particular electrochemical cell is actively
discharging, the charge sub-controller may be able to maintain the cell in at least a near
full-charge condition. If the duty cycle is high enough and the device operates over a
sufficient duration that the charge sub-controller is unable to maintain the charge of the
electrochemical cell above a predetermined voltage level or below a particular impedance
level that corresponds to the maximum desired discharge depth of that type of or that
particular electrochemical cell, the discharge sub-controller may end the discharge cycle
of the battery when the rechargeable electrochemical cell(s) reach the maximum desired
discharge depth. The charge sub-controller may also prevent an overcharge by only




nmost efficient usage of the electrochem cal cell and result in a greater
battery run twowysd6xnsi on. Thus the predeterm ned vol t age VM&W?S"
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‘cut-of fvoltage of that group of electronic devices. Mre preferably, the
‘predet erm ned vol tage Vp3 may preferably be about 0.,1? volts greater than
the hi ghest cut - oAlterpatierpayer sippliesfor the sharsme cyrle may dnsludesp ! SYRPSH nor e
preferably, £EdT BEE dvvitd v ixferh satipagdiioyhed eleatpsuhemitallcellol] t s
AE o o e T
devices, wt . - 'ge of
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vd, the cont feghargeablseleqtrochamaical cell.i Abernativsly, ap plterpatiyeiPQWeRsupplysueh a3 in ti ne
ext ensi on of fijel\GiiRAdy RSiNcIEAEA ih @ hihrdd fo'fFovitle tHeachagidg seatcedgathel t he

el ectrochem ca)] cell. .Further., .Figure 14 shows that the device cut-off is
no | onger th@hﬁ?@*%ecﬁ@egwbﬂfeﬁhe di scharge of a primary or rechargeable

el ectrochem cal cell. As long as the controller can maintain the out put
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48 el ect r ocheharging systsm 04 cestactiess isglatedrcharging systemi tacharge apptieni &f e 1 n a
primary battgfe)lentﬁxﬂ'bﬁticﬁll.' ows the cell(s) to be discharged as conpletely as
possi bl e dependi ng upon the m ni mum operating voltage of the converter. In
‘a rechargeabl e battery, however, the present

A preferred embodiment of the battery of the present invention may also include a
full charge indication to the user, The charge sub-controller, for example, may provide a
visible or audible indication to the user that the battery is fully charged. Alternatively, the
sub-controller may provide a charger system or device readable indication so that the
charger system or the device could warn the user accordingly.

Figure 15 shows a block diagram of a battery of the present invention that
includes a charge sub-controller circuit 1504. - The charge sub-controller circuit 1504 is
preferably integrated into the battery 1510 and is responsible to safely and efficiently
control an incoming power signal from an external charging source or circuit in order to
optimize the charge cycle of the rechargeable electrochemical cell 1530. The charge sub-
controller circuit 1504 controls the incoming power signal from the external charging
source based upon input voltage control signals received from the sensing circuit 105
and/or feedback from its own internal sensing circuitry. For example, the charge sub-



invention allows an optinal discharge that increases the service run tine
of the rewpggmadsl e battery |ndependent of the cut-off volpe:gasggf(mgne
device as long as the converter is capable of operating at a cell voltage
| ess than or equal to the optinmal discharge depth of the rechargeable

el ectrochemical cell. Charge Sub-ContP®ller The charge sub-controller 104
may al so extend the cycle life of a rechargeable battery of the present

i nvention. The sub-controller may extend the cycle life of the battery by
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cycle, i.e., when the el rochem ca IS not in a discharge node. For
exanple, the controller may allow the charge sub-controller to charge any
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by only t ngglquzlle matlve electrode 934 of the electrochemical cell'930;" Alternatively,
CT/ US9 ; of t
p ooc utPbisFAR 5 8DARIRS b WAGHal B Ftr ggﬁ#af&%«f%&@ e

ol 1 - Dyboriples 14 i oR! s et HhEPRPoEH1a the CharEepuirge controller 992
of Figure 9B, the internal controller may directly compare the voltage of the terminals
1520 and 1522 to the cell voltage of the electrochemical cell 1530 and shut off the ground
bias circuit 1580 if the voltage across the terminals 1520 and 1522 is greater than the cell
voltage of the electrochemical cell 1530 by directly controlling the clock generator 1587.
This will collapse the virtual ground output to the potential of the negative electrode 1534
of the electrochemical cell 1530.

In a preferred embodiment of the present invention, the charge sub-controller
circuit 1504 uses the internal impedance information to determine the most efficient AC
signal profile including the amplitude, the frequency, falling and rising edges, etc. The
sub-controller thus minimizes the internal charging dynamic and static losses of the
electrochemical cell and provides the control for the fastest possible charging rate for the
particular electrochemical cell. In addition, physical condition sensors such as hydrogen



cycle described in this application, or by any other nmeans known in the
art. Thus, thwoowsaisdl | er may optinize the service run tinme oPCVEEHATHEabl e
‘el ectrochem cal cells by not allowing the cell to discharge beyond the
optimal discharge depth during the dischq{ge cycle and optim zing the
.charge sequence during the charge cycle. Al't er nat e power supplies for the
charging cycle may include an external supply such as a power cord of a
device or an internal supply such as another el ectrochemcal cell ip the
devi ce or paandayygenfonaentration.dempergss PEesayrecate- deaydpds theapility to %tﬂR*;fbri d
battery. A pidifisdihe tharging@onsiigid! € may be packaged in the device or along
‘Wi th a rechargeabl e eleCtrochemcal cell in a hybrid battery. A netal-air
cell, such as a zinc-air cell that has a high energy density, but is only
abl e to provide rwhgh theadhirgeub-controllet citonitel564 deteanineicthatethe elettrachkmical/
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1530. This cO enerate t? ! ..
battery allows each cell to be charged by the same charging current, which is controlled

by the individual controllers in each cell to optimally charge that cell, regardless of the
electrochemistry of that cell. This charge sub-controller may also charge multiple cells of
a hybrid battery even when the cells have different nominal voltages.

Figure 16 shows one embodiment of a charge sub-controller circuit 1504
configuration that may be used in a battery of the present invention as shown in Figure 15.
In this embodiment, the charge sub-controller circuit 1604 includes a universal charger
circuit 1677, a burst circuit 1678, and a charge control state machine 1679, The charge
contro) state machine 1679 uses burst circuit 1678 to create a test current, Is, and the test
voltage, Vs, at the electrodes 1532 and 1534 of the electrochemical cell 1530. As
described with reference to Figure 13, the phase linear controller 1571 detects the phase
shift between the test current, Is, and the test voltage, Vs. The burst circuit 1678
preferably includes a burst driver 1668 and a n-channel MOSFET M1. The burst driver
1668 produces a high frequency control pulse signal, which drives the gate of the



linear controller 1571 and is described with respect to Figure 13.

Al t er nat | wa 99/52163e. charge sub-controller may control the char/gsmmjo t he

el ectrochemi cal cell 1530 by the cell voltage or the charging current, or
by a conbination of two or nore of the internal inpedance, the cell v_oI t age
and the charging current. In additi on,szphysi cal conditions measured wthin
the container 1512 of the battery 1510 such as hydrogen concentrati on,
oxygen concentration, tenperature and/or pressure may be used by the charge
sub- conM@SFET ML The testtursent; is, flpastthesugh thet MOSFET M| ancktht phésalineathen t he
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Thi s wi | PEthgpreseatanygntion, In é&ﬁ tdbe pharge sub-centrollercitauit| 1704 t he
negatuvemhmesae@temawsaithala@coaaag%%hsmaﬁﬁbm%'tg ﬂéﬁ the N @ preferred
enbodi ne of .t he vent i t he char troI ler circuit 1504
uses t he® F?@Zﬁuh Z‘% WEF‘PW%O&"E%P B sﬁd’ﬂw pftericient AC
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d ni nt ernal chargi ng dynam
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in the range from about 20 KHz to about 100 KHz, more preferably in the range from
about 40 KHz to 60 kHz, with about 50 KHz being the most preferred. The signal from
the external charging source energizes the secondary coil 1798 of the charge sub-
controller circuit 1704 via the primary coil of the external charging source. The charging
control state machine 1794 controls the universal charger circuit 1777 in order to
optimize the charge cycle of the rechargeable electrochemical cell 1530. If the external
charger circuit operates at a frequency of about 50 KHz, the transformer would have a
sufficient range to allow charging of the electrochemical cell from about 1 to about 3
inches from the battery of the present invention, and would thus allow an in situ charging
of the electrochemical cell without removing the battery from the electric or electronic
device. This can provide a distinct benefit over batteries that must be removed from a
device. A battery in a surgically implanted device such as a pacemaker, for example, may
be charged without surgically removing the battery from the patient.
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optim ze.the charging conditions. Wen the charge sub-contraqller
1504 det er m¥f229/32 the el ectrochemnical cell has been fuII)FQﬂHEPQ@Egythe
charge sub-controller opens N-channel MOSFET M3. This disconnects the

el ectrochemi cal cell 1530 fromthe termspals 1520 and 1522 of the container
1512 and, thereby, fromthe external charging source or circuit.
Uilization of the internal inpedance to control of the charging of the

el ectrochem cal cell 1530 allo charae qpkhn} ﬂtlon based upon the true

i oni c and el ectro-inpedance co Fﬁ%ﬂ W YO8t rochemical cell 1530. By
pl acing a charge sub- controller 1504 in each container 1512 provi des nore

trol of th
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ectroche ol | er
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be charged dlge tnon@al lyadiscopnectsthe glegtmqhemwal sellifiom the tcrmalmfl thelbagtery.he

i ndi vi dual g e %ﬂ&hﬁ. 25t
regardl ess o t he {hé e?rigr em slﬁ?tdn(s)?ﬂ?’%%bcel leﬁbﬁghlﬁéai‘cﬁgﬂ%ﬁgﬁgﬂsgh% eroI | er
may al so cf?&P‘&@n‘i’iﬂ chasee fubscanixelierg opthe cantyoliey agy SSERATYE| | s have

di fferent m: xrdﬁﬁi}tthﬁesignaﬁltwlﬁchifge%b@wm&ﬂ&r gideckheehirg®subaconlvaligre
sub-control | C|rcu t é§04 confhgﬂ gp t hat nqﬁpbg ed in a battery of
t he presenﬁ e gleciTphifmiG |§;ﬂ Rals Ohthe SUIY di ment , the charge
sub-controll er CIrCUIt 1604 i ncl udes a uni ver sal char ger ci reuit 1677, a
burst circuit 1678, and a charge control state machine 1679. The charge
control state machine 1679 uses burst circuit 1678 to create a test
current, Is, and the test voltage, Vs, at the el ectrodes 1532 and 1534 of
thé el ectrochem cal cell 1530. As described with reference to Figure 13,
the phase linear controller 1571 detects the phase shift between the test
current, Is, and the test voltage, Vs. The burst circuit 1678 preferably

i ncludes a burst driver 1668 and a n-channel MOSFET ML. The burst driver
1668 produces a high frequency control pulse signal, which drives the gate
of the WD 99/ 52163
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MOSFET ML. The test current, Is, flows through the MOSFET ML, and the.phase
| i near conWO#9I521631571 detects the phase shift angle () betREEEESPNEPest
current, Is, and the test voltage, Vs. The phase |inear controller 1571

out puts the voltage control signal V( psg ), which is linearly proportional
to the phase shift between the AC conponents of the ceft—voltage and tThe
current being drawn fromthe electrochem cal cell 1530,

control s "B %879. The charge control state ”Bl(l'“ltilm(lmﬂﬂmw hi s
control st phase linear controller 1571 to torfiraél thesAC
charge signal profile. Wen the electrochemcal cell 1530 is fully charged,
-the pul se nodul ator 1576 di sconnects MOSFET M3, which in turn disconnects
t he el ectrochery e knal.s 1520 and 1522 of the

cont ai ner 11512TR E%ﬁ'&eé@;@&&é&w%?eﬁﬁ'é}%‘enbodi ment of the charge
sub-controller circuit sho in Figure 15 .that allows, an isgl afed.charging
of the el ectrocheni gﬁg aGontainerha QW&RS‘%\!&/&M@@M nSSﬁK'%&f%ﬂwé]men
the external charger circuit and the battery 1510 of the present jnvention.
In this enbodi ment, (bh8 batieryeel disposadwithin saig cantainer, 7aid icall having & coi |
that acts as the secondary coil of a transfornmer to charge the

el ect r ocheusitive eletirodé3®negativeceleetrode, andhagellvoitage measurdd aceoss | mar y
coil of the transformer that may be coupled in a wirel ess connection

t hrough t hRidpbsitive dhel sHi¢ Pagative Rictrodbs ofgarfedige sub-controller circuit
1704. A battery of the present invention, for exanple, may contain a

printed wire coil o &oh r &l 5338
wi thin the contai ne?,cj %r tﬂgﬂ%aﬂ e?&apgtc?g@r%t e segéon are?go%iaP ?Tf tﬁ’e

chargi ng toelinsfornmer. The charging circuit of this enbodi ment preferably
operates at a frequency in the range from about 20 KHz to about 100 KHz,

nore pref eirPéaiditérmingly ¢fgifd contAimdraotiordn), fformizhé eeflYoltage, dh bltpugout 50
KHz being the nost preferred. The signal fromthe external charging source

ener of 263 JofagB ARG Habiive LA ModiVa (BHAR ot e EAMBIRY BAacl Toul

1704 via the primary col t he ext'ernal rgi ng source. e charging

order to optimze t Q) eyl tabRdsive W Bt BN Bt b G 1 o col
1530. If tout ,tthéi‘ﬁk*cuﬁfb’ﬁin%bpéiabw'tduﬁwlrﬂémeampmfvb oftheof about 50
KHz, the transtormer woul d have a sufficient range to allow charging of the

el ect r ochea@ndrgllee oM f rom about 1 to about 3 inches fromthe battery of the
present invention, and would thus allow an in situ charging of the

el ect r ochdhedetminald ofithelvontainenupom getdctioh 2f said/priedetermined coodition. or

el ectronic device. This can provide a distinct benefit over batteries that
must be renoved froma device. A battery in a surgically inplanted device
such as a pacenaker, for exanple, nmay be charged without surgically

renoving te bathepttbfyer Clain AAvh&rdin said circuit is part of the controller and
is operable for uncoupling the output voltage of the controller from said
positive and negative terminals of the container upon detection of said

predetermined condition.

3. The battery of Claim 1 or 2 wherein said circuit includes a current sensor
coupled with said cell to measure a cell current, the circuit being responsive
to a predetermined condition including one of a short circuit condition and an

inverse polarity condition based upon the current sensor, and uncoupling the
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an emergency function that ¢di scohnect$ the el ectrochenical cell fromthe
termnals of the container of the batteré in the event that one or nore
safety-related conditions is detected an ?or connects the el ectrochem cal
cell directly to the output term nals bypassing the converter if the
demanded curd,&;]] bbbt t is within

t he operating cutr\}r&etﬁpa(raogllrtl}gege?@r‘aﬁgﬁggﬁéyﬁﬁio@ﬁgﬁ?%%%@nﬁggle cell. The
controller rz;ﬁ(' "r@ﬁl ude an independent energency sub-controller that detects
unsaf e condi 8 Such as a short-circuit, an inverse polarity, overcharge,
over-di scharge, high tenperature, pressure or hydrogen concentration and

el ectronically disconnects the el ectrochem cal cell fromthe term nals of
the battery. Alternatively, the energency functions may be performed by the
circuitry ofdt he Thieseattaryof 8oy of Ciaims| 1 3 wheteiorsaidh eirchibisgepaerabledfont r ol | er,
or the controller may include separate sensing circuitry that signals the
di schar ge suhonitoringtheaellaoltage ant/or the cglt irteinat impeddnos;, theociguit onnect t he
el ectrochem cal cell fromthe termnals of the battery. WD 99/ 52163

PCT! US99/ 07 Baingfashonsivé (B redterHetrésHaidinludifg bnb of el ses: (2)
I Ive Term nal ;

contai ner having a positive termnal and a negat b) a battery

cell dispos L bl | ' ' | b | ect rode,
a negative glﬁg%@%g@ﬁ%gey@éﬁr&%ﬁ@@ggn@%é?@é&%ﬁgégggpy\té&elﬂt I ve and
sai d negati rodes pof said.cell: (c) a.contrpller electrical

coupl ed pet \DeRo8icd Sidine § BrsudiéimingtibpAdgiie 4 sFhuf HRIRAG e o
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monitoring the pressure within said container, the circuit being responsive to
predetermined condition including the container pressure exceeding a
pressure limit, the circuit uncoupling the output voltage of the controller

upon detection of the predetermined condition.
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operable, upon uncoupling the output voltage of the controller from the
terminals of the container, to couple the cell directly to said container

terminals to form the cell voltage at the container terminais.

10. A method for extending the useful life of a battery, said method
characterized by the steps of:

(a) providing a battery including:

(i) a container having a positive terminal and a negative terminal;
and

(i) a battery cell disposed within said container, said cell having a
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