| NVENTI ON The present invention rel ates and norepa

to single-cell batteries having a built- r and mul tipl e-cell
batteri es Wh&YB1W each individual el ectrochééisal cell has iR SMOBUPIt-in
control |l er. BACKGROUND OF THE | NVENTI ON Consuners use primary and
rechargeabl e (secondary) batteries in porltable el ectronic devices such as
radi os, conpact disc players, caneras, cellular phones, electronic ganes,
toys, pagers and conputers devices. Wien the service run tinme of a primry
battery is over, the BBATEERY HAMING X BOIOMINGGONTROLLER VI ce run time
of a typical primary battery generally only permts usage of between
approximately 40 and 70 of the total battery storage capacity. Once that
portion of the initial stored energy has been used) the battery generally
cannot supply enough vol tage ' I tronic circuit. Wen
the useful |ife of these battthEi!‘rdb‘%‘*i,«l:ltEy ; ) suners usual ly throw
the batteries away even though the battery still contains between
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time of a rechargeable battery, however, is primarily dependent upon the
nunber of and the efficiency of the charge cycles. Rechargeable batteries
may be recharged and reus@AGKGROIIND QFSEHEINVENTION As with a prinmary
battery, after a percentage of the battery storage capacity has been used,
the battery typically cannot supply enough voltage to drive an electronic
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el ectroni c devi ces that re nultiple single-cel atteries or a
multiple-cell battery, and sonme nultiple-cell batteries, for exanple) have
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cells could permanently damage the one or nore of the cells may even
cause an explosion. In order to avoid this type of problem %m@mmmmmum
desi gners have provi ded el aborate control schenmes in an atte

that each el ectrochem cal cell is charged to the sane | evel as tMeowther
el ectrochem cal cells and overall safety is not conprom sed. These schenes,
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and overall safety is not conprom sed. In addition, consunersgappgsani y
demand snmaller and |ighter portable electronic. devr ces. One of the primary
obst acl es wo opBki76g t hese devices smaller and lighter is thepcT/@s®/Auha

| UU2 WO 99/52170 3 PCT/ US99/ 07170 size and wei ght of the batteries required
to power the devices. In fact, as the elegtronic circuits get faster and
more conplex, they typically require even nore current than they did
before, and, therefore, the demands on the batteries are even greater.
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Some nore expensive electronic devrces |ncIude a voltage regulator circuit

such as a swi tching converter (] DC/ DC converter) .in the devices for
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ot herwi se be ex austed because the output voltage is |less than the | oad
circuit requires. The approach of having the converter in the electronic
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relatively t he el ec ni c evr ces ause ever
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cannot be arglash prpdidy wisafeanggelconlitibrisi onal |y, the converters take up
val uabl e space in the el ectronic devices. Al so, sone electronic devices my
use linear regulators instead of nore efficient switching converters such
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i nput vol tag@veRAF&T R WSt cohlpfolsegl roni ¢ device nust contain several

el ectrochem cal cells]; even though the electronic device itself may only
require a single cell to operate. This results in wasted space and wei ght
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cell. Sonme netal-air cell designs use nechanical valves to regulate the air
flowinto and out of the cell. Thus, it would be advantageous to provide a
single-cell battery having a built-in controller or a nmultiple-cell battery
that has a built-in controller in each cell in order to provide control of

the varying el ectrochem cal properties or states of each individual

el ectrochem cal ceII Thus a need exrsts to optrnally use the stored

o Y o I T o . . Y o 1 . o v



SUMMARY COF THE | NVENTI ON According to the invention of first gsmctwutzhere
Is provided a battery 2 s AuU zooz 4a characterized in that “it conpri ses:

a. a contaj uding a positive ternmnal and a negative pgh 'Sg@Pﬂ-,p. a
single el ew%% 2?#1 cal cell disposed within said container, said cell

having a positive electrode, a negative el ectrode and a cell voltage
nmeasured across said positive el ectrode aAd said negative el ectrode of said
cell; and c. a controller electrically connected between said el ectrodes of
said cell and said termnals of said container to create an output voltage
measur ed acsizsandweighpobthei basteries riavired angowar therdayies.v én fast,nasnthle ebdctronic
cont ai ner, Sadufls GRNTAsRr 1284 nb&b%nﬂﬂé@ttﬁ% ttyBicHHr}nfetqQTre QU%} Hforér,@ﬁﬁeﬂfth%rli‘?hey

foll ow ng physical paranmeters selecte romthe group an interna
i npedance ofiddsferecand, thﬂ&fb&eah%r %é(ﬂ‘ic@ﬁthaﬁﬁﬁlﬁrﬂfeseé(%i BEAETr o COBIIMRIS:Ng

adapted to keandved! willenodpgicapt aibref peérflicald nidieR@ized devivaé df RRY Sinéhsed
i nventi,on of sqcond asgect thg re i.s provided a

par anet er. ccord'}g’g t({) th
battery chaREi{URILaN] sPeedatedrires gt 1Q Seplace or,rechares; aftpries, AUl more
posi tive t efrequeatly.afthus inagden webhikt fistealand bnorarcofiphxt ¢lestfvmig devicesewithout

di sposed wi thin_said.contginer .d cell .having a 1tive. el ectrade
negative el éeecﬁasl&g tgﬂ‘g“%@éﬁ?‘f’ ”&%?'?‘3‘3%"‘%8%"5‘ uegé] e‘gf:orLbs%gﬁ%é?%rﬁ&'i‘?rf\?g%ém%
el ectrode ad@rdhe battieries gherselvegineed toprovise geesiter uwidikationafdtared emergwl | er

el ectrically connected between said el ectrodes of said cell and said
termnals of said container to create an output voltage neasured acrocis
sai d positive tePPRHIOTEREPEISIVE ClfEHARICSVICRY IRFIHES 2 ¥oltaggiraeu#Rr Sirpt Suchasy
cont a ol l er f@ivnglaiagi&laf‘e&drge@e,t g DCAIC o Ndriery & tl%g@emwffaﬂ doﬁt/@rﬁﬁiland/or
i npedance of ,sai. ell tqo determine.a . remaining,charge of said cel[. .
Acbor ding AN (f5.avend yolpet i G bRREC N Mhedk abies Shuflsihele gl pisseries
char act er i zard gemertihatorinected ipseressandathe aotabvdlagaef these batthriey incq@oerted weo
term nal anc, g aeqalii%d bySho1dMA lcirell b3 ShEsld OHETEAb: S8t iR PG ime
w t hin said contai ner, said cell having a positive el'eCtiode, a negative
el ectrode aofce arimery bsittryafer exemple,dy stepring dewndhp beitenyveutpuieveltagseinaing
sai d negat 'iMﬁia?k)@ﬁfo'ho&eth@fba%bddﬁgllldr%e 2pde wherdth@Ybatte”POBuDotherwise slui)pl

controller electrjcally connected between said el ectrgdes of said c
sai d terni AP ¥pltags; dindothersforer mose Roxsrethan it oad Yt atrguiteastidier b
across sai Git¢pping wpy chet tatt@hnadtpandoltage dn tedatérviriiet of thalbanérysdischageniheraer ,
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nomi nal voldimyk requizeai d cel |, a rated capacity of said cell, a peak current
delivery capability of said cell, and an optinmal current delivery
capability of said cell. According to the invention of fourth aspect there

i s provided a balbeprprioagh #&t SRYIREINE (FopYRIteriip the BisFirenis: deyiceg hopisver,
i ncl.udi ng aep&al dlawbatlel HiRglth@Benverfefdat raigtivieBr éipBive 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 designed to take advantage of the specific
electrochemical properties of each type of electrochemical cell. Third, different types of
primary and rechargeable electrochemical cells such as alkaline and lithium cells have
different electrochemical properties and nominal voltages and, therefore, cannot be readily
interchanged.  Additionally, the converters take up valuable space in the electronic
devices. Also, some electronic devices may use linear regulators instead of more efficient
switching converters such as a DC/DC converter. In addition, electronic devices
containing switching converters may create electromagnetic interference (EMI) that may
adversely affect adjacent circuitry in the electronic device such as a radio frequency (RF)
transmitter. By placing the converter in the battery, however, the source of the EMI can



b. an el ectrochem cal cell disposed within said container, saigd Qghl 2fEvi ng
a positive electrode, a negative electrode and a cell vol tage neasured
across said positive electrode and said negative el ectrode of said cell;
and c. a controller electrically connecged between said el ectrodes of said
cell and said termnals of said container to create an output voltage
neasur ed agy lacedSaitlbrpoay fioweother PMIdénsai@ ckatidnice gad/bieoul @bdiieidedby
container, said controller bheing adapted to el ectronically disconnect said
cel | from%%?fkﬂluﬁté‘ferﬁoﬁéﬂl@f@ft®élagela/ont ai ner when said controller detects one
or nore of the followi ng conditions: an inverse polarity, a short-circuit,
an overcharge of said cell, a tenperature of said cell exceeding a

predet er mi ned tAnpherirablem witlypresn esBagecoaterteas @ thatltheyetypiealty ngeda

pr edet er mi ned, pressurge, and hydr ogen gas concentrati on exceeding. a

pr edet er ni A 1p%/§?%)@ﬁﬂﬁl§§1 Dnespecialivy .reAe%F%%hrteozmﬁ@aﬁ Detitkedn of
firth aspechnifiRRiCd) AUAMLARi® RRLLEL h GE BThSVia¢atbush vblidle blrive
conprises: a. a container including a positive termnal, a negative

term nal athd canyester. Jherder tdavoad this groblein presentcenwantrsusseltpreduire orudiipge ve,

of sai d cosiediasBriat oells SofieglefSE atieR 10 providRlendBptllag® o vl LG P
cont ai ner, corbslerS ®hlchhausi tﬁglll lﬁep t}|% VoltAls dSPR a41%va<}§d1difeuq;y§h@elte_é@aﬁe a

negative el ectrode and a c vol t age neasured across said positive
el ectrode @avices Zhws, dugte the eomieder's ingut witagarequirements,dheielgctranie devi¢eol | er

Cer mi nal o B CRRRTIsREP Ak e RRalodsCHeh 2 M AP dev A ba b o

sai d posi ténlg réirgianalglead ajperats Taisireelds & Wattad spilce and telp@bimd ner, said
controller being adapted to control said first mcroval ve and said second
i cr oval vePlierenspanhenminjatuyzationtof ghe degtroniclgviags.o sai d cont ai ner. Accordi ng
to the invention of sixth aspect there is provided the battery of any of
the preceding clains further conprising: a. a housing having an out put

posi tive term n@ther gypds aficadls) quoh aneaged-aireells requirala; cldselyaconeobledl cont ai ner

at | east substanti aIfJK contained wthin sai d_housgl ng, .said secog&cont ai ner
havi ng a sEPERAMEBRIERselectshpmicabreaghon t maximize heeryRgiTEdHRS P negative

termnal, &4 90&%91%?&1—5&106&1%&@%& B& MechahRal valwedld Yegﬁ&%@hﬁ%&@in%@hﬂh out put
positive term nal and said output negative term nal” of said housing; c. a
second el ecutroftheceellcal cel | di sposed within said second container, said
second cell having a second positive electrode electrically connected to
said second container positive termnal, a second negative el ectrode

electrically coPRechsfkbull®bs MvanBgeaiRdo pRIAR I\Gh l%%bb&’&yh%iﬂ% Adhilt-and a
second cell vol tage neasured across said secondg positive el ectrode and said

second negeantspderdracmpkiiple-callbattenithathas s builemconirellerdn caefeealldaordasso or nore
of the fol i N (1) ' r j:cal [
el ectroc hehmgggg %831](14)1;0@% %I@(lggt% gﬁcﬁgéh%glﬁgaﬁgfo%gg}ea oﬁg%geg%@%c%@h{iﬂlélg alat | east
one m crovelksteocHemjrabedl.i n a portion of said container and/or said housing;
said controller being adapted to control said microvalve to control air
flow into and/or out of said container and/or said housing; and/or (ii)
further includi fg,a,366008sts RNHtAIE usE hRGhdrkb& Bhdr¥e GRPRERLBLLHICLAREY Sai d
second el ectrode of asa'TQg s%con ce%lsluz;nc}%saﬂ;d sec%%dpterm&ﬁal é;? sgllpd
second conbaforearhprgiag the dhtiery iw ollerntocmbxingtd its Srviecivartoea Bysjespaing

control | er bei.ng adae.t ed to control a charging current froman external 2
g AUG 2002batterle to provide a greater utilization of their stored energy, electronic devices can

also use smaller or fewer batteries in order to further miniaturize portable electronic

devices.
SUMMARY OF THE INVENTION

According to the invention of first aspect there is provided a battery



4d charging circuit and/or from said second cell, preferably i (KP 0
controller is adapted to control said charging current accordi ra#g B %Q
specific sequence to charge said cell. According to the invention of
seventh aspect there is provided a battgry characterized in that it
conprises: a. a container including a positive termnal and a negative
termnal; dharRtetizB@lethel ie6dhpgdeem cal cel | disposed within said container,
said cell having a positive el ectrode, a negative electrode and a cell

vol tage neasuredl acraextapsrdngluding ippesiive tearmywbanthainegative teegiinalive el ect r ode
of said cell; and c. rol l,er .el nical Ly . |_.bet we aid

el ectrodes of 2%1 d c® Pgl g%gec{s)rg?hgn}lga#%&%%%&gfi X%%‘?Iggaggéﬁ'?lﬁgrr Sfi“g%%l?eat e an
out put vol t age meas Uligthgapesitbvessidotrode S rieigiitivd dédtiodalandadels ablthgaegat i ve
term nal of container, wherein the battery further includes at |east one

nmi croval ve, said conBfdurediaceqsssaidppsitiye elastepdeiand sdidnggativs edestodort aji r or
oxygen flow into saig:¢comt ?{l@er, said controller is preferably adapted to
open said mcrovalve to a]I’ ow air to diffuse into said contai ner when air

i s needed for tde baitaplleoelpetivalecoaneaelbot@eercsaid elastralleavhsamcdlbr t o
close said mcrovalve to, prevent air, fromdiffusing into said container
when an air concent r3tdgi ternigals o said cantABET toCreqts £ SYRM: voltage measuged  er y
to provide a requir egruishiliyostliveidmiditnd Uik RTaCO bR RIcAREORT

m croval ve di sposed I1n a portion of said periphery of sald contal ner, said
control |l er being adapmngellenbeingradaptedsaimbnitbcomevalmaere afithefallawingcond

m cr oval ve i ndependent | % Accordin 1tod{fhe {nventi of . eighth s%;a t here
is provided a batteré)‘yé 31‘%%?‘8???@ eCfd 1100y the Braup g andpiernal impeday) i ner
including a positivesgi®dn zﬂfd'al@{lﬂo@n%ﬁ@dnwﬁoﬁ,%ﬁiﬂldaﬁiréllé?-beﬁnga!dH%b@_to

el ectrochem cal cell disposed within said container, said cell having a
positive el ectrode, @Hﬁ@gﬁ@iopéraépééﬂ%‘b@elhme@um said/physiegbparemeigr-ed acr oss
said positive electrode and said negative el ectrode of said cell; and c. a
controller electrically connected between said el ectrodes of said cell and
sai d term nal s Atcdiding t6 tHetidvenEibn bosdcbf@hdeaitherdtipprovidel hagherfeasur ed
across said positive termnal and said negative term nal of container, 2
s au U 2oaghamstegized &) that fheompptisesry furt her includes at |east one

m croval ve, saigl conf f il G0Nk gﬂ&@ﬁivé?éngﬁi@ggﬁ@gﬁ%ga%fvé%fir‘HI-rO' air or

oxygen flow into said container, contr eferabl’y adapted to
open sai d m crobal vear eeatdchemival celladishosédievthinrshanl ataines osaiddatidavidpen ai r

is needed for the batter o provide a required current drain and/or to
close said microval v%os_ftb‘yepﬁtl"é\@ﬂf’ egatiyy faxori?agﬁg ﬁej_elfmlaaggéwsws t ai ner
when an air concentrahbQiaidpoifive efcRibd ﬁ_ﬁrsaicﬁn%uﬂ‘i{ré Qb&RYdeoPLaill REI AU ery
to provide a required current drain wherein said mcrovalve is part of an

array of m crovel vesaeonirdilgr elhesricaltyngamingdtedjbetweerc saidiclaetrades of said eelbval ves

di sposed in a portion pf.said. peri.phery of said container, .said controller
bei ng adapt ed Lo contibriErHinaForgA eonfeD ires s Uty BB BSHESd  ay o
m croval ves i ndependggbdsysaidipdsitive @tnitial RES sfll neg it t@BIMRNOE 8did 6ehthimend
di fferent individual electrochem cal cells of the same type have varying

el ectrocheni cal pr optiid penrallgpbeing gdaptadde detertesaishesllaxaligee andignointesealet y of
that particular cell impAédﬁf?&tJf%%ﬁldt%lrgllQ&‘Hét&%xkiﬂéQréﬁﬁﬂin 'c&&/}ggg‘f?ﬁﬁ‘cgﬂl cel| may

optim ze at |east one ‘aspect o e operation or safe at cell. The
2 9 AUG 2002 WD 99152170 5

According to the invention of third aspect there is provided a battery
characterized in that it comprises:
a container including a positive terminal and a negative terminal,
b. an electrochemical cell disposed within said container, said cell having a
positive electrode, a negative electrode and a cell voltage measured

across said positive electrode and said negative electrode of said cell; and



PCTNS99/ 07170 controller is preferably di sposed on a m xed-nod ii I Fc%z
chip that is custom designed for operation with a particular t?p ‘W

el ectrochem cal cell such as an al kaline) nickel cadm um ("N Cd"), lithium
silver oxide or hybrid cell. The battergpes nay be operated individually or
in conbination with one or nore simlar batteries. In each type of

el ectrochemi cal c.cel | 3 cddi@liePEle@tit Ay dhhéteEhiWed hdélesrIdRE ¥f Saad chF

optim zed by controlling one or nore of the el ectrochem cal characteristics
of that particul ar etnsciaidletneinnlsaif saidicpntaingniosireate o owpel voltagpmeasvaed nay be
performed by this controller include.using a nverter . xtend the
ervice run time of  tRessaposlive KafumtTuRPsde Rearye GRMIGH bELid Corfiher

el ectrocheni cal cel | sdiycelitfoie# ingludingi dnGléch@nichi@ertifieatisioehald &illinglodipgr ti es
of that particular cell; providing a safety disconnect in the event of

over heating, inver sedtdeashpne ‘iﬁth§ﬁ&“P5%1F?T€@|¥fP{11 e oppaid selt. @ nogiBdlchar ge,
over-di scharge or ex L o0 r I to
optim ze the flow of@Fa?kgfs%i%gﬁ%?tﬁgS@C%{Og%‘%@ﬂt@f%ﬁlﬁ@%ﬂg?@mo itoring
the state of charge cdpabihityt ofsaid ¢etlybad aredptivhal colrentideliverg ebpability of saidde t hi s
information to the u%il(re) the device, or for quality assurance purposes. A
controller of the pr nt invention may include any one or nore of the
above listed functions, and may al so alternatively include other functions
in addition to those exanpl es given here. Other features and advant ages of
the present i nvAntdrdingde thedewmtiobef fonirthraspes theot istpoovtidkel aleadtery pti on of a
preferred nbogi megt f the invention. BRI EF DESCRI PTI ON OF THE DRAW NGS
Wil e the glﬁé 190 Bt LSARPURFSs with claims particularly pointing out and
distinctly claiging §bentsivél ieludimtalsitive #rmlisal a8 ane@dive Serhdigal Pr esent
invention, it is believed that the invention will be better understood from
the followi ng descri i ¢leetroolhpmica! ¢adl digposed withingejd eestainns, seid eelkhpving a
acconpanyi ng draw ngs, .Fi IS cliv i j

cylindrical battery é?srltﬁ‘ﬁqegécgr.(%ﬁiag%eggggé?ﬁg&?dﬁgggéecg ivgliag\%intéévé\}e{g% 8anot her
typical cylindrical habiseald fisttivetelsc@oddinibaR] Regativiele@tddc @f shid ¢kl vundl yet

anot her typical cylindrical battery structure. Figure 4 is a bl ock diagram
of a battery of¢the preyeier plsctaigaliospnnpsted petween faid gleptrogder ofsaideelin of one

preferred embodi ment ﬁlsfgpﬁngﬁltafseiﬁéaiﬁrl@i\ﬁmegg ér%ié Gn But 8% goa{%gié‘#gag&gg WO

99/ 52170 6 PCT/ US99/ ure I's a agra r preferred
enbodi ment of the baadressysarihmositivenerkingl mad daid hegative tetfina ofi céuitaiakr, daidgr am
of yet another preferred enpadi nent of the battery shown in Figure. 4.
Figure 5A i's a parti &¥ipliex _%é@p@éetefeaﬂamﬁye _@Fmsctﬁ?lé_fcsﬁf%&l Bbodi ment
of a battery of the RLGHRN ofisBEBhiater Whel Y8 caifrdlfer Betldk bhébt mofX@ oded,

sectional view of another preferred enmbodi ment of a battery of the present
i nvention. Figure SCthedobowingtconditignsapinygesd polreity pebortweircyitaw of yet

another preferred emodi mRit ofhidfeel®h tedfiperired?ail el BRlecliiiy Gt | ON-
predetermined temperature, a gas pressure of said cell exceeding a
predetermined pressure, and a hydrogen gas concentration exceeding a

predetermined hydrogen gas concentration.

According to the invention of fifth aspect there is provided a battery

characterized in that it comprises:

a. a container including a positive terminal, a negative terminal and a
periphery;
b. a first microvalve and a second microvalve, said first and second

microvalves disposed on a portion of said periphery of said container;

c. an electrochemical cell disposed within said container, said cell having a



Figure 6 is a perspective view, partially in section) of a prEffrrﬁﬂ;(ZUUZ
enbodi nent of a battery of the present invention. Figure 7 is & 8

di agram of anot her preferred enbodi nent of a battery of the present

i nvention. Figure 8 is a block di agramgef yet another preferred enbodi nent
of a battery of the present invention. Figure 9 is a bl ock diagram of

anot her preferred ennefiveRictole,a negitverdlectbdé el eabesliage mMeatirt@n. Figure
9A is a schematic diagramof one enbodi nent of an_aspect of the preferred
enbodi ment of the bagcressyaidpopitiye electpodering spid mgpative elediiode RE shidgellitnédf yet
anot her preferrged e ' . | gent  of
the battery of (Ei gu%gﬁt@%ﬂgérl%lyﬁ%ﬁgg%7ﬁ t&’g‘%a%?cg%%&ggﬁg%ﬁ F%(ri])(g!f er
preferred enbodi mentandfsafl temhingls Wf sdid cotaipectoanéatd ayveutputorvltage messarddl is a
bl ock di agram of anot her preferred enpbodi pent of a battery_of the present

i nvention. Figure 1?@%88@%%@@@#&@9% pegatye raminyd 8f wald erntaifgiodi nent
of a battery of the SERtto11bMYERY & ' i ' | of a

bl ock and a schenati%chl agrg?np%é aél%?ﬁgrﬁbg?ﬁet é%éﬁ&éﬁzﬁg@%ﬁgfaﬁggﬁg battery
of the present i nveniccaml miirgeale ihdepesdentlyrtaghntod] adti fiovi sntg eaid kamtainter i sti ¢
curves for a typical battery and . two different preferred enbodi nents of
batteries of the present invention. Figure 15 is a conbination of a block
and schemati ¢ dha@r@ifp & theshveation BESixth A3p&h Blck &R pRoWRAEH thB BhttQy ofakpbt ery of
the present invention. Figure 16 is a block diagramof one enbodinent of a
char ge subthe praceding glaims furthept@nprising: Fi gure 15. ~ 9 AUG 2002 WD 99152170
7 PCT/US99107170 Figure 17 4 s.a block diagram of another enpodi pent of a
charge sub- cont¥ol I ¥ %‘E"@e}balv&ge% quﬁpq&ipaﬂﬂge %plqgﬁ&ﬂ @fgtp{ﬁgne&agg%i nation
of a block and schemgihinadi agram of yet another preferred enbodi ment of a
battery of the present invention. Figure 19 is a bl ock diagram of one
enbodi ment of ab-wal vasesard e@rraipey gt dgastsiibstantially contained within said housing,

said second container having a second container positive terminal and a

second container negative terminal, said second container being
electrically connected to said output positive terminal and said output
negative terminal of said housing;

C. a second electrochemical cell disposed within said second container, said
second cell having a second positive electrode electrically connected to
said second container positive terminal, a second negative electrode
electrically connected to said second container negative terminal, and a
second cell voltage measured across said second positive electrode and
said second negative electrode;
wherein the battery further includes one or more of the following:

(1) said electrochemical cell is a metal-air electrochemical cell; said
container and/or said housing includes at least one microvalve disposed
in a portion of said container and/or said housing; said controller being
adapted to control said microvalve to control air flow into and/or out of
said container and/or said housing; and/or

(i)  further including a second controller electrically connected between said
second electrode of said second cell and said second terminal of said
second container; said electrochemical cell is rechargeable; said

controller being adapted to control a charging current from an external



depicted in Figure 18. Figure 20 is a block diagram of anot her enbo&r?@lt
of a valve sub-controller as depicted in Figure 18. DETAILED DESERMPT| OF
THE | NVENTI ON The present invention relates to single-cell and

mul tiple-cell batteries. The term"primgry"” is used in this application and
refer to a battery or an electrochemcal cell that is intended to be

di scarded after its &ﬁ?iggci%lﬁpérfdy&fﬁon%&ﬁdMn&wﬁ%émrab%ahﬁﬁﬁu‘éﬁ@ﬂ gt ed
(i.e., it is not intended to be recharged or otherw se ré-used). The terns
"rechar geabl e" and "laptsddacyntirad said ghargingrmumentrenouditig tp aispecific sequeptd cat i on
and refer to a battery,or an.electrochemcal cell that is intended to be
recharged at | east oti?ccgargtsgﬂdcle s usable electrical storage capacity has
been depleted (i.e., it is intended to be reused at |east once). The term
"consunmer” in this application refers to a battery that is intended to be
used in an el ecOPendiag & theivantipp ofjesyenth aspact Higtei§ pervideseabatlerya consuner
The term"gj - 1 .10 . a battery having a single el ectrochem cal
cel | packac;ﬂeagillkeﬁ%lﬁﬂﬂdtgg fg&éﬁ%%?gas a standard AA, AAA., C or D type
battery, or a sa.ngloentader inchudingraipdsitvectemainhl dndtat repytiestegminalsuch as a
standard 9 volt battery or a batter or a .c ul t el epho r. lapto
conputer). The bo s @lf:@rqphemiesafeﬁﬁ iSosed Wt {nasaa GoukiRGaid ealbhay i, o
contai ner having ta%fo@?éi%'el%cﬁ‘&d’e,ﬁn% aﬂﬂzle%le%{rﬁffé AREDEM Coag Rlehsur@ adoddOUSi N9
that has termnal s and at |east substantially contains gwo or nore

el ectrocheni cal cehidpogitivg electodst anddaidche@ating dledimile of saidcell apdttery for a

| lular tel eph | apt t he el ectrocheni | d not
be. compl et a1y eorsSaoB TRuaDY Shseied Phin SRRSO sofirel Fafvt aual
container. A port ahldeerinih41p B8PSR B@tithifiEito chéafe AXAIPI Kol ARYMERN A drdsyO Or

more el ectrochemi cal cells that each have their own individual containers
and are packaged tsaigdorisive taymanal nd satd negative teminad oheandginerl t hat hol ds t he

 ndi vi dual cont ai rieReib v bty RHber TR a SEP R Bl B B0 el ¢ or

"hybrid battery" icoftrélifg said mitiolve te&trobait beoyydeh Mowciaty Qid\soritdiferpr nmor e
el ectrochem cal cells of which at |east two of those cells have different

el ect rocheni cal elsaifeengoliardnprgberably adaniedeteropen saif myerovalye i allaw aiito pai r of
el ectrodes or a dij e o I 40.8 PCT/ U
S99/ 07170 The ter r%fl{fg%ﬁ%gﬁdec%h{ag{se}l@ga a}rﬁs ?ﬁaé@g%p %%éﬁ%}gﬁ) p?é%‘é?% to a
circuit that acceptquizt chmastdrainandfopta clssegrarl mivnavapvedts iptkaentdir fremst one

out put signal that,js.a function of the inpyt signal. The.terns, "DC DC
converter” and "c&ﬁ‘{f‘éﬁ“ﬂge’tn,tos 4@%@8@‘%@“&%‘?@@ W“’Pﬁ“faﬁ%go‘%‘ﬁ@i‘éati on
and refer to a SV"!shﬁiné?ﬂférMH@bat’cerﬁtopr@vﬁl%‘gﬁ&ﬁ,ﬁr'eﬁ%ﬁfréﬁ|drﬁﬁ;Q@ DC converter
that converts an input DC voltage to a required DC output voltage. DC DC
converters are poverthesicomprising@ se¢andunicwovalvatdisposaskinprpoviieteotsaidegul at ed
out put. The converter, may.pr.ovi de. a st.epped- vol t vel .

ot epped- down vol t F5EPHEY BF S “hitFafh Faif B oulE B e st More it | cvel
Many different typgiRrdvhlveGhdPsaid 8800RHhEEHVANE iNRpbndeWn i n the art. The
present invention contenplates the use of known converters or |inear

regul ators as possible, though | ess advantageous, substitutions for the
preferred convery . I q ' ' | pabl e of
operating at voﬁ%gcggmggg/gfeslgg%tlg\gvo\%\gfgﬁgla%g%éltglgﬁtré %&é{):{l?%dn?é&cfggi ces can
oper at e. Thieardatetizedfid thaolticamptisesf an el ectronic device is the voltage bel ow
whi ch an electric or el,ectr?n'_c devi.gce connected to g battery cannot

operate. Thus, fhe oogipinegincluding agesitiyetegaipabandpnpgativierminal = (he | evel
depends on the 'r&a;\%é idkay QLit i witheh SRYEdRaindrGid BFAd AT

end- poi nt) or tﬁ]e fre uglﬁ%@% oger%t@glgos?e.g., %ust&bé arb é to cdharge
capaci tor within a ppsitee elactredgemiegatjve eldzsbde hieta calhvatage miecamsedacressa
cut-off voltage in the range fromapout 1 volt to abqut. 1.2 vqglts, with
some of the elect rsa}ﬁ]iR?SH’é'\‘?i%feégoﬁ%%r}adgs@d;“e@ﬁw%?l“tmlo @%‘dﬁglilaé‘a/ as about 0.9
volts. El ectriccdevim@dlétMctil@§ cORRLAA elhediMid WedddbSof sakCEIBRde! ectric
clocks, notors and el ectromechanical relays also have a cut-off voltage
that is necessary sets tomuinpld of 63id ggitfainer tocngate en eutpuit wltage wieasmredornseniet i c
field strong enough. {0 ve the  nmechani cal. LS. her, .el ectric devices)
such as a flashi| oA PosRREssmise 58 AaR nEE P LB L Gl BoF T Vol age, - bu
as the voltage of the battery powering it decreases, the output power
(e.g., bulb intensity) will also decrease. If a single electrochemcal cell
is powering a device having a cut-off voltage, the el ectrochemcal cell is
"subject to" the cut-off voltage of the device in that the battery nust

provi de an output voltage that is greater than or equal to the cut-off
vol tage of the device or else the device will shut-off. If two or nore




used to power the device) however, each electrochemcal cell is on
"subject to" onethird of the cut-off voltage of the device. Thdé)Aﬂ§ A
nunber of cells "n" are connected in series and are powering the device,
each cell is "subject to" a portion of gehe cut-off voltage of the device
that may be defined as the cut-off voltage divided by n, where nis an
integer. |f two oRRERILHIRIRGENTRARK ifdhdditk Iastine ntieRNaReefid conddilad | el to
power the electronic device, however) each cell is still "subject to" the
full cut-off volt agetrgdling paid gueiovave moedintrobainpr 9xygen flowi igtogepd ¢asdainasn, i f

two or nore electroghem cal .cells are ected i.n _series,.and that series
connection i s coni& tcgatrﬁ?lﬁarb%}?rg*elraeqzi‘y ﬁﬁ%ﬁe gﬂé’l’gl} Saﬁ%pel ISYﬁg? toezﬂgcm ?lgi%en‘i cal
cells, each of thdifheeiigsssidrosaiRdwheh hi idhieRded hitachatles tolgaevid@ne portion
of the cut-off voltage as if electrochem cal cells connected in_ series were
only el ectrocheni éeduited cpgenslgin apd(or locclone\spidaniceyyalvedp pravertait fiempr esent
invention is to ext he I G fer oA ol T - aprimry
el ectrochem cal céﬁ%g:@?q' %g(ﬁc}é{rt@ﬁeger Vi ca%ln‘i?rucr? ﬂ&rﬁﬁﬂ@%ﬁ{ﬁ&faﬁg&&{}g tlgr y run
time" are interchaoffeint forahdbateey thefrovidel a asquited ctiirerd dodin Wherei saithar ge
cycle until the output voltage of the hattery drops. bel ow t he, m ni num
operating vol tage n%)‘f’rot"ﬁ'é(eé%!?ﬂrk‘éfo%'fay é“ffé?f"%/l@?%ﬂ‘{)dsfuﬁ%wm?&smig.ae. , the
cut-off vol tage of i t . L8l 7 . i i§:qal so
referred to as t hgeé'drﬁgtr?n? égﬁgﬁrogﬂgesecﬁgedﬁser%@hdeprgrggﬁ Mcsgﬁ Pc;,ri’ﬁlﬁg t fiesgltdi me
requi red for the cehtainen seidrmpheoldribemgladapted td eonttobsdid animeof marowainesgy
under | oad conditions., , Thus, while the "cell run,tinme" is dependent upon

t he el ectrocheni c&¢&¥ F“FPQéPPyOf?%Q?V%%ﬁHH@FFW$m§¥1 the el ectrochem cal
energy of the cell, the "battery run tinme" is dependent upon the device in
which it is used. An electronic device having a cut-off voltage of about I

vol t, for exanpPéferontitypesiofielegisoghentiesh cellscand iffereyt indivisiyal eledtroghemigebps
bel ow 1 vol t,.e £ 2C 1 L.cal . ' at | east
50 obof 1 ¢ ElsRERE: BRI AE 8RR DRRRR AL SO PRt b AR P
"battery rogeriticiEindlorsafelyedfabal pagivalis ecli.tA cairolier bailtdato qackovi de enough
energy to drive the electronic¢c device and the battery is generally thrown
away. The elegrqchemical celmay ppfivaize at leag onp aspeet %fﬁh@ap%@eﬁwéaf%é%%ﬁq has
electrocheﬁhp%% energy remai ning. A rechargeable battery, however, has
multiple c afgefdischarge cycles. In a rechargeable battery) the "cycle
life" is defined as the nunber of charge/di scharge cycles that can be
achieved. The "battery run tinme" of a rechargeable battery refers to the
time of a single discharge cycle until the output voltage of the
rechargeabl e battery drops below the cut-off voltage of the device that the
battery is powering or the discharge is stopped to provide a greater cycle
life of the battery. The "battery service run tinme" of a rechargeable
battery) however, refers to the total nunber of charge/di scharge cycles in
2 ~ AUG 2002 WD 99/52170 10 PCT/ US99/ 07170 whi ch each di scharge cycl e has
an optimumrun tine. The "cell run tine" of a rechargeabl e el ectrochem cal
cell is the tine required for the cell to achieve optimal discharge depth
under | oad conditions during a single discharge cycle of that cell. As

di scussed above, the "cycle life" of a rechargeable battery is a function
of the depth of discharge that the rechargeabl e cell undergoes. As the
dept h of discharge increases) the battery run tinme also increases, but the
cycle life and the battery service run tinme decrease. Conversely, as the
dept h of discharge decreases) the battery run tinme al so decreases) but the
cycle life and the battery service run tine increase. From a devi ce usage
poi nt of view, however, shorter battery run time is inconvenient. Thus, for
each particular electrochem stry and design of a rechargeable battery a
rati o between the discharge depth and the cycle life can be optimzed to
allow for a greater battery service run tinme. One possible way to optim ze
the service run time of a rechargeable battery, for exanple) is to conpare
the cunul ative energy delivered, which nay be defined as the product of the
cycle life (i.e., nunmber of cycles) achieved at a particul ar discharge
depth and the anount of energy recovered in each of those cycles. In this

application, the ternms "useful life of the electrochem cal cell" or the
"cell useful life" are also used regardl ess of whether the el ectrochem cal
cell is a primary or rechargeable cell, and correspond to the battery run
time in that the "cell useful life" is the time until the cell is no |onger

useful in a particular discharge cycle because the el ectrochem cal cell can
no | onger provide enough voltage to drive the device that it is powering.
If the "cell run tinme" in a single-cell battery is extended or reduced,

I T N B Y 1 I T 1 2 1 o o L T T



a s Auc zooa WD 99/52170 |12 PCT/US99/ 07170 controller is connepgqgﬁiﬂq%
series or in parallel with the conbination of el ectrochem cal

controller o attery of the present invention may perfor re of
t he functygn&mﬁfﬁ%ed above, and may alternatively perforntog%er uncﬁ?ons
in addition to the functions |isted abov The controller, for exanple, may
only performtw or three of the functio s |l i sted above such as a
controlling the charging of a rechargeable battery containing at |east one
metal -air cell and controlling one or nore mcroval ves to control the
reaction reangrolier is peeferablyldisposecen b (mixed-maslorsiliconichip that is cuatomedssigared fore
present i nap%?ztztoanwttﬁya ; ARG BAR 6 eidibockdiaicalP €6l QUBR RAGR dlkaline nfige r ed
functi ons, cont I ndi ua

sub-control lers eac Ber ormone

or more ofcatdﬁe"wé@lﬂéd)fluhem,éﬁger ?’Hdﬁd’d|WPBﬁ cell heTl%bea%tﬂSr'B?){ ¢ $paERied
share ci rCiHHMdMal@UGP iR SconetiRdt e Wlt'thJhé foY rhbﬂ:t s.rrmwr Wa¢hiele Cankdchl tﬁ)'egé\ﬁ' S

to the individu trollers. ur es ypi cal, i ndri
o e Gl
bt tory 1oPismeRepdSefii it caputoR BT IandET SR B hRs by ferutciide
Each cyl i nshei arahorbatfitbe y&leﬂ:ﬁoshemucztlwheralaamstxdmeoﬁﬁmepmular slectrothandtal cell.
el enent s i i | ure
Cncl s XAl dbefbiiohE IR m R b Aldd Gl trid bribiee e Wil SDC/BE
i ncl udi ng @npmﬁfttb eatendthe nqtv-czounatmie af thst hastery; gontrelling dmrggcwlmegdtq ve

term nal QéiectrBBﬁenﬁQﬂt geiney @re@ﬂ%l%ﬁﬁoﬁngs'tﬂgl aeat@&kﬁ@&tle o?@hneerf tﬁﬂ
Figure 1 shows a conf |gur tion that may be used f or a cyl|ndi

i cal n
zi nc- car bdraula celb araiding a salety ‘b%?oﬂatct‘é? thejgyent g Pmrbeemf E'HGFSStHOEW %t he

entire topsheARirtait, So@@fﬁib@htéde @reﬁbhtatgens dvbtedﬁeh?drgé Vert edxdediple Zlﬂfdﬂigdnhe
battery 10. The insul a s er ofr. insul ates the conducti

cap 16 frcﬁ?P?’ﬁB%l%%‘t’ @Bﬁeﬁ? ‘%étpt‘"‘é’tf ‘hfhﬁoafl 8 ¥ otfe OBYELUPF Rt "‘c?gft 'Iagct or
26 el ect r itagtetyy aodmnemtcmrtghéteexttaer ofilchprgsi ¢ff tet tparticutal el2Girodhetrial ratl tter y
10 and th I ' 1 30.
The' bot t orfrcad: g nLotRLEh Ko ufE Bl "REEYACE oD ol Qi REbRETRIERs, 7
negative termnal 22 of the battery 10. The bottomcap is electrically

connected to th@c@ﬁ't?&fer(d?qﬁéltp'réé‘énﬂn%ﬁtid?\dﬁlay $eie Mo BEHoPE BETML Movee! |
30. Separ for %8 i s disposed between Pode gnd cat.hode aq)cﬂ“g%ow es the

means for st fstans: ? ntaMraétPgﬁttrﬁe%%etc YsieyRtaer MnSHART HY B @ &9 £ or
exanpl e, iexamples gizkh tefgackaged in this type of arrangement. Figure 2 shows
an alternative battery design in which an insulating washer or seal 24 is
shown insulating the bottomcap 18 fromthe el ectrochem cal cell 30. In
this case, the Qthei featuresparclgsivastages obthdpresentinvantidroanesdeseribedorith respect
termi nal 20 i adsepuRl el profcFRA dnid Rty L ulesineli@icht 1 cal |y connected to the
cat hode 32 of the electrochem cal cell . The bottomcap 18, which is also
conductive, forms the negative term nal 22 of the battery. 2 9 AU G 2002
WO 99152170 13 PCT/ USQQBRTE?Q)Esemptmom ONTHE DRAWENIGS cal | y connect ed
to the anode 34 of the battery cellT 30 via the current collector 26.
Separator 28 is disposed between the anode and cat hode and provi des the
means for ion A¥hitkuché apetificatiogh cohauddsemtitholclaires Fariicrany grointinge loay gadbl e
al Kol ne (EhETRABARE e SLMILr Sharll! Rl 1ieTend B¢ SYAND feodth GnfahBbR2N X

packaged in t \Aﬁﬁe arran er alter nat| ve
battery d dsligyed thpt wentipa will M@nenﬁieaméétqm e fplowingfegeripiio, which
"spirally 1¥\&H8rdmlc%|njdhcﬁ@n Withshé HE&dM;ﬁmynhE drdWing sjeSI gn, four layers are

d| sposed adj acent each other in a "lam nate- type structure. This

"l am nat e-type" structure may, for exanple, contain the follow ng order of

llayers: a cat hCRﬂ@JrEEIM@E paaspe@ntewtat/ of@ﬂﬂ:ﬁédl@ hddatcerba&&ry gruamede | ayer 34
and a second separ a nd separator |ayer

é ‘ﬁhl ve he sec § g_ﬁt
38 that 1 o not FEWEgdsA PELPREEE Yiftk of Sl R BRGSY STHCR I er sy
be repl aced by l'ﬂagﬂxreﬂamhatctmal aywrof yiharmthéraypnndtoghmdmm'f batterystructerel s t hen

rolled into a I i: uration and

pl aced in the co%‘{rggrt&é?%gafipdfdé}h wﬁgy ﬁ#&“gt&kht lﬁ]%]{t o washer or seal
24 is shown i ndigurei4rgisiatidockodiagram afborferpspferriad eetbedmmnéthec@tteeemo“gun I n
this case, 6é‘_[}§ 4éntire top cap 1 b is conductive and forns the positive
term nal ZF the battery 10. The top cap Ib is electrically connected to
the cathode | ayer 32 of the electrochem cal cell 30 via current collector
26. The bottom cap 18, which is al so conductive, forns the negative
termnal 22 of the battery. The bottomcap 18 is electrically connected to
the anode 34 of the battery cell 30 via conductive bottomplate 19.
Separator |ayers 28 are di sposed between the cathode | ayer 32 and t he anode
| ayer 34 and provide the nmeans for ion conduction through the electrolyte.
The 5| de waII 14 IS shown connect ed to both the top cap. 16 and the bottom

~ o




14 PCT/ US99/ 07170 For the purpose of the present invention, thﬁ bﬂk}eﬁﬁﬁ%
"container" 12 houses a single electrochemcal cell 30. The co fai 2

i ncl udes ayp ob/Ba76l ements necessary to insulate and protect pdEuswnII7O

el ectrodes 32 and 34, separator and the electrolyte of the el ectrochem cal

cell 30 fromthe environnment and from anygother electrochemcal cells in a
multiple-cell battery and to provide electrical energy fromthe

el ectrochem cal 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
boa 1 fve 20 andFHSERARL B 3 1pek Aty ohanctfsroeliires ormisiognt hfte batiery
connect i onslafwit indFigneel4.30. In a nultiple-cell battery, the container may be

an i ndividual s e c i Si | Q j I and
thi s container E@}%gtb%tagﬁ Cl‘o? ﬂ%&"??’f) & 'Ji“{rllg%‘e\?ipgﬁ%ﬁ%égﬁ{@mr@eﬁ O\?ﬂeh?%g)%e
mul ti pl e- céawroathigurg 4. Al ternatively, the container 12 may be forned by a
portion of the | Qf L [ | M eTaly Sy I |y
i sol ates the el g%?%ggs@;_n t Ile)I Eﬂé%@éIﬁ‘??"%?ﬁéﬁe&eI gf:\etf roc héer{r?nlg%ﬁllq}g@eﬁg
fromthe ebAiterbAhiStPressat Bwemtion her cell in the battery. The container 12

nmay be made of RigaasiBGE b pArtiENy xpRIded Sdéetioms vign atan&ﬁer?aeﬁﬁswkabbmment
| astic or a.polynmer. The container 12, however, is to

mat eri al , %‘JC{I@aS a % ,
be di sti ngPh SPRIFTY PEEPIRIAN MYEBUML| | battery housing that contains
separ at ed i ndi vFigued I5C issal gdredllyc expledeigiersyentivad viewg of tygt @awothet e pteferded

and el ectr . [FOr_ e I a standard.al kaline 9 volt battery housing
encl oses s%(yﬁ;aﬁ'éf"\]/ti (%I@a?aﬁ%nrﬁgﬁ}ﬁeo rgseelnpgm,@?rgéocrh havi ng their own contai ner
6l 2, as shown i highig6isa gerspectiverview,ipaniially i9 seasion, bfie peafereed embadiment, ofi e

housi ng ofpdifa helplenEalbndttery is formed such that it has individual
chanbers that%Is,o atpg_tﬂe e*ﬁ(‘actrodes and the electrolyte o

] f the
el ect rocheni cal Figereg ¢ is adogkdiagtams ofappthergpieinind; epehodypen afiiebatiay of dheal
cont ai nerzpréé’eniﬁfveﬁﬁ@rh cell and the housing for the entire battery. Figures
5A, 5B and SC show par.ti al | xpl oded vi ews, of three enbqodi nents ,of the
present invent is%ﬁ“f% ’%Fﬁ’&‘?‘é‘- &'@Eﬁa”b?fiV?fdar’IOél%ﬁr pﬁ?‘i% &f"‘&&?‘f’é"f‘f gt a baptery gf;r ¢
5A, the cohepodskrtrin@eéflions pl aced between the top cap 216 and the insul ating
washer 224 of t apt.e 0y itive tput 242. t he r
240 1 5 of ectri CAEHE obROIG g B B pa R eritoraly b3 GRS
21 0) whi chpresentiinveatiory adj acent to the controller 240, and the negative
output 244 of U1AGuROIARCh Lfendil disirith O bhl CbbYintANBP&! Al hEpRAGRL Ve
termnal 222 of fhe Iz;\téery Zﬁ)é% Im this exanple, the negative output 244
of the corfiMendiraentofdhe battenyobdigie Po t he negative termnal 222 of the
battery 210 vi aFigandoBtis ¥ 8lctkdiaghtml of Ztdanothérgltefefred Rnbbaiedent 68hn aspatact
w t h negat.i 1 ha 22 of dugt. | ottomcap 218 of the battery
210. In tht?]ésaegg'%g ?‘FIQ“%‘HI%&E%I*@Z"“‘@?@&% l}/r('?“r?ubst be electrically insul ated
2 9 AUG 2002 WFigoresPl is0a hlocR@idgraBad/yer aT@hén preferted emipdongnt 218 . balthey of
positive i e controller 240 is electrically connected to the
cat hode 2 g?gﬁesﬁgng%néfg?.r ochem cal cell 230 via current collector 226. The
negative input Bigsreo}! isonblosk|disgrampfiagodier prefereed embedimpaicefcadbatiery Ré ththode
234 of theyreleREinverdigin cal cell 230 via conductive strip 237.
Alternatively, the contro|]er 240 may. be placed petween the bottqom cap 218
and the insul at'gBUERE 156 Llﬁ‘{‘éﬁ%’éﬁ‘“ YFl ?‘g?fﬁﬁrrprje&"ﬁ FMoedimgat 9 lagIaHQ"f’};‘F t he
cont ai ner theé pteédentliab&ltionf the battery. In Figure 5B, the controller 340 is
pl aced between t.he bqottom cap 3l 8. and-t he, i psul.ator,325.0f.1he b 10.
The negative ouélgﬁfe 234’50? ?‘I[I)‘éb"é%'not%r gf IaeElogﬁ.Ognlds.%esIcgg ?ﬁlccéifalgflﬁ?:o(?ftnse'g@ée to
t he negat iprefetred embaldiBaR offa tiattenybefithe presgmtonventioeh is directly adjacent to
the controller et 4 t 2, ont .ol O.d
electrically qolﬁé{e?rcet ieigq% %%ﬁ@&) %lgsffli s%élﬁe\llr gtcg%}}r%c%é%lggb&g_g f(?hgl_ert)gg‘lfatl g)r5 §} 1aod.§l n
thi s exanmtwe,differenppssiferredeernbediments of bafteniaseof glampriesant invertan. i s connected to
the positive tegighaahs3¢0 RbmbiiarBRidred ¥lotkOand ScHeRARE JikgtSmSbdGe\Bhdthdl4)
which is in el eé@%éf cgant act vviltﬁ Eosi ti ve_ater_m' nal 32102{’02zn thgeconducti ve
top cap 3Pseferred gmbodinent\pfa hateryrofethg geasentyevantigit 346 of the control | er
340 is electri qagbbé ¢ORO|CchIBEk fd%gmﬁ dfasrRogifbotfideml oft Heh@ige GubRehEBllérads.
cell 330 vja con :ig;tl ve strip 336. The negative input 348 of controller 340
i s el ectrideRicled BFiBwE Dd to the anode 334 of the el ectrochenical cell 330
via current collector 326, which extends frombottomplate 319 into the
anode 334 of the electrochem cal cell 330. In such cases) the current
coll ector 326 and the negative input 348 of the controller 340 nust be
insulated fromthe negative termnal 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
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battery 110 of the present invention. Figure 4 shows a bl ock di agram of one
enbodi ment of a battery of the present invention utilizing an ertbédaefii?

i ntegrat ed yworbsnhper circuit 140. This embodi ment preferabl é’ Li.ti = |/(292127 a

m xed-node integrated circuit that has both digital and anal & At s.
The controller circuit could alternativel y be fabricated using an
application specific integrated circuit (YASIC'), a hybrid chip design, a
PC board or any other formof circuit fabrication technol ogy known in the
art. The controller circuit 140 may be placed inside the battery container
112 between the Hj84ieiis alfégcl\aﬁagrﬁéggtannéheremb@kimm@desshmfgetsbecomrouer as

el ectrocherdep&hed:mllir dr8Qsand the positive 120 and negative 122 term nals of
the battery. ThLi;: i control I er . 140 _contai ner connect the .

el ectrocheni cal c‘g't" B3 BocPRbipatiano b d@cblogh éind| sshematith disigteamh of eyelt ar@therr om
the term najrsfene&\@nﬁ@drﬁ%?@fﬂﬁat?e of\tie p64t Mddtldad9/ 07170 120 and 122 of
the container 132 r? j&k gr ta?i ize tf.he out&ﬁé voIt ge or the output

i npedance of the gell 15538 @EIN 19t e g mﬁ%&f’ yvat"’ér?an%Q@"Oilzo agnd
122. Figur é‘ewAtesiht)\I\’/;tg%ﬁéSpr eferred enbodi nent of the battery 110 of the
present |nvent|qn 4 co troller

connect ed H’? lﬁg@mgsaﬁllg%/kg&égg@ Pg n&%&“{.ﬁ%dﬁ r)t\e yalyg, ghb- Enirolier a3

el ect r ochefRigie d% fguigé and the positive ternmnal |20 of the battery

cont ai ner 12. The negative el ectrode (anode) |34 of the el ectrochem cal
cell 130 and t he negatb 22 of the battery container 112 share a
common ground with the <2 CRIPHOIN QF THE INYE hows an
alternative preferred enbodi ment of the battery 110 of the pr esent

i nvention in whig roller r at virt ground and

i sol ates the negat |'%/r€5%e]fpnv ?tbod‘erelaéﬁ got Bgl ﬁé‘&grrB‘gHB'ﬁtcé bagtenigs. 18be teram
the negati ViEim@y iisesed i thisdpplibatiancandaiefee to a battermp oaddleteb@ac}{emtas leﬂhdﬂﬁk t he
positive eiﬂ@éﬁd@@@@ bé%?sc?rfdea Qﬁerqltseﬁgagfecﬂé%}l&a?%to?aegrmcgé'?cgrtg&{ag (Iik'leg'ur es

termnal 120 of 8nt ai ner
4A and 4B Hhas Pt g“tznréﬁ d8\P&rechegehar otiesuige aprusesds Thihenmhfeclgplgedbﬂei’mm

Fi gure 4A “seosndaxgpfecused! in%ﬁ@hafn éab@y $h ik earppﬁéart'%H'% dF‘e?éfgl% Qaﬁé'tt%%' Jr GyoNn

ground for lLectro the contro
negati ve teéérlnﬁoncz’ ?C]P ﬁ‘(anh'é IeR e@r‘?]béd)ﬁ?heﬁ’ﬁ%f*’é’rati&@ ongecafiep it usablereleetnicalf
Fi gure 4A, Sth@&é\ﬁ@pacltyalmsttteen dbplacéda(mbagtensdhteh@amd bélgeused Qﬂ}é%tt Sticed.0 THRI K

der t | t h f
di scr et ;“?gﬁhit%t%@m'ms FEPcatH AP 07 Dot e oY uenda ) Sersediipionat
ground appHiPREPNIG Of ielectisydeviseepurshased air use@ byfa tomsubmt t dihe eant' aingt-cellr2
bot h i sol akfigs the BRGH |h‘dﬂn§|ae§hé19‘ifecgt%éhé?xfucél%ll?a@ﬁ& ﬁ%&%‘%&éd ad 30

fromthe | a al he_use of an al npst cohfefter.

This confi 8“3'} f({]grf‘” “{‘l%@e\?;?’ Diype baktery; snasinglererl! ra ruliiple-telgbatresy (e.g.,

i ncreased such auatstandmrroll Exolt patedry ar wbrattaﬁyl fogmumﬂaﬂ t@le?ﬁ&iﬂrortlﬁbtab Icemgater)
erate

vol tage ¢ ke ler onti nue

efficient F{/Hé\?m%{arﬁ ‘ﬁie ﬁalsqu#lp & anhct? PMC torﬂ)?ﬁ“h%ﬂ’erg‘@}'?‘&gj@'“?‘é%‘é?“‘bﬁ t he
el ectroc hérﬁg&leleéb’pph@nlgdrGﬁllACorsfndlmsrygtthﬁnbﬁsh&:tm&ﬂhodtdmttﬂea@f sﬁbsbﬁ’tttaﬂyy
110 of theoRtf; e er ci rc

wherein the S?E??& MBI Ot ARV &l (OhC 9 PhRRAS DAL fuleRl f ey for”

di schar ge 2G84y tslephane ef denipp qqmnuter) ¢ hdihgeelseioahomioabceliy rrcredcmtt b 04,
an emer geroypllielg OfRSEd HYixe ARASTG! Freah B Has 00w Al YE® H@m&iﬁ@rt ropler

circuit é“ﬁl L 5 ! glgrmnltorlng circult a sen
circuit 1 PRt %P Wedg%t THIPE SEABRIGe PBY cOPHRIve Op mnse etﬂC"ﬁﬁ‘P@méﬁl que
sub- cont r thdteach hanek thbie ostnaihdividialodvmt gigersand hrerjadkaget rté‘éé'tﬁer'n@% shﬁﬁlﬁ% on

cont i nuou FHat perating paranmeters and/or ph srca
condi t i on?la}gtfﬁeméstghgr {rﬁé‘ ﬁ%u‘%ﬁf Qﬁgﬁ'ﬁgﬁo%ﬁﬁr g&g’@ﬁ’t’l MpYpaeta femBletely,

t he el ect enelpsantheandieidbal copQinensbf the celhe Aelisedvnlthinggplication, @iﬁﬁtedrha\h?brﬁd om
2 9 AUG 2 7 | A ceI

the col | Vors Sau e aruaie el batent {14 condilinson o RaRTagMeieel el Fhs
may nmeasuPIdpat éQqShgwﬁaﬂfaﬂﬂiftser@“@fhatvnedlﬁ'meegchcmdctmnmtat @ldnents isnchuiat 440
such as 1 Bifferdtic Riorsab! ABEreRAFL SH b ABrddRY O 3 i Ucdolyfl L age and current
| evel s, etc. Further, the senang circurt may also neasu e physi cal
conditions of the el ectrochemical cell such as the tenperature, pressure, .
t he hydrogen and/or the oxygen concentration, etc. The sensing circuit |05
may neasure any conbi nation of these sufficient to effectively nonitor the
el ectrochem cal cell during a charge or discharge cycle as is known in the
art or described below. The discharge sub-controller circuit 102 controls

t he di scharge of the electrochem cal cells) 130 of the battery 110 in order
to provrde a Ionger servrce run trne of the ceII by provi ding a safe deep
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oxygen) the valve sub-controller 107 may regul ate the diffusig%gof ajr
oxygen into the cell. In a preferred enbodi nent of a recharge éuﬁagp%ry
of the pre ention, the discharge sub-controller 102 p

optim zes ?ﬁgﬁg%ﬁélce run tinme of the battery by controlllngﬁﬁﬁﬁk%?éﬁh%r e
depth of the cell in order to maxi m ze nunber of and the efficiency of the
charge cycles, and the controller ci rcui t8 140 may additionally include a
charge sub-controller circuit 104. The charge sub-controller circuit 104
safely and efficiently controls the charging of the el ectrochem cal cells)
130 of the batt dihg temo “contualiec’astused dmthis epplesation refeisttolaCir¢uit that egreptseal.
The sensi ngegg &f‘eqh,% gﬁap & 5rodikey featt'dm%t& H s%&gl ﬁtlat RG tumﬁﬁapbt pte%n{nne
operating paranete e controller circu

condi t i ons sighalt hEheetesms "BEHRE converser” |ang “copvertesy’ aéstalﬁgd er)tetcti@neeehbr inghis

circuit 103 ﬂl&ﬁtl@f?ﬂhd FhrferttBEh sQ\ﬁtchm‘gQ%@g% 4% QﬁE&ltF&leﬁ‘ECﬂCkohJﬂ&ter that
i nt ernal |rrpedance of Ezee ectrochéem ca el l , hyd ro&en Qf oxygen

concent r at CBRVErts ARpiapy; Bievolisge 4Q @rigquiss %oatpﬁ volsgas aPGR CosomisBiey argr
physi cal cepodet Ieltﬂtr&ﬁm\l\firduhs tthe aﬁén pi'dihnde RaFddutatédblypupr eﬂ'ﬁé refverter may

nmbodi t t h t t ted
ciroui 1 146 VR RRRGRE Ve H® RysliR ot enbad dovinities R BB e L gedor
directly noebédutdhé same hayek oMdny ddﬁ:semftygacw E@@thamcrelam wteh eknotvar igethe
sub-cont rol}e Th%%e&ﬂﬂtrﬂ%ﬂ%n%n%ﬁlﬁ es $ @J%m“ﬁfédngbﬁ&%yortl{hec A glﬁﬁgm cal

charglng control at nobnitors a batter avili n
cel | s. Theatpessigle, shanehdessadyantageonss substitniiorssfor Htsrsmg ewdmnwrietrﬁgietqt@ed

i nst ant anewauphem@umlm e ctaEﬁ;welroﬂeraan@ AtheoliBX 1 1BIER GRRAE Mherdhypibs
cell to continuously optim ze the charging conditions. In one enbodiment of

t he presenf'® Fth%?taFHﬁ s N OBAR%I | er may incl ude one or more of the

follow ng conponents: ( 1) a di scharge sub-controller, (2) a charge
sub-control |l er, o 3). a ney |sc nne ub con rol |

sub-control | er, T& dICBP ﬁms‘ﬂ%g e oFf)egﬁg?'ﬁe Fclii {he gfagé%gf whien’Sn
di scussi on;lecthe druelectrames daviee demteldetﬂ) arbatterynsarmbt |opdapen'ﬂb:st the “cut-off
sub- cont 1 ol Liefoe QF ddiideCdy Eﬁdenta‘qteu%e fe%él' Basoan fle Mﬁﬁp&xﬂ'ﬁéf ?Atin fvol gté"%\"er

does not requlre | naepen éirdult ment at 1 ons t1on

because nutheidsviser(thec netr*@at ﬁat-peme (Hetth &qqeww taperationt (-1 mrstrkg able to and
pref er abl YClﬂeré c@p’ﬁﬁtbﬂ@ﬂtlﬁrﬂk%x@erﬁhﬂﬂ' ﬁerfdd')CUMost ElREtrénia Nidvites 908 a cut-off

b- troll t ts f
or mor 6. oty iaEe 15 e Fitke ko APt haltofh FORTler2 SPUSnY L cRme B 1% PERETHE
t he el ect r devieesihasingc®Icuf- eﬁf voltagaas ﬂmdeapea’mbant) Seolts. n§lextric devicesmyhardaser e
the par a”%%ﬂ?anf&gp% {@?Q s &}?El? a§4k B§°¥10%E tMSmré'aﬂ'é %ﬁec?%@#ecﬁ%méél%ﬁ&?

related to ranme or con 1 ons o one or
sub- cont roNF(erhsVC Rueuthelf )voltagsotat d$ Inegessany 9 AMOVE 20U NCCYY$TB AD7 Oreat an

PCT/ US99/ Oaéaﬁbrﬁ@heharel Z@le%@gh t8mé&Vd @k Rdchfcat l;bhn@ommel dl&itsc HBtes,

per f or m ot he un S in a ion . to one or nore, of efunC|o lis
here. Di scﬂ’&[" é&éh { BefIer thaye RAgyEresbo oYﬂltagﬂ Byt 25gthe xoltage; O%he

service ruthet bd’i&ry)fp(ﬁvé?ﬁigt itr decpdaséshahpr anpot poeéerkigqnbuld ensify) seiliedlsd
ways. Fi rsé/éc L0 the case of a multiple-cell battery that contains at |east
one pri mar 0¥Feserve cell, or at |east one rechargeable cell that is
preferably dlscharged as conpletely as possi bl e before being recharged

(e.g., aNGCdc sxhglepeﬁﬁr%'&ﬁé?ﬁ}falcgeﬁqp?h%ﬁngg &e@ c@t?ﬁV lpgut ?%lt??e rmg e)

t he sub-control he e ectro hemc

the batter slecttWCBemrﬁal éelhee‘twtne@n W Hae quit-offy velipge| of cthe cﬁﬁ"l?edé\ﬁ‘%feﬂteh%‘%ul d
be ot herw ﬁﬁstﬁﬁ@@ﬁ@'a‘ﬁ odthiit Mﬁg@hﬁt ist é}%até!r smrgequamﬁmatdu@i&ﬂetow@% dflthew a

si ngl e-cel | battery to di scharge be t he poi nt where the éé vol tgtg
has dr oppefEVisl el §qw8wctﬁvx06fw'"\ﬁbvta IS#WPHE raer\ﬁf‘éectrqcttew eeliscarpanggd In

primary bageties, ymteher S bﬁ@nri eldeReOf e. tél@cth@iltyedoymﬁah‘d lbéth?:ﬁhBé%)ﬁﬁtlb&'

di schargin the el e em cal .cells) as de 0S !

throwi ng tHBUEFRigaLs %‘Xﬁvnesﬁw& BT Bab e b B s TR B y
servi ce rugortiomef tise ¢mmfﬁeaa@e bﬁ thebi deviver g‘i‘cﬂg;xhrlnpleeifembr«bednmﬁe:aicabeéllssard: 0
t he optimal di if the optiumal »d

Fechar geanfBneEd i SEAE A Ire abering o, BT RaeTRel) R, FEOREP forg BREalf ot the
devi ce vthh-dﬂhealrargetmé‘nl@edadyi@ thfthtreer gledteooheminal cn;l,s atdweortnemdcresmm atndmee of
the rechargeabl e battery may be increased if the rechargeable cell is

al l owed to discharge beyond the cut-off voltage of that device. In this
application, the ~ term "deep discharge"” refers to allow ng the

el ectrochem cal cells) to be discharged to at |east 80 % of the rated
capacity of the electrochemcal cell(s). In addition, the term"substanti al
di scharge | n th| S appl i cati on refers to all OWI ng the eI ectrochem cal

v o, o, —~~7 b1 T 1 B Y .



80 % Even nore preferably, the sub-controller provides a discharge |evel
of greater than about 90 % wth greater than about 95 % bei ng 4 ReG N
preferred.yhhessi §charge sub-controller may include a convergefusdhatizo
converts the ce voltage to a desired output voltage of a primary or
rechar geabl e battery In a primary batter this allows a deeper discharge
of the electrochemcal cells) and thereb extends the service run tinme of
the battery. In a rechargeable battery, however, the converter allows the
controller to discharge the rechargeabl e battery to the optinal discharge
dept h i ndey&sHENPOwEr t%ﬁéiew@— bowexes) eageclestrochginicah celbis eey ‘IsHbiegieto” one-
enbodi ment tigfd 6fide @ﬁﬁé@%ltagévmhh @Rvict herhayhfﬁmuhrbet bEEelFBY” @R EbriHeOe8 ity
convert the cell voltage to sired qut lxt V.0l tgg gver the I’tl trrref&)
Che bat t er Sereand Trasiaring Be diieea cas Bl is Feu&dae” ot perongel theccltatl of 1
vol t age wheokagdensf thadtwice/thdt s degizfined lasl tiocuradft yokage ditided tben, aﬂfwehtner

i's boostin e out

the bat t er o ifgss JPRYPRrdRoreiMeufehbmldl b8BGL 2oBae e ing el TR
vol t age | evlektromiopsvibe| oweavier eaichiaellris st isulgect vtol’ ithe dull cudpfiveltape of the
Sapati o of egls . iiole Ak BAIcoR, A6 Sl el i oy
anot her bafew@egted;in Fewoandd@afasqms tcerlyeceaﬂabpmstesermgarﬁthlewﬂbem gr more

di schar gedothep eRe@b&ichfishl eem;oréhémaf ﬁ\eoierfeb-‘%oﬁrﬁe%ﬁé%ilnéellts nie "“Bnhtf}ébt tbh €he same
S 1O Or

converter o erate onl volta

pr edet er ni Hg'a’%? ﬁé:”?/@gn °ha$h agdﬁﬁleg “ﬁ&ar\ Is tcﬂ@"erch‘tdet’haffr ‘ePo‘%esrgson&f

t he conver tlectrachemidahtelts pedehag shesdevidee conver t er operat es only when
necessary. The predeterm ned voltage level is preferably in the range from
the nom nal voltage of the electrochem cal cell to the highest cut-off

vol tage of the Engsaspest afethecpresdnyrinvgrition ishie edendrthe “serviceemgetme’d of a

operate. Mjieerp! hes E.%x érét@roeﬁaqet%em fh%d bmtrs,%galéeemﬁlmﬁe a%trltgéwdaytery
greater than the, hi t “cut - " vol t? he cl ass devi ces for which

the batt er {1 4me n?rédﬂ‘éEFhP@ﬂeéB@raa‘ldé"e 1§ "@(%WFé’m? ﬁ@”}ﬁr@&@@@ﬁn‘i}ﬁ@d"\?’é thege
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designed for use with an el ectrochem cal cell such as a rechaiﬂeﬁw 900
lithiumion cell having a nomnal voltage of about 4.0 volts,®however, the
sub-control |l er must be able to operate at an even hi gher vol ta%le Ieble%I t han
is required 8240 i scharge sub-controller used in conjuncti BATHPHIAA
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di sconnect the el ectrodes 1132 and 1134 of the electrochem cal cell 1030
fromthe termnals 1120 and 1122 of the container 1 112. In addition, the
energency di sconnect circuit 1182 can also provide an indication of the end
of the discharge cycle of the electrochemcal cell 1 130 to the converter
controller 1152 by sensing the voltage and/or the internal inpedance of the
el ectrochem cal cell 1130. For exanple the dlscharge sub- controller 1102
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WO 99/52170 41 PCT/ US99/ 07170 1274 increases the efficiency of the DC DC
converter 1250 by reducing the internal |osses. The converter ZbhMUBol00Zr
1252 of tRi§ o6 iment also allows for additional input sigaf/gsforiiighe
control of the DC converter 1250. For exanple, in the enbodi nent shown
in Figure 12) the converter controller 1%;2 nmonitors the internal

el ectrochem cal cell environnment via sensors such as tenperature) pressure,
and hydrogen and oxygen concentration in addition to the phase shift
measurenent s descri bed earlier vvlth respect tQ Figure 10. Figures 7-12 show
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cell closed-circuit voltage drop, the increasing internal inpedance

i ndi cates the remaining el ectrochem cal cell 1330 capacity. The phase
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MOSFET MB. In addition, the | osses associ ated vvlth t he DC/ DC converter | 350
and the converter controller 1352 are ninimzed because the duty cycle is
effectively maintained at zero percent. In this case, the DC | osses of the
cl osed MOSFET MB and the resistor Rs are extrenely | ow. The resistor Rs,
far example, is preferably in the range from about 0.01 to about 0.1 ohns.
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43 PCTI US99/ 07170 i ncreases the duty cycle if the instant aneo;z @g/
continuous anplitude of Vs decreases, or if the voltage drop $

resi stor Rwolopgiieases, and/or the instantaneous and/ or contipgpussaombe t ude
of the V(psi) control signal increases. The contribution of each variable
is weighted according to an appropriate gpntrol algorithm Wen the pul se
nmodul ator 1376 is turned on, its oscillator generates trapezoidal or square
wave control puI ses that preferabl y have a 50 % duty cycle and a frequency

in the ran aho 0. Khi b pr r.ably 1,n the
range fromgr}fb%e tgblaé léﬁﬁ ﬁ%‘wé% E &Ilﬂ@e w%fé“g‘g %C O%I ’ naél&n Cafqnying
bei ng t he obafit po%mheyr mdasufh ep@atisg pacaindtertsoof ttfé?ﬁitefglrated sohhrelletutiycuiy dhe  of
t he out put i i

appr opr | at &5 e U yoHaGE ahifSulfebl Felais) Pniheltotikl sl el ey, et
oper at es NBudbst, \ig mnsmg tchteuit aap alant mesguu @hbmaltcnedltippbgf the plhatsecheﬁh@l

MOSFETs M3
oeh B Icanitgrvg? g{cq‘gigb%faﬁfr@bdarﬁﬁgWﬁ@@%é&ﬁaﬂ/&ﬂh@ Woked EAREATARUR el

ferab
P- channel RERPINg| QI é%aaytrﬁeseanttygmtat%%mbpf s éaﬁt?reét éom%%evely
converter ﬁ@ﬁiﬁon the 2ldearosiientdd] €N dorng &tohhrgsl dridischappecdytienisae dnowatih theedrt at

t he out put al?%r tion, the converter | 350 mnim zes AC and DC | osses by
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nom nal vol tage | evel t he el ectrochem c and hest cu
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power. Morigopr afigitioRally, if the dcedehanichinestt 130 isag endtal il ceVpthat $ec;1ﬁh@blfatr00r2
volts greater than the highest cut-ofd voltage) Vc, of the class of

el ectronic devices that the battery is intended to power. Even nore
preferably) the predeternined voltage | evel Vp3 is about 0.15 volts greater
than the highest cut-ofd voltage) Vc, of the class of electronic devices
that the battery is intended to power. Yet even nore preferably, the
predet erm ned voltage | evel Vp3 is about 0.1 volts greater than the hi ghest
cut-off vol tage, VC) of the class of electronic devices that the battery is
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group of electronic devices being the nost preferred. The gr z{) f _FEigure
14 al so show that the |ower the m nimum operating voltage of USo#ler t er

vd, the gr@gég/rgugge run time extension will be conpared to b‘pct,,tﬂ%“/ol;]% t hat

does not hay ntroller of the present invention. In addition,

greater the difference between the cut-off voltage of the electronlc
device) Vc, and the m ni num operati ng v&ltage of the converter, Vd, the
controller of the present invention will provide a greater run tinme
extension of the battery due to the boosting of the cell voltage of the

el ect r ochepygan. thevilve subapwenIBp 169 ray r2golarube ZifdesieCof wis9/08y2enoinrutheher
Figure 14 gows that the device cut-off is no longer the linvting factor of
the di scharge of a primary or rechargeabl e el ectrochem cal cell. As |ong as
the controller can maintain the output voltage of the battery above the
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rechar geabl e el Ectroc ﬁm cal TABLE 2 fi ﬂ}é kal me@l? er| es
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(V) Consume hysgcmlo‘concl:zf’a ons m?ﬁg ai%lcttr chemmica Ch(rsflll% \%rte%gmpﬁe\Qh%Osnesnsmg

power ( rrA
Capaci t yOJcn@O(t(lOi ) 1004ilorGhe ¢elb voldaged iRl clGBih S ¢iirrd@) 919 Biterbfldipadaizd36844 1
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'fabl e 2 coMpshes peiatiog argmettsos phisica capdidpx I\Q%"b‘éf:taétry of the present
invention having a built-in discharge sub-controller in which the converter

Vol tage. of "aboul ¥ PRERFATDSPEGTIEd, GBPRSeR caEh dlso@chaTEe s st MoR¥m not

have a confteglatesr caftrdllee cipguits 40 thanwnemtiion thel coridiionstiahha, pdrtieular d4D. By

99152170 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.

In one embodiment of the present invention, a controller may include one or more
of the following components: (1) a discharge sub-controller, (2) a charge sub-controller,
(3) an emergency disconnect sub-controller, (4) a valve sub-controller, and/or (5) a state
of charge circuit. For ease of discussion, the functions are described in terms of
independent sub-controllers or circuits. Actual realization of the controller, however,
does not require independent circuit implementations of the functions because muitiple
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 or physical conditions
of the electrochemical cell(s), or an independent sensing circuit may measure the
parameters and/or conditions and provide them and/or control signals related to the-
parameters and/or conditions to one or more of the sub-controllers. Further, a controller



47 2 9 AUG 2002 PCTNS99/ 07170 data shows the output voltage, the @@m
power, and the percent of renmaining capacity (total capacity

for each hour vvhen the batteries are connected to a nmedi umresi stlve Ioad
of about YO BHHE70 which draws approxi mately 125 mA on aver ageSVBv¥E e run
time of the battery As the table shows, the output voltage of the battery
havi ng the converter renmains constant at2(1 6 volts for the run tine of the
battery, while the output voltage of the battery that does not have a
control |l er decreases fromthe nom nal voltage of the battery over its run
time. TablmayZhdveradbitionslhmvistetrimivetshb-doatrobery tiaft peifernp beise findtione it additidhat
has a bui l S RL O t di stinct advantages over the AA
battery tﬁétonaggg%nogﬂt vfg a'oélgﬂ?trsegl%gr First, for a device having a
cut-oi ~' vol tage of about 1 volt, the battery havi ng the built-in discharge
sub-controller has a run tine oi)lsacmp% §Bbt@(mt§0| aphile the battery w thout
a controller will stop operating int evi ce a ter a maxi num of about 8
hours when the output voltage drops below 1 volt. Thus, in this exanple,
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defective e contr er in battery, e controller
may nonitor the cell for the test period and the quality assurance

teﬂw Brrftnt onl'y Aegegtively, eReocRenticAidells imaamavan&rhﬁabaélia%eybén@wdmhtecvmcna i f
e battery i

accept apl e to Shl I nst n n erfor e actual
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built-in step-up converter to boost the nominal voltage. This allows a battery 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



1. A battery characterized in that it conprises: a. ~ a container including
a positive termnal and a negative termnal; 5 b. a single el 2ot sgg gy cal

cell disp Lt hin said container, said cel | having a posi rode,
a negativg\%gj"g%’#ltr7 de and a cell vol tage measured across sai dﬁ%ﬁgﬁﬁ/@go

el ectrode and said negative electrode of said cell; and c. a controller
electrically connected beriveen said el eéfrodes of said cell and said
termnals of said container to create an out put voltage neasured across |0
said positive termnal and said negative term nal of container, said
control | er magi algoadaptueet t mterohingeablpnavidr arostandafd t dlkalingl Iomvmangm}thnsbczml

par amet er S gglSGhehital cgfn U Phis Gy EJI'QVId@rl:O &E!Eﬁ)!’ féa%%d%@ﬁge %Ettéﬁés%%% he

and a hydro en concent ra ion, sald contro €l n to control
oper ati on elﬁcts%ﬁhsmecéi e lfa@eahwts%thmpta/e@eeaﬂonﬂéeraﬁsfpéFonsweg usenberaseer y

of clai m ltheworiifll RoRaged wa@kltod fovdté BE Pracieabl e cell, said controller being
adapted to receive a charging current and to control said charging current

to charge said cell. 3. A battery characterized in that it conprises: a. a
cont ai ner incl umhblg lds nosintehmaottare"ﬂcmalveﬁhsm ratheeljas exeenplery prifaky, sécondanan

I h [ ' I
o ectr oo oo dcHhaRERED A A, 35 5o SO0 AL LB T Bl TR, oo
sai d posi t Fereesngle, rdxﬁ'ereamdy]sal df pagary wed/el eethargtablef elediodhemichl; callsdhat. a
contr ol | er gleetirtiehhbkihPIBREISLORIURANIHRIMAE RA! 5USS Vin 3AAVERL] 102N
: VorT

said termnals sald ¢ create an outp tage neasured
acr oss create a universal smgle cell battery that has the same output voltage as a standard 1.5

volt alkaline primary or rechargeable battery or a standard 1.4 volt NiCd rechargeable
battery. In addition, the primary, secondary and/or reserve cells may be used together in a
hybrid multiple-cell battery of the present invention Indeed, the present invention allows
greater interchangeability between various types of electrochemical cells, and between
electrochemical cells and alternative power supplies such as fuel cells, capacitors, etc.
than ever before. By placing a controller in each electrochemical cell, the electrical
characteristics such as the nominal voltage and the output impedance of different types of
electrochemical cells can be adjusted in order to allow a larger variety of cells to be used
in making interchangeable batteries. Batteries may be specially designed to take
advantage of particular advantages of an electrochemical cell, while still permitting
interchangeability with batteries that contain other types of cells. Further, the present
invention may be used to create new standard voltage levels by converting the nominal
voltages of electrochemical cells to the voltage levels of the standards.



2 9 AUG 2002 59 said positive term nal and said negative termnal of said
container, said controller being adapted to detect said cell ABIAUAg0ZNd an
i nternal inpedance of said cell to determ ne a renmining ch j.d
cell. 4. Avnﬁg%/pé;% characterized in that it conprises: a Cof‘l{cgf?%%f?m%ﬁo
including a positive termnal and a negative termnal; b. an

el ectrochenical cell disposed within sai%4f container, said cell having a
positive electrode, a negative electrode and a cell voltage neasured across
said positive electrode and said negative el ectrode of said cell; and c. a
controller electrically connected bet TABILE dai d el ectrodes of said cell to

and said term nals of id contai create.,an.out vol t age neasured
across said positive t 'qoc eiAl Catl PSRN B i Village sai d contai ner,

said controller including an el ectrdhimaixi€als fi cati on of said cell

| ncluding %@9%1!0”? O nbiifndiViifheRe! Pyt caM 3 LY AoindV il | 2
nom nal vo sai d ; cdpag Qf said ) current
delivery cMsemdfl ity of said &8 voltand arkithuddedmal current -GdpPityery

capabi I'i t ymefcusigickide! | . 5. A3BALIETY Chakgedsiii-zed in that g bogonpri ses:
a. a container including a positive tern‘hnal. and a negative termnal; b. an
el ectrochemical cell disposed within saiQ&@BKESCHIN e sai d cel | having a
positive eMeesurio@xider negati Vel ebRst r odeMagwksmnc®iniO,vol t age.8vealssir ed acr oss
said 20 posi t*&g*@ (ﬁl ectrode and said negative el ectrode of said cell; and c.
a control | e @retrtical | y connected bet<veen said el ectrodes of said cell
and sai d tZ&ingiAial s of said cort adher to lotheandolid out put val% agkts neasured

across Electrolyte
Carbon-Zinc 1.5 volts Lithium MnO, 3.0 volts
Zinc-Chloride 1.5 volts Lithium (CF), 3.0 volts
Alkaline MnO, 1.5 volts Lithium SO, 3.0 volts
Silver-Oxide 1.5 volts Lithium SOCI, 3.6 volts

Secondary Cells

Type of Cell Nominal Voltage Type of Cell Nominal Voltage

Silver-cadmium 1.1 volts Zinc-bromine 1.6 volts

Edison 1.2 volts High Temperature 1.7 volts

(Fe-Ni oxide) Li(Al)- FeS,

Nickel-cadmium 1.2 volts Aluminum-air 1.9 volts

Nickel Metal 1.2 volts Lead-acid 2.0 volts

Hydride

Nickel Hydrogen 1.2 volts High Temperature 2.0 volts
Na- S

Silver-zinc 1.5 volts Lithium-polymer 3.0 volts
Li- V6013

Zinc-air 1.5 volts Lithium-ion 4.0 volts
C- Li,CoO,

Nickel-zinc 1.6 volts

Reserve Cells

Type of Cell Nominal Voltage Type of Cell Nominal Voltage
Cuprous Chloride 1.3 volts Thermal Li-FeS, 2.0 volts

Zinc/silver oxide 1.5 volts



said positive termnal and said negative term nal of container, said
controll er being adapted to el ectronically disconnect said cell9 A6 30 d

term nal s Wo%%?%z%o Z S ~u~ zoo2 60 contai ner when said contf,ng}Uggg,glﬁt,@cts
one or nore o e followng conditions: an inverse polarity, a

short-circuit, an overcharge of said cel5 a tenperature of said cel
exceedi ng a predeterm ned tenperature, a aas pressure of said cel
exceedi ng a predeterm ned pressure, and a hydrogen gas concentration
exceedi ng a predeterm ned hydrogen gas concentration. G A battery
characterized in that it conprises: a. a container including a positive

I nal l2M8itib®! BineAkis@ o & RR8Ir¥chehical chily Rby BL &5
termnnal, a negafizugitibR! I@ﬂir é‘n @gﬂﬂfé@fé@(& hhical l@usr.%éd%%reafgégé%mﬁ a

second m croval ve, sail rst a cond, 1 o mcroval ves. di sposed "on a

portion of h¥bmdbadsresspegially deugnedclonPanicular typesapf spndicatiisnehor sxarpplp,) a
di SD?_sed V\/izinlaf[-dilr 3@&%@@%@" |r¢|em ,ma'liﬂitedufe@ ﬂogbﬂh‘ég REhé& iﬁoﬁdrﬁlle‘g%rﬁh_est@ﬁégdmh a
negati ve eL.gciro .an . VO age neas e acCl 0S sal pas Ive

O oot 1 ode: URREER e qxbnd Bateo e diegnt edl B araring e age B abuy bF valks
el ectri cal agd @overg dighd ebapywalensigaibdt edre ohlyopresidef losaistkadeldurreht bavelssalTHe
termnal s Y-\ Lner |t S

Sa1 0 pos: t [l IR GERTas b AghhBRL 43S 181 B buqt 3t S RAHD Fa 8L i |
cont rol | er buestsnef kighsuadnt levelonilthe|dissharge fshb-sontrplarovfieach elactrechieticabcelhd

m croval ve pi ARPERAERE Invndifal 681Ut bltddleranki laf¥iv BF 8n 3A4hCher AL Rith&'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 may 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 may be connected to
provide a steady, low current, and, when the load is in a high power mode, the lithium cell
or the lithium and the zinc-air cells in combination may provide the current necessary to
power the load.

Hybrid batteries may also contain many different combinations of electrochemical
cells such as primary and secondary cells, primary and reserve cells, secondary and
reserve cells, or primary, secondary and reserve cells. Further, a hybrid battery may also
contain a combination of one or more electrochemical cells and one or more alternative
power supplies such as a fuel cell, a conventional capacitor or even a super-capacitor.
For example, a hybrid battery may contain combinations such as alkaline and metal-air
cells, metal-air and a secondary cells, a metal-air cell and a super capacitor. Moreover,
hybrid batteries may also contain any combination of two or more of the above mentioned

cells or power supplies.

Further, the discharge sub-controller may also extend the service run time of a
battery by protecting the electrochemical cell(s) from current peaks that can impair the
operation of the electrochemical cell components and lower the cell voltage. For
example, the sub-controller may prevent high current demands from creating a memory
effect in the cell and decreasing the run time of the battery. The current peaks are also
harmful to electrochemical cells such as alkaline, lithium, NiCd, SLA, metal hydride and

zinc-air cells.



7. The battery of Caim1, wherein said controller nonitors a terxgg @hi’”e
of said 20 cell and disconnects said cell fromsaid termnals

cont ai ner wd 9d/6p37¢ enperature of said cell exceeds a predet er ptneg99/07170
tenperature, and/or said controller nonitors a gas pressure of said cell
and disconnects said cell fromsaid termpgals of said container if said gas
pressure of said cell exceeds a predeterm ned pressure. 2 9 AUG 2002 61
The battery of any of the preceding clainms further conprising: a. a housi ng
havi ng an out pu term nal. and an_ out ve terninal ;

t
second cont ai ne{rhg b!ﬁfé{% Sé’ b“?t"HﬁhF ey B@ﬁ?%‘ﬁgoﬂ‘{f]ﬁ?‘%ﬁf’ﬂmgﬁl ‘EF”%BE\ ﬁ‘é”ergal d
second conpedks diy ﬂnawdmg a tempomly ctorhge € relgmscdl i chergeeatnhe adutpundofi tigenbnd

cont af et SARLY So A A erBhaly SSSANL Y 8L N1IZBE! Bl SRkELE b ana

connected to saird ou rve ne atrve
t erm nal offhesgfoge, m@mmﬁg pe@k mn@nccomlwﬂyodhmmt@élor@@rﬁﬁcamtspm;lgdednbcfhrmxt

sai d secongaeRtik MctrosRirichlCcelCCahs 661h alldvd ’agba@tegﬁ p}%ﬁﬂ’é lchir¥ft peaks

el ectrode el ectrjcally connected to sald second cont ositive
termnal, BgB¥cdhen nibgatlegoghemueslo gelles) o am3y cﬁPV&Qec&Hﬁ@bt e%l‘dt Pretect stbeond

cont ai ner Heﬁﬁddh‘éﬁncfaﬁédﬂgé)&’rom @ﬂﬂreﬁt FeRkO fitht ¢yl bev@difimemtaln®ane celfl cahposentsai d
second pos&hlve el ec e and ? second. nega&hve el ectrode;
e storage eement is pre by a capacitor IS 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-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 a
battery by both protecting the electrochemical cell against current peaks and by
converting the cell voltage to a desired output voltage. For example, a preferred
embodiment of the sub-controller can turn a converter on when the cell voltage drops to a
predetermined voltage in order to minimize losses associated with the converter. The
same sub-controller can monitor both the cell voltage and the output load current and turn
on the converter if either the cell voltage reaches the predetermined voltage level or the
load current reaches a predetermined current level. Alternatively, the sub-controller may
monitor both the cell voltage and the output load current and determine if supplying the
required load current will drop the cell voltage below a cut-off voltage level. In the latter
example, the sub-controller is operating upon two input signals combined in an algorithm
to determine if the converter should be turned on. In the former example, however, the
sub-controller turns on the converter if either the cell voltage drops to a predetermined
voltage level, or the output load current rises to a predetermined current level. These,
along with other possible control schemes, are discussed in more detail below.

The present invention relates to specialized batteries as well as standard consumer
batteries, such as AAA, AA, C or D cells, and 9 volt batteries. The invention
contemplates the use of specialized batteries, and hybrid batteries that could be used in
various applications. It is anticipated that these specialized batteries and hybrid batteries
could be used to replace rechargeable batteries for uses such as for cellular telephones,
laptop computers, etc., which are currently limited by the ability of primary batteries to
provide the required current rate over a sufficient period of time. In addition, being able-
to individually control the output voltage and output impedance of the cells will allow



15 wherein the battery further includes one or nore of the foll ow ng {
said el ectrochemical cell is a netal-air electrochem cal cell;2%#V8 200
cont ai ner wodbaeireai d housi ng i ncludes at |east one mcroval wer/uswwd in
a portion of said container and/or said housing; said controller being
adapted to control said mcrovalve to conpbrol air flowinto and/or out of
said container 20 and/or said housing; and/or (ii) further including a
second controller electrically connected beriveen said second el ectrode of
sai d secong I '

el ectrochem c&& de@i H‘ex?%?ig%i ﬁ%ﬂﬁreﬂfﬁ@@v'}gb%@ Ilr‘lgl ﬁ%ﬂ etlh%gﬂgegégﬁ‘éfe tﬁgjleg
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chargi ng current acc n 1 fic sequence to char
sai d cel | . erchangepbl itypss foea%gp %g%ﬁ%eedﬁ n"gl%’l Battegy §as'afrba?tpéwge
further cogphd&tnatatied ﬂ)a@écr&@e thé eélaviat vipon eamdue@cmszrom Hesigreafbf phrlnlcm@r
en flow into said container,

d | t tr
cont r ol | er PN, ke 8 o6 Riaroislesonds. HARe. kPPl sERROCER, ArPal ol &
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required CHE{ %'Uonglgﬂbpu%ﬂﬁf gfes%mgfb%ﬁas%afdil ﬂ]&srhﬂgﬁtl 4e tzfp% r%E@r\ﬁgPtmﬁbz{d BF om

diffusing into sard contal concent cont
i s sufficibaxing ¢ purehasata batyery ospsedicple raam&qmwdacf% @her emlcuhautwqarma@%

wher ei n sahghy/gF Gheuer! MEcticniddelicel 3R Addif¥n, Ohs MR MAKMEY &F- 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.

Electronic labeling technology such as that used on photographic film, etc. could
also be used to designate the exact type of cell(s) in the battery, rated and/ or remaining
capacity of the cell(s), peak and optimal current delivery capabilities, current charge level,
internal impedance, etc. so that a “smart” device could read the electronic labeling and
optimize its consumption to enhance the performance of the device, to extend the service
run time of the battery, etc. A camera, which already utilizes electronic labeling to
determine film speed, for example, could also utilize electronic labeling technology with
its batteries to allow for a slower charge time of the flash, stop use of the flash, etc. in
order to optimize the service run time of a particular battery. A laptop could also utilize
electronic labeling technology to determine the most efficient operating parameters for
particular batteries by, for example, changing its operating speed in order to best use the
remaining charge in the battery for a duration desired by a user, or utilizing power
on/power off technology to conserve energy of the battery. In addition, camcorders,
cellular telephones, etc. could also utilize electronic labeling to optimize the usage of

batteries.

Further, primary batteries could also be used interchangeably with different types
of primary or even rechargeable batteries depending upon the needs of the consumer. For
example, if the rechargeable batteries of a laptop computer were exhausted, the user
could purchase primary batteries that would last for several hours of use until the user
could charge the rechargeable battery. A user, for example, could also purchase less
expensive batteries if the user did not need certain higher-performance levels that could be.

provided by the device with more expensive batteries.



10. The battery of any of the preceding clains, said battery 2 réh[fr )
conprising at |east one mcrovalve, said controller controlli é lé c?

m croval vg,d &,Sppt rol air or oxygen flow into said containepcraddodiorizo
controller 1s preferabl y adapted to open said mcrovalve to allow air to
diffuse into said container when air is eded for 15 the battery to
provide a required current drain and/or 1o close said mcroval ve to prevent
air fromdiffusing into said container when an air concentration in said
container is sufficient for the battery to provide a required current drain
and further conprising a second m croval ve disposed in a portion of said
periphery of sa(]‘ld: preoémiinedntionadlsh fedates 0b k&hdhﬂid@ﬁsmﬁkiﬂimnbs) sGeky @lA&ai d

I d ] | dent bat f
i ai m o, AR o B IS R el Rilteieh.y BT RTEFE VA bty SiGedf miing °
portion ofmlsauhdngmblephﬂh Wifiérestaiypec ofipaimmaey pr saérdrechargeatié dbattbrésngtandandt ed
t trol I
0,cont e o 1 o5 048 HEPvR S BEARSAL Bty U BB=S
11, wher eud¢snsa¢m bartengs ofe preseotialayaitably. elacmnmngr@wahme nefeds afat axamsyeu s
digitally c%hs@ﬁ@k QGUEI FEQASICECQTC @mo?@@tah@érﬁeﬂrﬁnﬂ ARcibgddbfe Qit?&ﬁg'tﬁﬁ

cl ai ns, wher ei n con provides a signal”to one oOr >t,ngre of

group sel dB®etH J gHi QHC@EQ/ 'éf%éhe"d'émiodi’econé‘ﬁ“@'ﬁ’t @mffardess FeHvi a@wsw&é
test circuwtherguttably elgtedsit sqhnpmnd CANhientibsad, atdg/ &9 tisahdmbenbf elahédrd

provi des %ra]lttlerrlledsl r%grtmfo Stuf aimcreased the co&I neq &nrllta»rv Sldrr%g‘%ry aecrease resulting in
much more affordable batteries that could ultimately replace specially designed
rechargeable batteries.

In a preferred embodiment, for example, the discharge sub-controller can be
designed to operate with a battery that has a nominal voltage of about 1.5 volts so that
the sub-controller can operate at voltage levels as low as about 0.1 volts in a silicon
carbide (“SiC”) embodiment, about 0.34 volts in a gallium arsenide (“GaAs”)
embodiment, and about 0.54 volts in a conventional silicon-based embodiment. In
addition, as printing size decreases these minimum operating voltages will decrease as
well. In silicon, for example, decreasing the circuit printing to 0.18 micron technology
would decrease the minimum operating voltage from about 0.54 to about 0.4 volts. As
described above, the lower the minimum required operating voltage of the discharge sub-
controller, the lower that the discharge sub-controller can regulate the cell voltage in
order to provide the deepest discharge of the electrochemical cell possible. Thus, it is
within the comprehension of this invention to utilize different advances of in circuit
fabrication to increase the battery utilization up to approximately 100 % of the stored
charge of the electrochemical cell. The present silicon-based embodiment, however,
provides up to a 95 % usage of the battery storage potential, which is quite high in
comparison to the average 40-70% usage without a controller.

In one silicon-based preferred embodiment, for example, the discharge sub-
controller is designed to operate at voltages as low as about 1 volt, more preferably 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. Ina-
sub-controller designed for an electrochemical cell having a nominal voltage of about 1.5



predeterniined charge | evel, and/or said controller includes gn electronic
I dentification of said remaining charge of said cell. 14. The @aﬁﬂ@r%ﬁﬂbf

claim 8, ngrgg)sgl7§ai d second cell is a rechargeable cell andysgighoh9meEcond
controller 1's adapted to control a second charging current froma third

el ectrochem cal cell and/or an external ggarging circuit to charge said
second cell, preferably said second controller is adapted to control said
second charging current according to a specific sequence to charge said
second cell. 15. The battery of claim8 or claim 14, wherein said

control | er volts, dtajmbeapntiglierisaproferably carablanal gpasgtingudtr aninpety wiiagaia ledélcaind

cell, and/gghal febeNNGlvolteVi Mor¥ieferdtil, fiheSdischre®l fimlsondtblieisdcdpablet of
container, and/or frgma coil etenent of . sai d conﬁrolher 16. A at%e@é
char act er | JREIALNE A RANRPYE VOliags PEakleast as highnsaboHef 8iviolts u dhHy 2PE6TFY 5
g er mi naLI aqsuhrt]@lleﬁgl_@hid@e slsle 180 DPératelinl abvolllagﬁirﬁt_@e&‘rcﬁh echihinglie Eﬁ'iﬁtﬁdut oadwbolts

i spose thin s cont ai.ner . sai e avi sitive el ectrode,. a
negative et Paflol 88 cIhf yBrafiefi melr b Frfu BB 4ol pufie Sotate
el ect rode autside af thaneygeiavevelll ect rode of said cell; and ~ 9 pd(i 2002 64
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control| ernominal voltage of about 3.0 volts, however, the sub-controller must be able to operate at
a higher voltage level than is required for a discharge sub-controller used in conjunction
with an electrochemical cell having a nominal voltage of about 1.5 volts. In the case of an
electrochemical cell having a nominal voltage of about 3.0 volts, the discharge sub-
controller is preferably able to operate in the range from about 2.4 volts to about 3.2
volts. The sub-controller more preferably is capable of operating in a voltage range from
about 0.8 volts to at least about 3.2 volts. More preferably, the sub-controller is capable
of operating with an input voltage in the range from about 0.6 volts to at least about 3.4
volts. Even more preferably, the sub-controller is capable of operating with an input
voltage in the range from about 0.54 volts to at least about 3.6 volts, with the range from
about 0.45 volts to at least about 3.8 volts being the most preferred. The sub-controller

may, and preferably does, however, operate outside of that range as well.

In a preferred embodiment of a discharge sub-controller of the present invention
designed for use with an electrochemical cell such as a rechargeable lithium ion cell
having a nominal voltage of about 4.0 volts, however, the sub-controller must be able to
operate at an even higher voltage level than is required for a discharge sub-controller used
in conjunction with an electrochemical cell having a nominal voltage of about 3.0 or about
1.5 volts. In the case of an electrochemical cell having a nominal voltage of about 4.0
volts, the discharge sub-controller is preferably able to operate in the range from about
2.0 volts to about 4.0 volts. The sub-controller more preferably is capable of operating in
a voltage range from about 0.8 volts to at least about 4.0 volts. More preferably, the sub-
controller is capable of operating with an input voltage in the 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 to at least about 4.0
volts, with the range from about 0.45 volts to at least about 4.0 volts being the most
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The batteries of the present invention also provide distinct advantages over typical
batteries when used with electric devices such as flashlights, etc. that do not have a cut-
off voltage. With a typical battery, as the battery is discharged the output voltage of the
battery decreases. Because the output power of the electric device is directly
proportional to the voltage supplied by the battery, the output of the electric device
decreases proportionately with the battery output voltage. For example, the intensity of a
flashlight light bulb will continue to dim as the output voltage of the battery decreases
until the battery is fully discharged. The battery of the present invention, however, has a
discharge sub-controller that regulates the cell voltage into a relatively constant,
controlled voltage level over the entire discharge cycle of the battery until the cell voltage
decreases to a level below which the sub-controller is capable of operating. At that time,
the battery will shut down, and the electric device will stop operating. During the
discharge cycle, however, the electric device will continue to provide a relatively steady
output (e.g., bulb intensity) until the battery shuts down.

A preferred embodiment of a battery of the present invention also includes a low
remaining charge warning to the user. The discharge sub-controller, for example, may
disconnect and reconnect the electrochemical cell(s) from the output terminals of the
battery intermittently for a short duration of time when the electrochemical cell voltage
reaches a predetermined value. This may provide a visible, audible, or device readable
indication that the battery is about to shut 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
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ca] céa] ca electrochemical cell 730 drops below either the optimal discharge depth of the
electrochemical cell in the case of a rechargeable electrochemical cell or the minimum
forward-bias voltage of the electronic components, Vb, of the converter 750 in the case
of a primary electrochemical cell. To the extent that the optimal discharge depth of the
electrochemical cell or the minimum switching voltage, Vb, of the DC/DC converter 750
is lower than the cut-off voltage of the electronic device that the battery 710 is powering,
the controller 740 will also extend the service run time of the battery 710 by discharging
the battery 710 beyond the cut-off voltage of the electronic device by maintaining the
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
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A primary or rechargeable lithium cell, for example, may be used in a standard AA
battery package to provide at least two times more capacity than an alkaline battery of the
same volume. A lithium cell such as a lithium MnO; has a nominal voltage of about 3.0
volts and cannot normally be used interchangeably with a standard AA alkaline battery
that has a 1.5 volt nominal voltage. Battery designers have, however, altered the primary
lithium electrochemical cell chemistry to create lithium batteries that have a nominal
voltage of about 1.5 volts in order to create a lithium battery that may be used
interchangeably with a standard AA alkaline battery, for example. Although this 1.5 volt
lithium battery still has the capability of delivering high current levels to photographic
flash load circuits, the 1.5 volt lithium electrochemical cell does not provide a substantial
increase in the total chemical energy storage over an alkaline cell of the same volume.
The present invention, however, provides the ability to use a standard lithium
electrochemical cell that has a nominal voltage of about 3 volts and a controller to convert
that nominal voltage down to about 1.5 volts. Thus, the battery provides roughly twice
the chemical energy storage of a battery containing either the chemically-altered 1.5 volt
lithium cell or a 1.5 volt alkaline cell in a battery that is completely interchangeable with
either 1.5 volt battery. Additionally, the lithium battery of the present invention would
provide the same high current levels as a battery containing a 1.5 volt chemically altered
lithium 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
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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.

The DC/DC converter 750 may utilize one or more of many known control
schemes such as pulse modulation, which can further include pulse-width modulation
(“PWM”), pulse-amplitude modulation (“PAM”), pulse-frequency modulation (“PFM”)
and pulse-phase modulation (“PyM”), resonant converters, etc. to control the operating
parameters of the converter 750. A preferred embodiment of the converter 750 of the
present invention utilizes pulse-width modulation. An even more preferred embodiment
utilizes a combination of pulse-width modulation and pulse-phase modulation, which is

described in detail below.

In a preferred embodiment DC/DC converter 750 for use in a battery of the
present invention, the converter is controlled by a pulse-width modulator to drive the
DC/DC converter 750. The pulse-width modulator generates a fixed frequency control
signal in which the duty cycle is varied. For example, the duty cycle may be zero when
the DC/DC converter is off, 100 % when the converter is operating at full capacity, and
varied between zero and 100 % depending upon the demand of the load and/or the
remaining capacity of the electrochemical cell 730. The pulse-width modulation scheme
has at least one input signal that is used to generate the duty cycle. In one embodiment,
the output voltage at the terminals 720 and 722 of the container 712 is continuously
sampled and compared to a reference voltage. The error correction signal is used to alter
the duty cycle of the DC/DC converter. In this instance, the negative feedback loop from
the output voltage at the terminals 720 and 722 of the container 712 allows the DC/DC
converter 750 to provide a stabilized output voltage. Alternatively, the DC/DC converter
750 may 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.
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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
on only when the cell voltage falls to a predetermined level below which the load can no
longer operate. Alternatively, if the electronic device requires an input voltage within a
specific range such as + 10 % of the nominal voltage of the battery, for example, the
converter controller may turn “on” the DC/DC converter when the cell voltage is outside

the desired range, but turn the converter “off” when the cell voltage is within the desired

range.

In Figure 8, for example, the DC/DC converter 850 is electrically connected
between the positive 832 and the negative 834 electrodes of the electrochemical cell 830
and the positive 820 and the negative 822 terminals of the container 812. The converter
controller 852 is also electrically connected between the positive 832 and negative 834
electrodes electrochemical cell 830 and the positive 820 and negative 822 terminals of the
container 812. In this example, the converter controller 852 acts as a switch that either
connects the electrochemical cell 830 directly to the output terminals 820 and 822 .of the
container 812, or connects the DC/DC converter 850 between the electrochemical cell
830 and the output terminals 820 and 822 of the container 812. The converter controller
852 continuously samples the output voltage and compares it to one or more internally
generated threshold voltages If the output voltage of the container 812 falls below the
threshold voltage level or is outside a desired range of threshold voltages, for example,
the converter controller 852 “turns on” the DC/DC converter 850 by electrically, or
preferably electronically, connecting the DC/DC 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.
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The discharge sub-controller 902 of Figure 9 may include the elements of the
discharge sub-controller 802 shown in Figure 8, but further includes a ground bias circuit
980 electrically connected between the electrodes 932 and 934 of the electrochemical cell
930, and the DC/DC converter 950, the converter controller 952, and the output
terminals 920 and 922 of the container 912 The ground bias circuit 980 provides a
negatively biased voltage level, Vnb, to the DC/DC converter 950 and to the negative
output terminal 922 of the container 912. This increases the voltage applied to the
DC/DC converter 950 from the cell voltage to a voltage level of the cell voltage plus the
absolute value of the negatively biased voltage level, Vnb. This allows the converter 950
to operate at an efficient voltage level until the actual cell voltage drops to a voltage level
below the minimum forward-bias voltage necessary to drive the ground bias circuit 980.
Thus, the converter 950 may more efficiently draw a higher current level from the
electrochemical cell 930 than it would be able to with only the cell voltage of the
electrochemical cell 930 driving the converter 950. In a preferred embodiment of the
discharge sub-controller 902 for a battery 910 of the present invention having an
electrochemical cell with a nominal voltage of about 1.5 volts, the negatively biased
voltage, Vnb, is preferably in the range between about 0 volts and about 1 volt. More
preferably the negatively biased voltage, Vnb, is about 0.5 volts, with 0.4 volts being the
most preferred. Therefore, the ground bias circuit 980 allows the converter to more
deeply discharge the electrochemical cell 930 and increase the efficiency of the converter
950 in extracting the current from the electrochemical cell 930 when the cell voltage
drops below about 1 volt for an electrochemical cell having a nominal 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 cell.
voltage of the electrochemical cell 930 charges capacitor Ca. Then, when switches S1
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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
embodiment of the charge pump circuit 986 shown in Figure 9B, for example, the charge
pump includes a two-tiered configuration including four mini-pumps 989, and one main
pump 990. Any number of mini-pumps 989, however, may be used. One preferred
embodiment of charge pump circuit 986, for example, includes twelve mini-pumps 989
and one main pump. The mini-pumps 989 and the main pump 990 of this embodiment are
driven by four different phased control signals, 991a, 991b, 991c¢, and 991d, generated by
the clock generator 987 that each have the same frequency, but are shifted in phase from
each other. The control signals 991a through 991d, for example, may be shifted in phase
ninety degrees from each other. In this embodiment, each of the mini-pumps 989
provides an inverted output voltage of the controls signals 991a through 991d that are
generated by the clock generator. The main pump 990 sums the outputs of the multiple
mini-pumps 989 and provides an output signal for the charge pump circuit 986 that is at
the same voltage level as the individual output voltages of the mini-pumps 989, but is at a
higher current level that is the total of the current provided by all twelve of the mini-
pumps 989. This output signal provides the virtual ground for the DC/DC converter 950
and the output negative terminal 922 of the container 912.

In a further aspect of the invention, the charge pump circuit further includes
charge pump controller 992 that only turns on the charge pump circuit 986 when the cell
voltage drops to a predetermined voltage level in order to minimize losses associated with
the charge pump circuit 986. The predetermined voltage for the charge pump controller
992, for example, could be in the range from about the nominal voltage of the
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 -

10
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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 “discharge end-point voltage”. This allows the rechargeable
electrochemical cell to be optimally discharged in order to allow a maximum number of
and efficiency of future charge cycles of that cell.

Further, when the ground bias circuit 980 is turned off, the virtual ground, which
is applied to the output negative terminal 922 of the container 912, preferably collapses to
the voltage level of the negative electrode 934 of the electrochemical cell 930 Thus,
when the ground bias circuit 980 is not operating, the battery operates in a standard
ground configuration provided by the negative electrode 934 of the electrochemical cell
930.

Alternatively, the ground bias circuit 980 could comprise a second DC/DC
converter such as a Buck-Boost converter, a Cuk converter, or a linear regulator. In
addition, the DC/DC converter 950 and the ground bias circuit 980 can be combined and
replaced by a single converter such as a Buck-Boost converter, a push-pull converter, or a
flyback converter that will both shift the positive output voltage up and shift the negative
bias down.

Figure 10 shows yet another embodiment of a discharge sub-controller circuit
1002 of the. present invention In this embodiment, the DC/DC converter 1050 is capable
of accepting a correction control signal from an external source such as the phase shift
sensing circuit 1062. As described above with reference to Figure 7, the DC/DC
converter 1050 utilizes a control scheme such as a pulse-width modulator to control the
operating parameters of the converter 1050. In this embodiment, the discharge sub-
controller circuit 1002 includes the same elements as the discharge sub-controller circuit
902 shown in Figure 9, but further includes a phase shift sensing circuit 1062 that
measures the instantaneous phase shift, y, 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.
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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 disconnect circuit 1182 electrically connected to the
current-sensing resistor Rc, and the positive 1132 and the negative 1122 electrodes of the
electrochemical cell 1130, and further connected to the converter controller 1152. The
emergency disconnect circuit 1182 can signal to the converter controller 1152 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 electronic device, or the electrochemical cell itself. For example, in the
event of a short-circuit or inverse polarity, the emergency disconnect circuit 1182 signals
the converter controller 1152 to disconnect the electrodes 1132 and 1134 of the
electrochemical cell 1030 from the terminals 1120 and 1122 of the container 1112. In
addition, the emergency disconnect circuit 1182 can also provide an indication of the end
of the discharge cycle of the electrochemical cell 1130 to the converter controller 1152 by
sensing the voltage and/or the internal impedance of the electrochemical cell 1130. For
example, the discharge sub-controller 1102 may ramp down the current when the
remaining capacity of the electrochemical cell 1130 falls to a predetermined level,
intermittently disconnect and reconnect the electrodes 1132 and 1134 of the
electrochemical cell 1130 from the output terminals 1120 and 1122 for a short duration
when the remaining capacity of the electrochemical cell 1130 reaches a predetermined
value, or provide some other visible, audible or machine readable indication that the
battery is about to shut down. At the end of the discharge cycle, the emergency
disconnect circuit may also send a signal to the converter controller 1152 to 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
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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
cell environment via sensors such as temperature, pressure, and hydrogen and oxygen
concentration in addition to the phase shift measurements described earlier with respect to

Figure 10.

Figures 7-12 show progressively more complex circuit designs of the present
invention. They are given in this order to provide an orderly description of different
elements that may be included in a discharge sub-controller circuit in addition to the
DC/DC converter that is the central element of the controller of the present invention.
The order of presentation is not meant to imply that the elements introduced later in
circuits combining multiple different elements must have all the features described with
respect to the previous Figures in order to be within the scope of the present invention,
An emergency disconnect circuit, a charge indicator circuit, a phase sensing circuit, and/or
a ground bias circuit, for example, may be used in combination with the circuits of Figures
6-11 without the converter controller or other elements shown in the Figures that show

these elements.

A preferred embodiment of the integrated controller circuit 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 an
almost inductorless, high frequency, high efficiency, and medium power converter that
can operate below the threshold voltage of most electronic devices. The discharge sub-
controller 1302 preferably includes a charge pump such as the one shown in Figure 9B to
supply a virtual ground that has a 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
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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
example, after about 50 % discharge of the electrochemical cell 1330, which is determined
by the cell closed-circuit voltage drop, the increasing internal impedance indicates the
remaining electrochemical cell 1330 capacity. The phase shifting sensing circuit 1362
provides these signals to the phase linear controller 1371. The phase linear controller
1371 then provides the voltage Vs sensed by the phase shift sensing circuit 1362 and an
output voltage control signal V(psi) that is linearly proportional to the phase shift to the
pulse modulator 1376 that utilizes a combination of pulse-width modulation and pulse-
phase modulation control schemes. The pulse modulator 1376 also receives the voltage

drop across the resistor Rs as a voltage control signal.

The pulse modulator 1376 uses the voltage control signals in combination to drive
the DC/DC converter 1350. When the voltage Vs is above a predetermined threshold
voltage level, the pulse modulator 1376 maintains the metal-oxide semiconductor field-
effect transistor (“MOSFET”) M3 in a closed state and the MOSFET M4 in an open
state. Thus, the current path from the electrochemical cell 1330 to the load is maintained
via MOSFET M3. In addition, the losses associated with the DC/DC converter 1350 and
the converter controller 1352 are minimized because the duty cycle is effectively
maintained at zero percent. In this case, the DC losses of the closed MOSFET M3 and
the resistor Rs are extremely low. The resistor Rs, for example, is preferably in the range
from about 0.01 to about 0.1 ohms.

When the voltage Vs is below a predetermined threshold voltage level, however,
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, 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
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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.

When the pulse modulator 1376 is turned on, its oscillator generates trapezoidal
or square wave control pulses that preferably have a 50 % duty cycle and a frequency in
the range from about 40 KHz to about 1 MHz, more preferably in the range from about
40 KHz to about 600 KH,, with about 600 KHz generally being the most preferred. The
pulse modulator 1376 alters the duty cycle of the output control signal for the MOSFETs
M3 and M4 utilizing an appropriate control algorithm. Most generally, the control
algorithm operates M3 and M4 with the same duty cycle but the opposite phase. The
MOSFETs M3 and M4 are preferably complementary high power transistors in which M3
is preferably an N-channel MOSFET, and M4 is preferably a P-channel MOSFET. In
essence, the configuration of the complete DC/DC converter 1350 is a boost DC/DC
converter with a synchronized rectifier at the output. In addition, the converter 1350
minimizes AC and DC losses by using MOSFET M3 instead of a non-synchronous
Schottky diode.  Separate control signals drive M3 and the power MOSFET M4.
Altering the phase and/or the duty cycle between the M3 and M4 control signals alters the
output voltage across the terminals 1320 and 1322 of the container 1312,

The pulse modulator 1376 may control the MOSFETs M3 and M4 based upon
one or more voltage control signals such as the voltage Vg , the voltage drop across the
resistor Rs, or the internal impedance of the electrochemical cell 1330. If the load current
consumption is low, for example, the pulse modulator 1376 generates a duty cycle of the
DC/DC converter 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.

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



f 10%& ()-13 f 10%& ()-13 f 10%& ()-13 f 10%& () - 1333333§ JREN
109& ()-13 f 109%& ()-13 f 109%& ()-13 f 109%& ()-13 f 10% 5 AUfi3 290

1090& () 444sT5/ 133 f 10%& ()-103 f 10%& ()-13 f (),1.;03 f
109%& ( _]\g5§9§§%&, ()-1/Kd 414" 4, 4-4.4/ 404}cl /13 f 10%& ()- 59

10%& () 13 f 10%& ()-13 f 109%& ()-13 f 10%& ()-1/Kd 3 f
109%& ()-1041424; 424E454wX9/ 13 f 13 f 108b& ()-13 f 10%& ()-1' 3

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 tl. The discharge sub-controller of the battery B2, however,
continuously boosts the output voltage of the battery to voltage level V2 throughout the
run time of the battery. When the cell voltage of the electrochemical cell of battery B2
falls to voltage level Vd, the minimum operating voltage of the discharge sub-controller,
the sub-controller of battery B2 will shut down and the battery output voltage drops to
zero at time t2, ending the effective run time of the battery B2. As shown in the graph of
Figure 14, the effective run time extension of the battery B2 having a sub-controller in
which the converter operates in a continuous mode is t2 - t1.

The controller of the battery B3, however, does not begin to boost the output
voltage of the battery until the cell voltage of the electrochemical cell reaches a
predetermined voltage level Vp3. The predetermined voltage level Vp3 is preferably in
the range between the nominal voltage level of the electrochemical cell and the highest
cut-off voltage of the class of electronic devices that the battery is intended to power.
More preferably, the predetermined voltage level Vp3 is about 0.2 volts greater than the
highest cut-off voltage, Vc, of the class of electronic devices that the battery is intended
to power. Even more preferably, the predetermined voltage level Vp3 is about 0.15 volts
greater than the highest cut-off voltage, Vc, of the class of electronic devices that the
battery is intended to power. Yet even more preferably, the predetermined voltage level
Vp3 is about 0.1 volts greater than the highest cut-off voltage, Vc, of the class of
electronic devices that the battery is intended to power,, with about 0.05 volts greater
than Vc being the most preferred. When the cell voltage reaches the predetermined
voltage level Vp3, the converter of battery B; begins to boost or stabilize the output
voltage to a level of Vc + AV. The voltage level AV is depicted in Figure 14 and
represents the voltage difference between the boosted output voltage of the battery B,
and the cut-off voltage Vc. The voltage level AV 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 B, that does not have a

converter of the present invention is t3 - t1.
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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 B, 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
reach the minimum operating voltage of the converter Vd in a shorter time compared to
the battery B3 in which the controller is operational for only a portion of the discharge
cycle. Thus, optimizing the selection of the predetermined voltage Vp3 of battery B3 as
close to the cut-off voltage of the electronic device that it is powering will result in the
most efficient usage of the electrochemical cell and result in a greater battery run time
extension. Thus the predetermined voltage Vp3 of the battery B3 is preferably equal to or
slightly greater than the cut-off voltage of the electronic or electric device that it is
intended to power. For example, the predetermined voltage Vp3 may preferably be about
0.2 volts greater than the cut-off voltage. More preferably, the predetermined voltage
Vp3 may preferably be about 0.15 volts greater than the cut-off voltage. Even more
preferably, the predetermined voltage Vp3 may preferably be about 0.1 volts greater than
the cut-off voltage, with about 0.05 volts greater than the cut-off voltage being the most
preferred.

If the battery is designed as a universal battery for a variety of electronic devices,
however, the predetermined voltage Vp3 is preferably selected to be equal to or slightly
greater than the highest cut-off voltage of that group of electronic devices. For example,
the predetermined voltage Vp3 may preferably be about 0 2 volts greater than the highest
cut-off voltage of that group of electronic devices More preferably, the predetermined
voltage Vp3 may preferably be about 0.15 volts greater than the highest cut-off voltage of
that group of electronic devices. Even more preferably, the predetermined voltage Vp3
may preferably be about 0.1 volts greater than the highest cut-off voltage of that group of
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, V¢, 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.
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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
electrochemical cell(s) of the battery may continue to discharge. In a primary battery, this
allows the cell(s) to be discharged as completely as possible depending upon the minimum
operating voltage of the converter. In a rechargeable battery, however, the present
invention allows an optimal discharge that increases the service run time of the
rechargeable battery independent of the cut-off voltage of the device as long as the
converter is capable of operating at a cell voltage less than or equal to the optimal
discharge depth of the rechargeable electrochemical cell.

TABLE 2

Example of AA Alkaline Batteries Discharge With and Without Power Controller

(resistive medium load, R =12 ohms)

Battery with Controller Battery
Time | Closed circuit | Consumed | % Rated | Closed circuit | Consumed | % Rated
(Hours) | voltage (V) power Capacity | voltage (V) power | Capacity
(mAh) (mAh)
0 1.6 0 100 1.5 0 100
1 1.6 107 96 1.4 76 97
2 1.6 321 87 1.3 209 91
3 1.6 642 73 1.2 386 84
4 1.6 856 64 1.2 499 79
5 1.6 1070 S5 1.1 609 75
6 1.6 1285 46 1.1 707 71
7 1.6 1499 38 1.0 797 67
8 1.6 1713 29 1.0 877 63
9 1.6 1931 20 0.9 945 61
10 1.6 2145 11 0.9 1009 58
11 0.0 2145 11 0.7 1047 56

Table 2 compares discharge data for a AA alkaline battery of the present invention
having a built-in discharge sub-controller in which the converter operates in a continuous
mode and boosts the cell voltage to an output voltage of about 1.6 volts to a typical AA
alkaline battery that does not have a controller of the present invention. In this table, the
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data shows the output voltage, the consumed power, and the percent of remaining
capacity (total capacity = 2400 mAh) for each hour when the batteries are connected to a
medium resistive load of about 12 ohms, which draws approximately 125 mA on average,
over the run time of the battery. As the table shows, the output voltage of the battery
having the converter remains constant at 1.6 volts for the run time of the battery, while
the output voltage of the battery that does not have a controlier decreases from the

nominal voltage of the battery over its run time.

Table 2 further shows that the battery of the present invention that has a built-in
controller provides two distinct advantages over the AA battery that does not have a
controller. First, for a device having a cut-off voltage of about 1 volt, the battery having
the built-in discharge sub-controller has a run time of about 10 hours, while the battery
without a controller will stop operating in the device after a maximum of about 8 hours
when the output voltage drops below 1 volt. Thus, in this example, the discharge sub-
controller provides about a 25 % run time extension over the battery that does not have a
controller. Second, the power delivered to the load and the percent of the rated capacity
of the battery that is utilized before the device shuts down is much larger for the battery
of the present invention having a built-in discharge sub-controller. Under constant current
drain conditions, the battery without the controller of the present invention will have an
even shorter time duration before the electronic device shuts down because as the output
voltage of this battery decreases, the ability of the cell to deliver current decreases
proportionately. This will result in an even greater advantage for the battery having the

built-in discharge sub-controller.

If the device has a cut-off voltage of about 1.1 volts, however, Table 2 shows that
the AA battery of the present invention having built-in discharge sub-controller operates
even more advantageously over the AA battery that does not have a controller. The
battery having the built-in discharge sub-controller will still have a run time of about 10
hours, while the battery without a controller will stop operating in the device after a
maximum of about 6 hours when the output voltage drops below 1.1 volts. Thus, in this
example, the discharge sub-controller provides about a 67 % run time extension over the
battery that does not have a controller. Additionally, the differences in power delivered to
the load and the percent of the rated capacity of the battery that is utilized before the
device shuts down is even greater than it was in the previous example. Again, under a
constant current drain condition, the battery without the controller of the present .
invention will have an even shorter time duration before the electronic device shuts down
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because as the output voltage of this battery decreases, the ability of the cell to deliver
current decreases proportionately. This will result in yet an even greater advantage for
the battery having the built-in discharge sub-controller.

Charge Sub-Controller

The charge sub-controller may also extend the cycle life of a rechargeable battery
of the present invention by individually controlling the charge cycles for each individual
electrochemical cell. Thus, the charge sub-controller may optimize the charge of each cell
based on actual feedback from that particular cell in order to maximize the number and
efficiency of each charge and discharge cycle. The charge sub-controller may, for
example, control the charge of each cell by directly monitoring the cell voltage and/or the
internal impedance of each cell. This allows the sub-controller to control the charge cycle
of each individual electrochemical cell of multiple single-cell batteries or of one or more
multiple-cell batteries.

The charge sub-controller may also extend the run time of a rechargeable battery
that is preferably not deeply discharged, such as a lead-acid battery, by charging 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 celi(s) during the “off-
time” of the discharge for those cell(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-controlier may also prevent an overcharge by only
charging the cell when the cell voltage is below a certain predetermined voltage level such
as the nominal voltage of the cell, by any other method to determine the end of a charge
cycle described in this application, or by any other means known in the art. Thus, the
controller may optimize the service run time of rechargeable electrochemical cells by not:
allowing the cell to discharge beyond the optimal discharge depth during the discharge
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cycle and optimizing the charge sequence during the charge cycle. The charge sequence
may also be designed for a particular type of electrochemical cell, a particular class of

electrochemical cells or a particular electrochemical cell.

Alternate 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 electrochemical cell
in the device or packaged with the rechargeable electrochemical cell in a hybrid battery.
A primary cell, for example may be packaged in the device or along with a rechargeable
electrochemical cell in a hybrid battery. A metal-air cell, such as a zinc-air cell that has a
high energy density, but is only able to provide relatively low current levels, provides a
particularly advantageous alternative power supply that may be used to charge a
rechargeable electrochemical cell. Alternatively, an alternative power supply such as a
fuel cell may be included in a hybrid battery to provide the charging source for the
rechargeable electrochemical cell.

In addition, the charge sub-controller also allows the use of either a contacted
charging system or a contact-less isolated charging system to charge a battery of the

present invention.

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-
controller 1504 could use the voltage control signal, V(psi), that defines the internal
impedance of the electrochemical cell 1530. This control signal is generated by the phase -
linear controller 1571 and is described with respect to Figure 13. Alternatively, the
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charge sub-controller may control the charging of the electrochemical cell 1530 by the cell
voltage or the charging current, or by a combination of two or more of the internal
impedance, the cell voltage and the charging current. In addition, physical conditions
measured within the container 1512 of the battery 1510 such as hydrogen concentration,
oxygen concentration, temperature and/or pressure may be used by the charge sub-
controller to optimally charge the electrochemical cell 1530.

When the voltage at the terminals 1520 and 1522 is higher than the cell voltage of
the electrochemical cell 1530, the pulse modulator 1576 of the discharge sub-controller
1502 closes N-channel MOSFET M3 and opens P-channel MOSFET M4, MOSFET M3
creates a current path from the terminals 1520 and 1520 to charge the electrochemical cell
1530, and MOSFET M4 prevents a short circuit between the terminals 1520 and 1522.
The pulse modulator 1576 may also turn off the ground bias circuit 1580 by sending a
voltage control signal to the clock generator 1587 of the ground bias circuit 1580. In the
charge pump example of Figure 9A, for instance, the clock generator 987 will open
switches S1 and S2, and close switches S3 and S4, collapsing the virtual ground output to
the potential of the negative electrode 934 of the electrochemical cell 930. Alternatively,
if the ground bias circuit 1580 includes an internal controller such as a charge pump
controller 1592 that operates as described with respect to the charge pump 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 electrochemistry, memory effects, and fatigue status of the electrochemical cell.
In addition, physical condition sensors such as hydrogen and oxygen concentration,
temperature, pressure, etc. may provide the ability to further optimize the charging
conditions.
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When the charge sub-controller circuit 1504 determines that the electrochemical
cell has been fully charged, the charge sub-controller opens N-channel MOSFET M3.
This disconnects the electrochemical cell 1530 from the terminals 1520 and 1522 of the
container 1512 and, thereby, from the external charging source or circuit.

Utilization of the internal impedance to control of the charging of the
electrochemical cell 1530 allows charge optimization based upon the true ionic and
electro-impedance conditions of the electrochemical cell 1530. By placing a charge sub-
controller 1504 in each container 1512 provides more control of the individual
electrochemical cells 1530 of multiple single-cell batteries or of a multiple-cell battery
because the sub-controllers individually control the charging of each cell. The cells 1530
may be charged in a series and/or a parallel configuration with other electrochemical cells
1530 1If the cells are charged in series, the charge sub-controller 1504 may include a high
impedance path between the terminals so that when the electrochemical cell 1530 is fully
charged, the sub-controller 1504 may shunt the charging current to the other cells
connected in series with that cell 1530. If the cells are connected in parallel, however, the
charge sub-controller 1504 may disconnect the electrochemical cell 1504 from the
charging current. Placing a charge sub-controller in each electrochemical cell of a
multiple-cell 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
control 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
MOSFET M1. The test current, Is, flows through the MOSFET M1, and the phase linear
controller 1571 detects the phase shift angle ( y) between the test current, Is, and the test.
voltage, Vs. The phase linear controller 1571 outputs the voltage control signal V(psi),



10b3 f 10%& () 1/ Kd 88=b>?AAA| [ -310x! YI 7100 & ()- Y. " 10%g & MUB- 2002

If& 1096 & ()~ | " 109! & ()- Y "10%! & ()-d #10%! & () - AAAAB BBERA3LOX!

| "100% & ()W /ﬁ)b & ()- “yl0% & ()- 3s10% & ()- PCT/US95/07170
" $109% & () - 10x! 10x! EIMWMVWM/ U410 #109%! & () - S109%! & () -
YL10%! & ()-10! 10! 10! Y&0"10% & () - 52
Y'10% & () - MBRWXXYY| [ NA41010x! 10x! 10x! Y31"10%! & ()- |1. 10%! & ()- |
"100! & ()- Y 109! & ()- f"10%!& ()-YYYY, Yz\\|[:NA41010 L10% & ()-
"109 & () - wh@m%c&rl@) ofSrtitha 10)the PAIBSSHiR-bedBdIh8’ AL-donsprmeniscofUhd Gell

L10% & ) B o B e IR R SRR
8 (1)0% & () contetl Geat&marhido @TD_ oa"rhle|<{ham4<1@mmlf5ta]16%aahir(e) 1694 ugedWhis&anyrol
"109%! & 0

oi oo & T R AT 100l AR ACl g gt
| & 10%! & 9z theHeletrpghemical 1¢ell |15390%<|fe!l>()chargt°-ﬂoo e&p(ll)se mmd%ato& (576

i’ig 3}6008/?“ & ﬁ%&qrﬁfég{%%?ﬁﬁ'r Mi%l(:ﬁ‘ n( Yudn' dﬁ&@l@%l@c ?Itlgtr@é‘leﬂcal cell 1530 from
| 610%! & ( Yhe ¢ammingls {32P1and 185@9%%?@? f)tamefshffﬂ@%& () | "10% & ()- 3"10% & () -
f# 109 & ()- 9y109% & ()-\vU410 #L10% & ()- f109% & ()- Y 10% & ()-

#10% & () - 10I 10L.10!

YY10% & () - }it@%e&lz)s%o»i%@/g gte%twé ]f%g%oglyr?% %B‘%R% harg.elﬁ.&(q:cgzn%oale circuit
fz igﬁﬁ(;&( §$hoM0?b<Fn&h(e) 15 1h@xdliiws) an 9R1e6t |chia(gingl OF 16¢ Jel 'Eb;dbhac:hldﬂlOcell 1530 o
vuizo Lol BN A g br i vl B B agagj%%n&lﬁo
| "109% & ()°oDtgomepaunim@npon.o! nothig embodingent) the chargggiicontroberigoeug 1704

;'#1200/?%&&(%m@ﬂeslc&%c&l(v)ha&‘?a%ﬁq‘ék[ M%Q&H?!aﬁ 118 & I(Q trins?&rﬂe& {0 -dharge the
Y109%! & ()gl?&jf%ﬁma cejl 1999 &T(hF e)ztgl@&g%tggg)sougbg lggl%j&s @) primary coil of the
FL" 109 & ({rarstdyidel eHabihbho b9$ﬂaﬁﬁféﬂ & § Wwidddess EOnhethsh tliroih%%ﬂ‘ls?alf o tHe|secondary

mlgoo/%(/;(f&&( %301? %%%5@% su% )&3,1]%( gn% {g\r&ﬂ bU41b gglﬁ%b‘%sgt mventlonI §‘01( )-

$10% & () - ©aripld) xhaOrdntMS' m@mue& v(v)refcdﬂ on the label of the battery 1510 or may be
contained within a non-metallic container, a container having a non-metallic window, or
the battery to form the secondary coil of the charging transformer. The charging circuit
of this embodiment preferably operates at a frequency 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 1798 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 or 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 may provide a
distinct benefit over batteries that must be removed from a device. A battery in a
surgically implanted device such as a pace-maker, for example, may be charged without
surgically removing the battery from the patient.

Emergency Disconnect Sub-Controller
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terminals of the battery. Alternatively, the emergency disconnect functions may be
performed by the circuitry of the discharge sub-controller and/or the charge sub-
controller, or the controller may include separate sensing circuitry that signals the
discharge sub-controller and/or the charge sub-controller to disconnect the
electrochemical cell from the terminals of the battery. One embodiment of an emergency
disconnect, for example, is discussed above with respect to Figure 11. In this
embodiment, an emergency disconnect circuit 1182 signals the converter controller 1152

when one.or more safety-related conditions are detected.

Valve Sub-Controller

The controller may also monitor and manage gas exchange between a metal-air
electrochemical cell and-the external environment. Metal-air batteries have decided
advantages over other types of electrochemical cells such as typical alkaline
(zinc/manganese dioxide) or lithium batteries. The metal-air batteries have a higher
specific energy and energy density. Metal-air batteries are also environmentally safe and

generally leakage-free.

Metal-air batteries are comprised of one or more electrochemical cells. Each cell
typically includes a metal anode and an air cathode separated by an electrolyte. The metal
anode usually comprises a fine-grained metal powder, such as, but not limited to, zinc,
aluminum or magnesium, blended together with an aqueous or non-aqueous electrolyte,
such as potassium hydroxide, and a gelling agent into a paste. The air cathode is a
catalytic structure designed to facilitate the reduction of oxygen and typically comprises
active carbon, a binder and a catalyst, which are formed into a metal sheet together with a

metal current collector.

In a metal-air battery, oxygen, through a series of reactions, reacts with the metal
in the cell producing electrical current. In a zinc-air cell, for example, oxygen enables a
charge/discharge reaction at the cathode (positive electrode):
%2 02 + H20 + 2e —» 20H-,

) -

4 9
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Meanwhile, a charge/discharge reaction occurs at the anode (negative electrode):

Zn +20H-— ZnO + H20 + 2e.

Hence, the zinc-air cell has an overall reaction:

Zn+% 02— ZnO.

Typically, metal-air batteries utilize ambient air, which contains approximately 21%
oxygen, as the reactant for the cells. The ambient air flows through ventilation holes in
the housing. In the housing, the oxygen in the ambient air reacts with the cells. If the
holes are not closed over an extensive period of time, the air will dehydrate the cell if the
ambient humidity is below about 60 % or will flood the cell if the abient humidity is
greater than about 70 %.

The controller, however, may monitor and manage the air exchange into and out
of the electrochemical cell(s) of the battery so that air may only flow into the cell when
the electrochemical cell requires oxygen to provide the current required by the load.
When the load is disconnected or demands only a minimal amount of current, the
controller may close or partially close the valves so that the reaction in the
electrochemical cell is stopped or slowed down and the cell electrolyte is protected until
the load demands more current. At that time, the controller may open the valves so that
the electrochemical cell will generate the current demanded by the load.

In a preferred embodiment of the present invention the valves are non-linear, bi-
stable microvalves. The microvalves are preferably micro-electromechanical,
electrostatic, or magnetic valves arranged in an array configuration. The microvalves may
include micro-electromechanical systems (MEMS), LIGA process, quasi-LIGA process
or shape-based memory alloys (i.e., bi-metal laminates). The array configuration is
preferably designed specifically for a particular single-cell battery or multiple-cell battery
in order to provide enough airflow so that the particular battery may provide a high
current rate and to stop the airflow so that the particular battery will not continue to be
exposed to the ambient air after the load has been removed. The microvalves may be
normally-open, but are preferably normally-closed. The use of bi-stable microvalves
instead of a valve having a single stable state allows the controller to save energy when
opening or closing the valves by sending a single pulse instead of “holding” the
microvalves open or closed by maintaining a continuous voltage level.
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The valve sub-controller may utilize one of many control schemes, whether
described in this application or known in the art, to control the valves in a battery of the
present invention. The control schemes described with reference to Figures 8-13 with
respect to the discharge sub-controller may also be used to control the microvalves. In
one embodiment, the valve sub-controller may close the microvalves when the battery
terminals are open-circuited (i.e., no load present), or in the case of an emergency
disconnect short-circuit condition. In addition, Figure 18 shows another control scheme
that may be used to control the valves. In this example, the valve sub-controller opens the

valves when the cell voltage is within a range of threshold voltages.

Figure 18 is a combination block and schematic diagram of a controller of the
present invention that includes a valve sub-controller 1807. The valve sub-controller
1807 includes input connections from the positive electrode 1832 of the electrochemical
cell 1830. The pulse modulator 1876 also provides a control signal that is used by the
valve sub-controller to control the microvalve array. As shown in Figures 19 and 20,
each microvalve is also grounded via the negative electrode 1834 of the electrochemical
cell 1830. The pulse modulator may generate the control signal for the valve sub-
controller based upon any of the control methods described above for controlling the
discharge sub-controlier with respect to Figures 8-13. For example, Figure 18 shows a
control scheme similar to the one described with respect to Figure 13 in which the control
signal is based on the cell voltage and/or the phase shift control signal V(phi), which is
indicative of the internal impedance of the electrochemical cell 1830.

Figure 19 shows one embodiment of a valve sub-controller 1807 of the present
invention in which the microvalves 1995 form an array 1996 of digital (i.e., 2 state)
valves. In this example, the control signal from the pulse modulator 1876 is fed into
comparator 1997. Comparator 1997 determines if the array 1996 of microvalves 1995
needs to switch states (e.g., open or close). If the comparator 1997 determines that the
array 1996 is to change states, the comparator 1997 preferably sends a control pulse
signal that changes the state of each microvalve 1995 of the array 1996. The comparator
1997, however, may also control each microvalve 1995 in the array 1996 independently,
or may control multiple arrays 1996 independently so that the valve sub-controller may
regulate the amount of air that may flow into the container 1912 or housing depending

upon the amount of drain current.
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most efficiently provided the demanded current and minimizes the exposure of the

electrolyte to the ambient air. In a further aspect of this embodiment, a metal-air
electrochemical cell having a valve sub-controller of the present invention may also be
used in a hybrid battery with a rechargeable electrochemical cell. In this embodiment, the
metal-air electrochemical cell may be used to charge the rechargeable electrochemical cell.
The valve sub-controller may control the charging current supplied by the metal-air
electrochemical cell by controlling the airflow into the metal-air electrochemical cell.

State of Charge Monitoring Circuit

The controller may also monitor the state of charge of one or more particular
electrochemical cells and provide this information to a user, an electronic device, or for
quality assurance purposes. The controller may notify the user, for example, by a low
remaining capacity indication as described above with respect to the discharge sub-
controller or by a visual or audio indication. Additionally, the controller may provide an
indication to a device, for example, by technology such as electronic labeling discussed
above or a communication bus such as an SMBUS designed for “Smart Batteries.”
Further, the controller may also monitor the voltage or remaining charge levels of an
electrochemical cell or a battery to determine if the battery or the cell is defective and set
a flag in a digital register if the battery or cell failed a quality assurance test. An external -
quality assurance test circuit, for example, may then check this register to determine of
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primary cell, for example, the controller may sample the voltage and/or remaining charge
levels over a period of time to determine if the voltage or remaining charge levels have
fallen to an unacceptable level and, if so, set the flag in the register to indicate that the cell
is defective. In a rechargeable cell, however, the controller may monitor a test charge or
discharge cycle, or may monitor the voltage and/or remaining charge levels of the
rechargeable cell after it has been charged in the same manner as for a primary cell to
determine if the cell is able to maintain the charge adequately. If the cell fails one of these
tests, the controller may set the flag in the register to indicate that the cell is defective.
Thus, by including the controller in the battery, the controller may monitor the cell for the
test period and the quality assurance equipment only needs to check a single flag in the
battery to determine if the battery is acceptable to ship instead of needing to perform the

actual monitoring of the individual cells.
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1. A battery characterized in that it comprises:
a. a container including a positive terminal and a negative terminal;
5 b. a single electrochemical cell disposed within said container, said cell

having a positive electrode, a negative electrode and a cell voltage measured
across said positive electrode and said negative electrode of said cell; and
c. a controller electrically connected between said electrodes of said cell
and said terminals of said container to create an output voltage measured across
10 said positive terminal and said negative terminal of container, said controller
being adapted to monitor one or more of the following physical parameters
selected from the group of an internal impedance of said cell and a hydrogen
concentration, said controller being adapted to control the operation of said cell
based upon said physical parameter.
15 2. A battery of claim 1, wherein said cell is a rechargeable cell, said controller
being adapted to receive a charging current and to control said charging current

to charge said cell.

3. A battery characterized in that it comprises:
a. a container including a positive terminal and a negative terminal;
20 b. an electrochemical cell disposed within said container, said cell having a

positive electrode, a negative electrode and a cell voltage measured across said
positive electrode and said negative electrode of said cell; and
c. a controller electrically connected between said electrodes of said cell

and said terminals of said container to create an output voltage measured across



SL10988& ()-  FL0%G& ()-SRF|[:vU40 3t 10968& ()- 10968& ()-
"10080& ()- -109%8& ()- glO%E& ()- SLOWE& ()-F'S|[:vU40 2 LASEAMEE() -
) MLOYBR&: ()- 3' F10%G& ()- YA0WEE ()- #10%E& () -

"I T10998& ()-8 |[:-410%6 9910%08& ()- 610W6& ()- 4109%68& ()-
2-10900& ()- OnLOYSAE ()- Y. 1008 ()- qBA4109%6 fnlO%EE ()-  9L109%8E& ()-
10900& ()- 1098& ()- &L0%A& ()- 109BA0%M] || : A410%6 MLOYRRE: () -
Y10%0& ()- , 1WAtV ternYihOPAU&ald) negdEAGinAL of sA RGN ire) - é?ﬂdﬂ [ A410%%
%1000 () - SH- 10%/@/&' )~ & gL0%ME L) - 10908& (). MLOWBE: (

A el M - R SR

$y 10988 () - 10W&0W%§)ch§glowa/& 9OE () - AT090& ()- U2|[:vU4l0 3

910988’ () - ermine a re ammg charge o
4. A battery characterized in that it comprises:
5 a. a container including a positive terminal and a negative terminal;
b. an electrochemical cell disposed within said container, said cell having a

positive electrode, a negative electrode and a cell voltage measured across said
positive electrode and said negative electrode of said cell; and
c. a controller electrically connected between said electrodes of said cell
10 and said terminals of said container to create an output voltage measured across
said positive terminal and said negative terminal of said container, said
controller including an electronic identification of said cell including at least one
of the group selected from a type of said cell, a nominal voltage of said cell, a
rated capacity of said cell, a peak current delivery capability of said cell, and an
15 optimal current delivery capability of said cell.
5. A battery characterized in that it comprises:
a. a container including a positive terminal and a negative terminal,
b. an electrochemical cell disposed within said container, said cell having a
positive electrode, a negative electrode and a cell voltage measured across said
20 positive electrode and said negative electrode of said cell; and
c. a controller electrically connected between said electrodes of said cell
and said terminals of said container to create an output voltage measured across
said positive terminal and said negative terminal of container, said controller

being adapted to electronically disconnect said cell from said terminals of said
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container when said controller detects one or more of the following conditions:
an inverse polarity, a short-circuit, an overcharge of said cell, a temperature of
said cell exceeding a predetermined temperature, a gas pressure of said cell
exceeding a predetermined pressure, and a hydrogen gas concentration
5 exceeding a predetermined hydrogen gas concentration.
6. A battery characterized in that it comprises:
a. a container including a positive terminal, a negative terminal and a
periphery;
b. a first microvalve and a second microvalve, said first and second
10 microvalves disposed on a portion of said periphery of said container;
c. an electrochemical cell disposed within said container, said cell having a
positive electrode, a negative electrode and a cell voltage measured across said
positive electrode and said negative electrode of said cell; and
d. a controller electrically connected between said electrodes of said cell
15 and said terminals of said container to create an output voltage measured across
said positive terminal and said negative terminal of said container, said
controller being adapted to control said first microvalve and said second
microvalve independently to control air flow into said container.
7. The battery of Claim 1, wherein said controller monitors a temperature of said
20 cell and disconnects said cell from said terminals of said container if the
temperature of said cell exceeds a predetermined temperature, and/or said
controller monitors a gas pressure of said cell and disconnects said cell from said

terminals of said container if said gas pressure of said cell exceeds a

predetermined pressure.
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a. a housing having an output positive terminal, and an output negative
terminal;
b. a second container at least substantially contained within said housing,
5 said second container having a second container positive terminal and a second
container negative terminal, said second container being electrically connected
to said output positive terminal and said output negative terminal of said
housing;
c. a second electrochemical cell disposed within said second container, said
10 second cell having a second positive electrode electrically connected to said
second container positive terminal, a second negative electrode electrically
connected to said second container negative terminal, and a second cell voltage
measured across said second positive electrode and said second negative
electrode;
15 wherein the battery further includes one or more of the following:
(1) said electrochemical cell is a metal-air electrochemical cell; said
container and/or said housing includes at least one microvalve disposed in a
portion of said container and/or said housing; said controller being adapted to
control said microvalve to control air flow into and/or out of said container
20 and/or said housing; and/or
(ii)  further including a second controller electrically connected between said
second electrode of said second cell and said second terminal of said second

container; said electrochemical cell is rechargeable; said controller being

adapted to control a charging current from an external charging circuit and/or
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charging current according to a specific sequence to charge said cell.
9. The battery of any of the preceding claims, said battery further comprising at
least one microvalve, said controller controlling said microvalve to control air or
5 oxygen flow into said container, said controller is preferably adapted to open
said microvalve to allow air to diffuse into said container when air is needed for
the battery to provide a required current drain and/or to close said microvalve to
prevent air from diffusing into said container when an air concentration in said
container 1s sufficient for the battery to provide a required current drain and
10 wherein said microvalve is part of an array of microvalves.
10. The battery of any of the preceding claims, said battery further comprising at
least one microvalve, said controller controlling said microvalve to control air or
oxygen flow into said container, said controller is preferably adapted to open
said microvalve to allow air to diffuse into said container when air is needed for
15 the battery to provide a required current drain and/or to close said microvalve to
prevent air from diffusing into said container when an air concentration in said
container is sufficient for the battery to provide a required current drain and
further comprising a second microvalve disposed in a portion of said periphery
of said container, said controller being adapted to control said microvalve and
20 said second microvalve independently.
11.  The battery of claim 9, further comprising a second array of microvalves
disposed in a portion of said periphery of said container, said controller being

adapted to control said array of microvalves and said second array of

microvalves independently.
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16.

signal to one or more of the group selected from an external device, an external
quality assurance test circuit and a register of said controller, and/or said
controller provides an indication when said remaining charge reaches a
predetermined charge level, and/or said controller includes an electronic
identification of said remaining charge of said cell.

The battery of claim 8, wherein said second cell is a rechargeable cell and said
second controller is adapted to control a second charging current from a third
electrochemical cell and/or an external charging circuit to charge said second
cell, preferably said second controller is adapted to control said second charging
current according to a specific sequence to charge said second cell.

The battery of claim 8 or claim 14, wherein said controller is adapted to receive
the charging current from said second cell, and/or an external device via said
first terminals of said first container, and/or from a coil element of said
controller.

A battery characterized in that it comprises:

a. a container including a positive terminal and a negative terminal;

b. a single electrochemical cell disposed within said container, said cell
having a positive electrode, a negative electrode and a cell voltage measured

across said positive electrode and said negative electrode of said cell; and
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said positive terminal and said negative terminal of container,
wherein the battery further includes at least one microvalve, said controller
5 controlling said microvalve to control air or oxygen flow into said container,

said controller is preferably adapted to open said microvalve to allow air to
diffuse into said container when air is needed for the battery to provide a
required current drain and/or to close said microvalve to prevent air from
diffusing into said container when an air concentration in said container is

10 sufficient for the battery to provide a required current drain; and
further comprising a second microvalve disposed in a portion of said periphery
of said container, said controller being adapted to control said microvalve and
said second microvalve independently.

17. A battery characterized in that it comprises:

15 a. a container including a positive terminal and a negative terminal;
b. a single electrochemical cell disposed within said container, said cell
having a positive electrode, a negative electrode and a cell voltage measured
across said positive electrode and said negative electrode of said cell; and
C. a controller electrically connected between said electrodes of said cell

20 and said terminals of said container to create an output voltage measured across
said positive terminal and said negative terminal of container,
wherein the battery further includes at least one microvalve, said controller
controlling said microvalve to control air or oxygen flow into said container,

said controller is preferably adapted to open said microvalve to allow air to



2§ AUG 2002

65

diffuse into said container when air is needed for the battery to provide a
required current drain and/or to close said microvalve to prevent air from
diffusing into said container when an air concentration in said container is
sufficient for the battery to provide a required current drain wherein said
microvalve is part of an array of microvalves and further comprising a second
array of microvalves disposed in a portion of said periphery of said container,
said controller being adapted to control said array of microvalves and said

second array of microvalves independently.



