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OF TAE | NVENTI ON The present invention relates to batteries and ﬁﬁizmz
particularly to batteri 2 uilt-in controller to extend the
battery service run tinﬁEUh E OF TAE | NVENTI ON Consumners use primary
and rechargeabl e (secon es in portable electronic devices such
as radi os, conpact disc playesiss* caneras) ¢&ellul ar phones, el ectronic
games) toys, pagers and conputers devices. Wen the service run tine of a
primary battery is over) t he qﬁ ual t hr own_away. The service
run time of a typical }': a‘éh@w@ &@Hyl%ﬁwﬁm'&l‘usage of

bet ween approxi mately 40 and 70% of the total battery storage capacity.
Once that portion of the initial stored energy has been used, the battery

general |y cannot supply enough WELDOR THE INENTION cal el ectronic
circuit. Wien the useful life of these batteries is spent, the consurrers

usually throw the batteries ven though the battert cont
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t he servi ce aailt-innenubller tprextend yheotteey sertiye ainltoné. ng a saf e deeper

di scharge will reduce waste by allow ng the el ectronic devices to use nore
of the storage capacity of the battery before throw ng |t away. The overall
life of a rechargeabl e batt eBj ROEND Q) HE INVENTHNendent upon the
nunber of and the efficiency of the charge cycl es. Rechar geabl e batteries
may be charged and reused after each discharge cycl|e. wth a primry
battery, after a [SEMEYREaYes Btmewnsgmhéwa@?&%ea@tdaeaﬁaeﬁw lhaerteaen used,

the battery tetelatreﬁbldywemeh a§ta|apisyccﬁﬁ;mlbnsu llapagecaheradme\netaapha{eect ronic
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may generally be exten ed ently control e di scharge
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such as

because the battery may otherwise develop a "memory" effect if the battery is charged
without being appropriately depleted resulting in a decreased capacity available for future
charges. Deep discharge of a lithium battery, however, may damage the electrochemical

T

*G00002+



a switching converter (e.g., a DO DC converter) in the devices for
converting and/or stabilizing the output voltage of the battery.2linAtdhegp
devices, multiple single-cell batteries are generally connected in series,
and the total voltage of these batteries is converted into a voltage
required by the load circuit by a converter. A converter can extend the run
time of the battery by stepping down the battery output voltage in the
initial portion of the battery discharge where the battery woul d ot herw se
supply nore voltage, and therefore nore power, than the load circuit

requires, aréénsorrrrasesmwﬂhmewm%ab@ta l@reYecﬂ‘éEHéiﬁrcMQbﬂ%%'%] eranyzbé atter
portion of t he char
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transm tter anByr HedfatteBes themsPryY Qddio frovidb gréuddriveiliYatidhyN6red ehdigy Sour ce
of the EM can be placed farther away fromother EM sensitive el ectronics
and/ or coul d be shielded by a conductive container of the battery. Another
probl em w t h pr eSente moreteapensive ricerrbaic slevised inalude heyltigeiegalator cireddsuch as
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of their stored el ectrani ¢ devi ces .c | so use sma|ler or, fewer
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sai d negative e control lectrically coupl ed
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According to the invention in a second aspect there is provided a nethod
for extending the useful life of a battery, said nethod characterized by

the steps of a) providing a battery including: a container having a
positive termnal and a negative termnal; and a battery cell disposed
vvr thin sar d cont ar ner, sai d ceI I havr ng a posr ti ve el ect rode a negative
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The present nmvenhon provides a battery that provides a |onger service run
time by optimally using the stored charge of a primary or a rechgarigae®l2002
battery before charging. The battery has a built-mcontroller that includes
a converter, which may be capabl e of operating bel ow the voltage threshold
of typical electronic devices. The controller nore efficientl y regul ates
the voltage of the elec rochemc ell .and allows for a cantrolled

di schar ge %rnV%rﬁfS&f;‘fWa‘rau ?%é&?&?@@%ﬁiﬁ&?ﬁw eVt ooy oL HENE ARYSeBTaY ce r un
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of el ectrochem cal cadm um
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vol t age when the input voltage is bel ow that which typical electronic

devi ces can operate; (3? | owering the battery output inpedance; (4)

det er mi ni ng t heAeqshdr peabled] wihpresgat vokipgeteonyesyrs jsthap they fxpicaly WE‘WIPIQ: har ge
sequence; ér&-)rrobmﬁ@a&du@@s;wcﬁnhartgesﬁddrtberkahﬁehaﬁc eirbRMigteeeddipeh acan! cel |
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gauges. In pre err Iment, a single contro I's nnunted inside a
housi ng ofwlarclhﬁw fhen gepBp polisge ﬁ%wrytoarlevréleré‘rrareeéweéle%&w@eywr -eLhys, dugyto
standard &h&@dﬁve@a'g iphvoltagettfuireSBRE the@lectfific MvRS aftbt doRtRREVeRs) pProvi des

sever al ti nct advant ages,_ 0 | aci the.coptroller i.n the el ectronic
v ce. i Seamoeri Fela o R ey SRS T s s

par ti cul aropetatc Thio cdselts 10 slastedsprcihé weight angd preiverss foethdr ndnibtanzatigyp ef thé

el ectrocheql 68l Gl kes. Second, if the device needs a converter only for a
battery confaining a parti cul ar type of electrochem cal cell (e.g.,

lithium to alter and/or stabilize the battery output voltage and not for a
battery cont ai nTing, Aied beits foypemalfy Bt eetstondhbarbesta reshhdgedte etterydhdd, SLA) ,
and the CO%)Y]%& e[heé]gthl cﬂtdﬁgl{aﬁée%gfo dn g‘h@q}ﬁp{%t%rg or‘&é}% m b gl"&e 1§§er§'iiagrun

converter bat ¢Lronic device ma

desi gned wi®h &Xtderlﬁénaj@ttge%wwﬂ@ egreatmmﬂélzwon Pt HEIF goyed 6‘%CY%YW§.1P‘FU€PICC| rcuit
desi gns andtvieeeastilso haSsateras Soel Biteflesih bilded th €urthernvaiatieize porableatderatic ng t he
battery th&gcgé)es not need the converter. In a particularly preferred
enbodi nment , the controller is nounted inside the container of a si ngl e-cel |

battery such as a AAA, AA, C, D or prismatic battery, or inside the
cont ai ner of each cell of awmch as a prismatic or a
standard 9 volt battery. This aspect of the present invention provides the

advant ages Ilstgéco?d@@/te tHeQhveRli@Cih laqrireasslea%eee 1§9ra,wdeuertte+yrbh§ramﬁieam e-cel |
battery atg provr des even nor e advant g es 1@@{% it allows i}Fe controller

to be custBMIMIOMPHES 2 O BaTing2 ROyHEe tgrming BrERTg teramat &) f b3S ake
advant age @il dnswseﬁanthmcsankiabntah@pﬁardomhhamm@d posigiae tleanode, a Segaaneleledtfodal | ows

for batter o5 DRYAg. ALLLAISOLASE Al S SR LOsENLEALLCS! by 4 e used

|nterchangeabl e or
internal i médlkme Cttlcﬁllmemplttdﬁetween Qaldl_elmgi@@@@lfr @é}@h@ emdahtlsm@# Oﬁaﬂla@ct ronic

devi ces degingiffiolimd %Bﬂh@ceﬂ%ﬁag%ta%'?ﬂ%hfjvoﬁ@%éa%fo\és thgﬁésﬁ'tw@fan& Resve
advant ages, for exanpl e ar i'n a super ficient thiumcell that

e
meets the ‘6’5’@@@?@?@6 crminer: @ed ¢ acsieutt ’@Eﬁ?ﬁ’%‘h‘éﬁtpsﬂ strmansitcawaa%r) frag volt AA
batt ery bybattsiyilie airdutibeing operstidoruatduple tiewusgiuepoldgadT tidventiciie frah tieel |

vol tage fr s to an out put

vol t age oft%m?)1 gogtﬁg&%tal"{ep&og%%éuoﬁ|0§|5aﬁl(9 r? % elﬁ% gorn\égle) vol tage of a
lithiumcell) the designer can substantlally |ncrease the battery run tine.
Al so, providing a controller in each battery cell provides a nmuch nore
effective control over every cell than is presently avail able. The
controller may nonitor and control discharge conditions in each prinmary

el ectrochem cal cell and can ensure that each cell is conpletely exhausted
before the el ectronic device shuts dowmn. The controller may al so nonitor or
control the discharge cycle in each rechargeable electrochemcal cell to
ensure that the cell is discharged to a level that will provide the |ongest
possi bl e service run tine of the battery and will inprove the safety of the
ceII ~to prevent condltlons such as nenory effects short crrcurts or



A preferred enbodi mrent of the DC/DC converter is a high effici engﬁ,Aul tra
| ow i nput vol tage, and nedi um power converter that utilizes a pu Rttt (?an,
or -phase shift 2 1 AUG 2002 nodul ation, and pul se skip | ow duty contr ol
schene with the start-stop oscillator conBaol schene. Ot her features and
advant ages of the present invention are described with respect to the
description of a preferred enbodi nent of the invention. BRI EF DESCRI PTI ON
OF TAE DRAW NGS%4e7diRe fo1ie RYsaHeT in @ 4e508haseen Eielfderrovided s wrthedhier gsndiigul ar | y
poi nting ofit uend lieH Slaibagdry,Waid nkthst Oearddheiz&d ) tRCtepIt §)@ioviding a batefyegar ded as
the present 1i15]i\14&ntciorclmfn iﬁav:!nsabelitiiv%vceed gap;?htd ¢ I‘e]eatij}/(szxrglunicllon dvgblah be lpet rer
under st ood ™ PERF I F O BV ﬁgpasescrlrglfl oft, AMTPERC IS FakEl 4% %r?ﬂﬁfuncti on
with the ademapawgimepidicoatsineysaid Filldaries b phstive efseirajsecidgaterevleepdef and at ypi cal
Eypi cal oyl o et AUElN] fud L rodoltBeBuBENBREES W B CRION o of vt
ypi ylind~ y ure. Figu [ i . view of y
anot her tyﬂ?%‘laﬁﬁfj‘?qpﬁﬁﬁ?E‘EIFOIE)%E?%’FV %@rﬁfg??ﬂeé?’f sejds6 andpadderpinglspfgaii agr am
of a bat t ecoptafer tofernp fiesethd cellVeiape] aroutphit Glthge #Ass the poditiveakd thigatiream of one
preferred I 1 t.ter i.n. Fi Fi e.4B i.s _a bl ock
G 2 am of Cagnor et 3pP b Borde\8 Wi bt Plfechuliel st o e, 21 0
Fi gure 4C battery, tricoerling theputpm itageent thereonthrdler fsore theterminalseb tdicomainerof t he
battery shown in Figure 4.

The present inventton provides a battery that provides a longer service run time by
optimally using the stored charge of a primary or a rechargeable battery before charging. The
battery has a built-in controller that includes a converter, which may be capable of operating
below the voltage threshold of typical electronic devices. The controller more efficiently
regulates the voltage of the electrochemical cell and allows for a controlled discharge or an
optimal discharge depth in order to extend the service run time of the battery. The controller 1s
preferably disposed on a mixed-mode silicon chip that is custom designed for operation with a

particular type of electrochemical cell such as an alkaline,



Figure SAis a partially expl oded, sectional view of a preferre% ﬁg@g @nent
of a battery of the present invention. Figure SBis a partially#®e d
sectional view of another preferred enbodi nent of a battery of the present
i nvention. Figure SCis a partially expl oded, perspective view of yet

anot her preferred enbodi nent of a battery of the present invention. Figure
6 is a perspective view, partially in sectdon, of a preferred enbodi nent of
a multiple-cell battery of the present invention. Figure 7 is a bl ock

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

m/ent ~on. Fi ﬂ@l{e@cﬁimﬁma("mcwb ity ratal ﬁﬁdry@t(“ﬂm}ihy NitRGef Bhivdioarhadyment
of abatteryo ?" qi | nv ntl%wcﬁo tthZOOCZ Frl ure 9é{§s a bl ock
di agram of afi r PIEr GF OB Wtht3 RAT LB?
i nvention. Fi gur e 9A is a schematic diagram of one enbodi mant of an aspect
of the preferred The controller monitors and controls power delivery to the load to optimally
extend the battery service run time by (1) turning on and off the DC/DC converter; (2)
maintaining a minimum required output voltage when the input voltage is below that
which typical electronic devices can operate; (3) lowering the battery output impedance;
(4) determining the optimal discharge depth; (5) providing an optimal charge sequence;
(6) increasing discharge current that given electrochemical cell can provide without
controller; (7) providing high discharge current within cell safety limits even if this current
exceeds converter maximum output current using by pass mode; (8) measuring remaining
cell capacity; and (9) providing operating control signals to cell capacity indicators/fuel'
gauges.

In a preferred embodiment, a single controller is mounted inside a housing of a
multiple cell primary or rechargeable battery (e.g., a standard 9 volt battery). This aspect
of the present invention provides several distinct advantages over placing the controller in
the electronic device. First, it allows the battery designer to take advantage of particular
electrochemical characteristics of a particular type of electrochemical cell. Second, if the
device needs a converter only for a battery containing a particular type of electrochemical
cell (e.g., lithium) to alter and/or stabilize the battery output voltage and not for a battery
containing another type of electrochemical cell (e.g., NiCd, SLA), and the converter is
integrated with the battery that requires the converter (i.e., the lithium battery), the
electronic device may be designed without the DC/DC converter. This will allow for
smaller circuit designs and prevent losses associated with the converter from affecting the
battery that does not need the converter.

In a particularly preferred embodiment, the controller is mounted inside the
container of a single-cell battery such as a AAA, AA, C, D or prismatic battery, or inside
the container of each cell of a multiple-cell battery such as a prismatic or a standard 9 voit
battery. This aspect of the present invention provides the advantages listed above for
placing a single controller in a multiple-cell battery and provides even more advantages.
First, it allows the controller to be custom matched to particular type of electrochemical
cell to take advantage of its particular electrochemical reactions. Second, it allows for
batteries having different types of electrochemical cells to be used interchangeably by
either altering or stabilizing the output voltage or internal impedance to meet the



enbodi mrent of the battery of Figure 9. Figure 9B is a bl ock di ag.,ram of a(%et
anot her preferred enbodi nent of an aspect of the preferred enbo 2
the battery of Figure 9. Figure 10 is a bl ock diagram of yet another
preferred enbodi nent of a battery of the present invention. Figure 11 is a
bl ock di agram of another preferred enbodi nent of a battery of the present
invention. Figure 12 is a block diagram of5 yet anot her preferred enbodi nent
of a battery of the present invention. Figure 13 is a conbination of a

bl ock.and a schematic di agram of another preferred enbodi ment of a battery

of the pres%ﬁmkdﬁ\’e@a@bMectBnﬂiﬂe@nc@ﬁdé?n@d%ap&anondi saftardbattar Bedhesfi sti c
curves for hg% i.cal bat I
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di agr am of afh@wh)é& tOeafb@Hthe\rqltam Oﬁat@hhﬂ evolta decblﬁilZlbg therhigher cell voltage of a
lithium cell, the designer can substantially increase the battery run time. Also, providing a
controller in each battery cell provides a much more effective control over every cell than
is presently available. The controller may monitor and control discharge conditions in
each primary electrochemical cell and can ensure that each cell is completely exhausted
before the electronic device shuts down. The controller may also monitor or control the
discharge cycle in each rechargeable electrochemical cell to ensure that the cell is
discharged to a level that will provide the longest possible service run time of the battery
and will improve the safety of the cell to prevent conditions such as memory effects, short
circuits or harmful deep discharges. The controller may also directly monitor and control
the charge cycle of each rechargeable electrochemical cell that is in a battery to prevent
conditions such as overcharging or short-circuiting to increase the cycle life and improve
the safety of the battery. The charge state of single cells can also be signaled to
consumers directly (visual, audio, vibration etc. indicators) or via 'smart' device interface.

The controllers also allow universal use of the batteries of the present invention.
The batteries of the present invention provide advantages over known batteries regardiess
of whether they are used with electric, electromechanical, or electronic devices that have a
cut-off voltage such as the ones listed above or with an electric device. In case of
electrical, electromechanical, and electronic devices or appliances the batteries of present
invention will maintain their peak performance until the very end of the batteries service
run time. Utilizing controller with the battery the tail of the actual voltage versus time
discharge curve could be profiled in such way so that it could emulate the typical
discharge profile ( without instantaneous end of service).

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

A preferred embodiment of the DC/DC converter is a high efficiency, ultra low
input voltage, and medium power converter that utilizes a pulse-width, or -phase shift



depicted in Figure |I5. DETAI LED DESCRI PTI ON OF THE | NVENTI ON T?g Rggg@@i
invention relates to single-cell and nultiple-cell batteries. The t i es
of the present invention can be either primary or rechargeable. The term
"primary" is used in this application and refer to a battery or an

el ectrochem cal cell that is intended to be discarded after its usable

el ectrical storage capacity has been depbeted (i.e.) it is not intended to
be recharged or otherw se reused). The terns "rechargeabl e" and "secondary"
are used interchangeably in this application and refer to a battery or an
el ect r ochemhgdulation) dnd piade skp lott ditgl eshtidd séieniecwhREIgewarebtdparsillan econtadlt er
its usable el ectrical storage capacity has been depleted (i.e., it is

i ntended t SSM% eused at | east once). The term "consumer" in this
application refers to a battery that is intended to be used in an

el ectroni ¢ or el GRES f IRV A SAPH RIS Pthe Pre AP HVEMich LOBSUABEY whRFedpBle™
single-cell"” refers 1o a battery having a single electrochemcal c
packaged i fielitha drseriptionsaf@preferrad embodime of the yryentéemandar d AA, AAA, C or D

type battery, or a single-cell in a nmultiple-cell battery (e.g., such as a

standard 9 volt battery or a o [ fel ephone or | aptop
conputer). The term"batl,?'li) RCRIEHON QF THE DRAWINGS,  refers to a
contai ner having termnals and a single electrochenucai cell, or a housing

that has term ngl,s..and at .least substantially contajns t or r

el ect rocheni cal ak&ﬁ‘l“? g’e(sg‘?%%’c,a“&"g?%? ?8"%% PB‘SFP!?P'Q} pSWQgﬁgpg%fy for a
cel lul ar t alistimbitneaioning tetsopjectangiter elray is rEparded es threqurbseni inséntoal Itss need not
be conpl et gl . . i i I i ndi virdual
cont ai per . e RATEEE A BULRS, Joie 3R 5 un ol GBI KhHE
nor e el ect ndtakemineeanjunetion with dle asgempaying dmwingsown i ndi vi dual cont ai ners
and are packaged together in a shrink-wap plastic material that holds the
i ndi vi dual contajners .together, but % not conpl etail)é encl ose the

i ndi vi dual cont AigHEd idR PEFREGNE Visw ol tyRical GYHNEMGas DALERTY STUFPEN, the term

"hybrid batteryFigireusia pempéstive vidheoftabtheb afpicil yylindfital dafesi siuictuee or nore
voltaic cells ofF.V\/ni ﬁh at Ieaslt .two_. of thtglse cel Ls .h?ve ﬁi f erentt vol taic
mechani sms such FEEITEHE BeitoRRlview aEYet apelBpripicaeyliofrcy Ratigry sfructure.

el ect r onechani cdliguretdds a bioch dilighdne pfabatedre of tledmeseat thvédtement pair of

el ectrodes or a i ffere Ci: t [N T j ' :
“"battery cell" i sél&ggﬂx l? ;a b(r?c%a':%erlg%%arxng‘r?gP%re?%?e\%o%rﬁbﬁd@h ?:nél%?@ éu%%&@%ogﬁhm
battery, i fdgurdidng el ectrochenmical cells. Al so, voltaic or electrovoltaic

cell is used 'ntﬁg&@amea%em%rﬂﬁ%%mﬁé prefehRH SnBBYiReRAbf tHRRGAAGYS TS  Of
generation gf el.ectricity including chemcal. In addition, a hybrid cell
may cont ai PNQWRR FI8HER 4-ener gy st orage el ements inproving cell vol tage and
current di schar gegreaGais adldcktdiupars of hetanothes prdérral embddimetafale bavtery hi gh
ef ficiency 'hnduc‘%gr o% | ow capacity secondary cell. The hybrid cell

el ements caf®pa! @ret repl ace inactive cell construction el enents such as
| abel , seal, holFiguretSéy isiarpattially ekplodét, eectionah view of r préferred embodimentiof at hi s
appl i cati on,k i it that accepts at |east one input signal and
provi des a{b :tgég({‘fq%%lgregﬁﬁgﬁ{é%éngnal that is a function of the input, signal.
The terns " DO DEigegad8 is arpartialy explodede pectipnal vigws OGQ@ahtrrrnr@ﬂeanéﬁg\ga@)wni n

this appli GFaltaieA St th€pREert hnvniod. t chi ng-type, i.e., a chopper-controlled
DCI DC converter)_.al sq khown as a C inverter, that conyerts an jnput DC
Vol Lage 1o a r elFIBIBACE aqar Y SydpiciyBeiSbrokive viesh Syt BRENET aroseet

el ectroni c embodimérs of Bbutterytof rthepresenthaventioagul at ed out put. The converter

may provide a st . . - - a
ogul at ed vol t addPaF S e RphANE vl Bariafl B GRHGH dtRfkfe) BB oL
convert er s multiplgetell batteryrofithe presentinventiphe present i nvention contenpl at es

t he use of knowng; : I BRest | ess
advant ageous, \é\ﬂl}g ti ;ﬁ%??ﬁgck%arér?ﬁgﬁé?%ﬁgﬁrre ﬂ%%r?@@?terJﬁ%f%ﬁﬁ?@ﬁ this
appl i cat i orPTeseat IN¥eRti0Mapabl e of operating at | ow voltage | evels bel ow where
typi cal el ectronfigurd@yis @®fockaliagdift B y& anothe? pleféred-embobimertt offacattery of
"cut-of fvol Bage" of. an_.el ectronic device is Phe vol t age bel ow whi ch an

el ectric or'"@PESEMIMEEUGRyi ce connected to a battery cannot operate. Thus,
the "cut-off voltage" is device dependent, i.e., the | evel depends on the
m ni mum operati ng vol tage of the device (the functional endpoint) or the
frequency of operation (e.g., nust be able to charge capacitor within a
given tine period). Mst electronic devices have a cut-off voltage in the
range fromabout | volt to about 1.2 volts, with sone of the electronic
devices having a cut-off voltage as |ow as about 0.9 volts. Electric

devi ces that have nmechani cal noving parts, such as electric clocks, notors
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an integer. If two or nore el ectrochemcal cells are connected in parallel
to power the electronic device, however) each cell is still "szubjﬁ% 2@ "
the full cut-off voltage of the device. Additionally, in this application
if two or nore electrochem cal cells are connected in series, and that
series connection is connected in parallel with one or nore other

el ectrochenical cells) each of the series-connected cells are "subject to"
the sane portion of the cut-off voltage as if el ectrochem cal cells
connected in series were only electrochem cal cells powering the device.

2 1 AUG 2002 to E)gerea&pedﬂodkfdxigammfesemér prefeeret ieatbodimén o1 banerytofiehe
"service rupn tinme" f. a battery For a primary battery, the "battery
service runprteFer?emvﬁhémt he "battery run tinme" are interchangeable and are
defined as the tFigereddA isteschiémsativatizgramyafione embpdiment oban aapectvafl theprefasfedt he
battery dr ombm&,gﬁyéfhﬁe%ﬁwp%?grgatr ng voltage of the device that the

battery i's poweri ng, of fvoltage of that device. Wiile the
"cell run time" Figueeeiibisdehock diegramins yel mh%@n@’qrre@pmb@dlmem akarraspect of |

exhausti ng Q,lel rét’@ﬁe@érﬁ%d’lﬂ%%}%aﬂ% 6Cig @ed he cell, the "battery run

time" is depende t up evi n el tronrc
devi ce having a @'@Preo]f()f‘s\?&ﬁtcg g{ﬁmgggg}tangn\;()p{efeqqﬁergb@ﬁxﬁ \Elqaft
down when th\e;imemehyexmuhput vol tage drops below 1 volt even t hough the

el ect rochem cal ave at ast S_ene fora
capacity remaini §urel ﬁ‘a%ﬁsblockfaar%?"é of 'hmﬁerboaffe"?%/ ermrffﬁd‘tmer?gpf %é%é"e’t/ gpg1
because it pramt}valermger provi de high enough vol tage to dri ve t he

el ectroni c devi ciognd 4196 LRkt g\érh%fg ﬁtetéﬁtf&tf] ent baftEly of UN
time," however) S not el apse ecau e C roc em cal” ener gy
remai ni ng. Werpsesaalrigeentica. battery, however) has nul ti pI e char ge/ di schar ge

cycles. In a recp Ebeﬁibrs% cQﬁernﬁﬁé(n of #Block ¥fd Es&Hehﬁtrc'd%g‘#ﬁh'oFﬁﬁotﬁ@r the
nurrber of char CB rge {;%c es tE&'tg can be achi eved.” The "battery run
time" of a P& gf@‘}t? L Pt £P3FenepEinge PIESeptBVENtioR of a singl e di scharge
cycl ef ]chntI : t he Bigt;pum i\t@@'iﬁ;ﬂh&)fﬁﬁschhge charbaedaiiuevdsdbi £ typicit baﬁerbgﬂad)wht he
cut-of f volta devi ¢ at .t at.tery,is powering or the discharge
is stopped ggllﬂgv'“ Brege gfi "2:?399 @qtaﬂFEeso‘?%P%B‘%%'W%W?l“the "battery
servi ce run ti meFigofe k5 nsec:hmbgteam ef dhlockry] sthematiediagrani of gettapothke t ot al

nunber of cmfwd%%gﬁi%ﬁp%/gﬁa bpth\e@{gggnﬁagﬂm%schar ge cycle has an

opti mumrun tinme a_rechargeabl e el ectrocheni cal
cell is the tinmeFiguEful& i@ blagk diggsam of pne embedimentediphehangs sulircantiatefeasdept h
under |oad gépsted mqqgu,q%r ng a si ngl e di scharge cycl e of that ceII As

di scussed above, _i he £ bf% e" Echar eabl e ﬁ%i E ct ion
of “the: depth of " FESnsF 56 taskddaram oans et of e out-onsol gt
dept h of di deficedn Figereddses, the battery run tine also increases, but the
cycle life and the battery service run tinme decrease. Conversely, as the
depth of discharge decreases, the batter run ti e aI so decreases, but the
cycle life and the bat DETAHKER : ‘ d W devi ce usage
poi nt of view, however, shorter battery run time is inconvenient. Thus, for
each particul ar eI ectrochem stry and design of a rechargeabl ¢ battery a
rati o between th&N@PESEM iRysnRILfeltesta singls-esliand W“il?‘@etcéﬁiﬁﬁe'lﬁit %Irﬁezed to
al l ow for abgterial of thedlrésefitineRlivh €4n bl€ither PHmafner reciss gdable. VIERE tem opt | m ze

th " t bl t f i

the cumi ot TEPeR ot SFRRRAGT P rerdly Eéb*%ssfrf’gre?rxetmﬁﬁma?%' SUERER, e
cycle |ife (ntended to beidiseardedfafiey b est)aleadtntamédtoaageacapamtyl hag lbeen dmé@erhﬁge
depth and t g %f%’t@hdéaftﬁ%@‘?f]&){r e@%?bﬁ{e?\g?b Fet{%@t?)e ﬂ{e tbnﬁ’ss"%e&%? @Ble" and 1 AUG

2p02 In this applicatio ernms "use | ectT ochem cal

cel | " or thasecondary" sepsed interchanggakly in this w@eatw@g@ﬂdp@gso dPaRMEORAR t he

el ect r ochentgakodh@mical §ellﬁth£tﬁ$ iﬁ?ern}de@fo B@fé&ﬂir@@@bﬂ I8ast ehbe afwdtsq@wresraahdart 0
the battery run tinme.in t usefulﬁgrfe {‘ tine {EI t he
Coll s o’ FiorRRS capY oS batn deplsres ibe il Greadebiafe wyedatieash iRes b

el ect r ochenteral "comsumet'ain thie applieatisn fefery tale batnary ghat ivintenged tobeluseden bine

devi ce t hat efeLtrérﬁc BP X@érhf ﬁewéet ;H}rgﬂaase ?t usedLl'JgI tcj] rﬂ?umérn '@'\est thl"g glglckll"bat tery

IS extended or tery run
time" are al'efcrsmeeégsatylhlaym@xtsuagueetbcmochmgd@@" paé@g@émd%edqnllmu@h asidonal |y,
the terns "battery run time" of a single-cell battery and "cell useful

|ife" are interchangeable in that if either the "battery run tinme" of the

single-cell battery or the "cell useful life" are extended or reduced, then
the other will also be respectively extended or reduced. In contrast,
however, the term"cell useful |ife" of a particular electrochem cal cell

|n a rrultrple ceII battery |s not necessarrly mterchangeable vvrth the term

T . o N o, . o o - "



2 1 AUG 2p02 12 "El ectronic connections" are considered in this application
to be a subset of "electrical connections” such that while every2{ Aug 2002
"el ectronic connection” is considered to be an electrlcal connéction, " not
every "electrical connection” is considered to be an "electronic
connection.” A battery of the present invention includes one or nore
controllers that extend the service run tgnme of the battery by optim zing
the energy recovery in the discharge cycle of a primary or rechargeabl e
battery and, in the case of a rechargeable battery, maxim zing the nunber

of dischar gﬁaﬁ‘dét;& B, AAACOSr wgg@ibaﬁa& & a Erﬁ@e&%ﬁﬁ-ﬁﬂﬁmlﬂb‘t’ &8dll &rt‘te

exanpl e, a controller | om n nctl ‘ons;

| ) di schar% e&msraeriard(%olbhaére@éoesmw for gellufag te) eqteyeebhmncomputer)

?I sconnect i me smhl"bamexga&e usdd mhltfm@tarftcraﬁun trl):fersaeoeard &ﬁxtzﬁ@ér&%lv%ng,terﬁﬁ@dlg@td a
rimar ce assSl ng, contro | oad. r uLre a a

cgr rent yt ha '"%9(8{&8‘(5% I'Ee %] & ad‘@f"f"t}%r%}‘gs @W@ﬁg t%“t(sﬂésgf/@ﬁnél ing

cel I renai néangainsyvas ot moaemieatmchemhl delly &. 8., afstandardi9walgbatteey grya battery for

El ectroch |

mul t1 pi e oot PayiF Feleont Sl atFoR BERAREY. heRlc-BinOAS R wBlbe 0 1re o

t he sane tygamplétely mtqscxtbnethedwusmg ifl eaclocell haslitscbovrt mwcﬂuahmreaxmrf fAer ent

types of el gatdhpcd saé batRh), Foi & ﬁ%ﬁ%ﬁ&t:} 4 or H&Ee érwt{dcﬂtrﬁmaedehs

battery of the pres | nvention nma ain ect roc em ca
el ectri cal |ghaararca réfatherr oy indiyiduabigqataingys agd afe parkaged dogtharin p SRS WED o

singl e-cel | lbsatctrﬁzwnmuatbemlrﬁ@trrdmatalr Yot @inBrR b @dihérbus fial @3t adtAplerlypar al | el

with the el ec hem Céc{ r ?‘ |de container of a cell, and packaged
i nsi de a ho eh'&fl' ua @a’ét‘ ‘HéP fhélqe@ ‘contai ns the container of the
cell, or attached to the container, the housing, or to a | abel or any other

structure af fi xe u ilC: a

mul 1 ple-col | batt 4FeA @Et*ﬁﬁﬁtﬂaﬁétgﬁéw?ﬁ TP paiEycRBhagA Bl

i ndi vi dual b%tensthascmasms o dr miordvolespesils of whichsit hagstetweedf thbset dells haveand/ or
may be pack i hat the
co%t r ol Fer ??%3%@% %gfe{;lgmgsgﬁ %g? g&?ﬁﬂd?&‘vd?fatf‘f\letl tmrﬁﬁ?eélé&&%m%%tl on of

el ect r ochentlegrongshpricalete. erondiffrens rele@rroae tedifferent pair ofiplegtiodewena difforeAt | on
may perfor Wél@é’tﬂ)tﬁé mrtee@tn ﬂhhea Pumfbm&% |“b§tté?9| caPOY GsedrdctefiR gerth A toer f orm
o' bat tory  orolRRcels BESdin'a vt iR SEOeRPRI B Te: ALK FORNEE! per T or s
a battery o i i perforns
each of theelelrﬂvro&dnchehqstusedumtemhanmyblyamt deseribextvaviods phystuabmecianisink ef s
that each éne%'tt'gh%'f'%lee{nc rr?clt?c{m% ﬁaﬁ' ir?ngtt?&Cta'hggﬁd cél[' n?a?'cgﬁh aﬂtn t he
subcontrol l2rs mnma Ct as sensin

provi de condddifiong mstmgf: lglements i 1mptmamg gﬂbvqtt@g@ iy eurrent dlsclzarac A u G 2002

13 Thr OUQhOéHaréc'E@ﬁSQEé‘mc'ﬂ% a sﬁﬁ‘&' dradtra EAMACHbIhigh eciehch WdRior SHa6W cpatetya
ures for conparabl e’ conpone

t t
T2 o ant i eadtag) ol oHie Bomaslfigieniagen be e BRI YT 6L RBsKygigne.
Fortexarrpl geilzmgmgatc&i ms'ﬁo?eléealeﬁ@u@?cegﬁhmﬁm Bicgs 1 3 is cogpar ed E)Ot? 10
cont ai ner i n Fi g . Figures 1- 10w t.ypi ca indric att er
Ctructures that  BreRersprol e M G ACT G hasiierit
cyl i ndri cal lebsitone input Gigailrand tpusvidésaas |dabsteoreasputatnal thar isatfunaionalf éheainpg

d i f " " d
arranged 1 ng %aﬁ ?B@Pém%mfbfd/%&rc%ba@é ahd ﬁ%tﬁ&ﬁ%g uEéB‘%n&?%ﬁ# ﬁutaﬂﬁéu €s

a cont ai ner et or
positive tectRR lﬁ%tromad rsﬁratcaa ﬁwtﬂam@m 1@, 3 GRONPET- ﬁ@lteplhé%mcwpmrnar 22.

The cont ai nggo Reoveas SETTAE ifiléHir ethad aﬁwéﬁmenwtabcc\@lthg@ﬂ) a FigliteEDE shows

a configuration t used for a c i cal c.gqr bon
B OO O vl TGUBE, Sy S arcpier St cire e s ok A" o
cap 16 is C&gdhtﬁdldtﬂptﬂﬂd‘ﬁe@bﬁ%eddﬁ@n@q&bvmve stdppéﬂ-ﬂplvol?igedévdl heest épapieti @down10.

(he ef et roviiheb BEVAFbe f fealfiea foltoaf BEpRYT Ine e RS ey Ryt b2 17 O
el ectri cal | PCAdGeooverterhareaxtleknwain inabeé aityvdhe rprmmtahvezooofcomthmpbmtthﬁ yse10

and the catpogdg, tfb%tvt:ht\!r?o?llﬁgz{r %.S to?asgjosggl@ t‘hhﬁ@”e X exte ell 30. The

bottomcap 18 Is SO entire uctiv

at
term nal 2zsttbﬁtlwnenbatrr@gre@eedmevmt desctbgd lif‘éhlélaéléltqape&maya@éﬁh@g?
the anode (oggaing/R 16WaLItagiRYel$Beloly Whke Bfpical Electh@it déliceihah opétateSepar at or
28 i s disposed between the anode 34 and cat hode 32 and provides the neans
for ion conduction through the electrolyte. A zinc-carbon battery, for
exanple, is typically packaged in this type of arrangenent. Figure 2 shows
an alternative battery design in which an insulating washer or seal 25 is
shown insulating the bottomcap 18 fromthe el ectrochem cal cell 30. In
thrs case, t he entrre top cap 16 is conductrve and forns the posrtrve

~ N Y b1 T . o - . o g o= T | T



30 is formed in a "spirally wound jelly roll"™ structure. In this f'?sdb%”tanz
four layers are di sposed adjacent each other in a "lam nate-type"
structure. This "lam nate-type" structure nmay) for exanple) contain the
followi ng order of |layers: a cathode layer 32, a 2 1 AUU ~~U2 n first
separator |ayer 28) an anode | ayer 34 and a second separator |ayer 28.
Alternatively, the second separator |ayer928 that is not disposed between
the cathode 32 and the anode 34 | ayers may be replaced by an insul ating

| ayer.. This "l am nate-type" structure is then rolled into a cylindrical
spirally wound jelly roll configuration and pI aced in the container 12 of
the battery 10. An ins tin her or i.s sho insul ating the top
cap 16 fromthe gp“ec‘fq‘ﬁ’éﬁ 81 °€@ elqu@mq ‘?th‘.‘t"n‘%”@é@gag O Yhighanielgstncy

16 is conduet elwmtuidé«iwmmhmecpasa batveey t&niat opdraid0This, the'cbﬁbﬁeblyagw;s The

oF Bct rochonfiffe depprdchRie) 4h8 IVRCdePehdsRnshE i bRt e iR oRRRs & e devics,
bottom cap (tBe fumkiical esdpnm;bocdmfmqu:ew offoperation keg.n eyt beable wranargal 22 of
the batt eryc?EP?OIhgm:RTM Féno% ERidst 81@{:&%%8?@9&%%‘39«3£9utt$lfv&&gg§534 of

the batter Vi a —con uct ottom epar ator [ayers 28 are

di sposed bethﬁéé‘ﬂgetfﬁen abeytolgeolt tyahouBd. Zams,t\héh saroief thapisetrauic davicgsrihavinge
the means fgiui @ﬂﬂvsmgt%%ms fabétﬁtughvéltte ElE&AE deVivdsahat Hie Mebitanial hoviflg | S

shown connected t h th ott.om ca . In this case,
Do o Bt st qhas Alabria St mordre and Hog sl THET S vE A cH- o e
a pol yrrFr ?d?]tmgeltm 1s/wédessahowememde ehgughl chitrehetongéite an el&ct@@ﬁigmtm field

mat eri a SUucC, as

| if.the sid I i S, ted f t th
post 11 ve ¢ onmaroull kfiekt deie-RahBe s, O BB sl R st "
create a shgereralyrdouiat hbes adevice tig-affwoltage iunab the vaitageofythe batterg pbaegrenbl e
bat tery and'PeargaipPany pRrerTy o o RIIME el “and i oket
nmetal hydrate (NiMH) batteries, for exanpl e) are often packaged in this

type of arrangerrmtsmgﬁaellac@tmﬁehﬁ&ecaﬁlslpsweﬁu aldeacd mxﬂgdaecutadffw&gé Qpés Of
safety vents rati g for .elec tr hem cal eé %\R;hqtfﬁ air
exchange foFle‘étb&SE‘[“fcﬁﬂ elld 90 19"t ?E‘éf ¥oltagg 0f the deyjeg in in't HERAUETE wel |
known in t hmusr grovide aﬁ@dtptult oattagehaatqegtesteﬁmantm eqomb th&dmmvblt@géteﬂthg

I
el l's, 1 at e g elite AR 0t b o Rt v ity B PlerdBTl o,
t he pur posesariesthvaveyer senpoweningthe deyic, he., blrttresly conadted heIWEerm\elposis'es a

single el eChmbBFféﬁfﬁaﬁladnd(‘tﬁé he%a%veﬂb%h?e?ﬁ R, '}?Eh %&thd’é%@%@l g %}%E}@ct%eﬁm”t S

necessary to'1 nsu eparator
and the el epeitionypf étecﬁuttq%@taseﬁ Berfienice.aF oretampl lfttM@rﬁ'QW@Cb@WF%ﬁ‘ﬁéﬁ? and

from any ot Bérnetle@ @t sepiband &l pdviring aidevide,néakh céll @"@vﬂi dct mtd:\errwf@lﬂdaet@u-
provide el ec out.si of the

bont ai ner. ﬁd&ﬁas%ﬁ’lﬁaﬁ¥ﬂf%°ﬂ“twfe Fﬁﬂ%ﬁ%@ S5 3te STk POIIRE SRAE e |
14, top 16 wasud tbpbtventheXevmpshoveeer,Eash elemeochema:aﬂceﬂegamly\)mbiem todromenal s
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Figures SA, SB and SC show partially exploded views of three enbodgqe¥8§2&b
the present invention for single-cell cylindrical primary batterie )
310) and 410. In Figure SA, the controller 240 is placed between the top
cap 216 and the insulating washer 224 21 AUu Ctiil2 16 of the battery 210
The positive output 242 of the controller 240 is electrically connected to
the positive termnal 220 of the batteryi1®10, which is directly adjacent to
the controller 240, and the negative output 244 of the controller 240 is

el ectrically connected to the negative termnal 222 of the battery 210. In
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washer 427 bpilepdyecéb@efPtaaebf bt &§ced | fromthe cathode 432. As shown
in Figure SC, the insulating washer may al so extend between the anode 434
and contact plate 431 because current collector 426 provides the connection
fromthe anode 434 to the contact plate 431. |If the controller 440 uses a
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2 1 AuG 2002 is Figure 4. In Figure 4A., the controller 140 is connected
bet ween the positive el ectrode (cathode) 132 of the el ectrochemcalg ﬁﬁbl
130 and the positive termnal 120 of the battery container 112. The
negative el ectrode (anode) 134 of the el ectrochem cal cell 130 and the
negative termnal 122 of the battery container 112 share a common ground
with the controller 140. Figure 4B, howeller, shows an alternative preferred
enbodi ment of the battery 110 of the present invention in which the
controeller 140 operates on a virtual ground and isolates the negative

el ectrode 134 of the electrochemcal cell 130 fromthe negative term nal

122 of th t NNl i ; d
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operating parameters el ectroc Ciﬂ Such as the celi
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and current, etc. Addrtr onal ly, the sensing circuit 105 rray neasure
operating para . rat ed control l.er, cir t, such t he
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sensi ng ci rdisgherge cysie ohhatesls uFhe seRycesptineef aorﬁcltﬁrgqahts%cgecbﬂreml 09’6
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e.art or hernte c ntroller
circuit 146‘°bg‘a&c%fa&t%rXpltﬂ?}a‘o?b?‘ﬁg %Y‘gts‘ghf argﬁ'@e"rﬂ} oft et ded not
per f or m eadithiofm ibheell, focédampie, hta?tdedxagé)mee:ell ‘hhe deovedse el rmber of:amdthb 40, for
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these. Alternatively, the controlléer circuit 140 may not have a sensing
circuit 109§ altgﬁéYE'F§charge sub-controller circuit 102, the charge
sub-controller circuit 104, and/or the energency sub- controller circuit 106
that are includ inas c enbodi " the controll er.. |rcw
contain thel rov s TSNS REGIC AN geHieREBeR: 2B Pt e r
respecti ve doupled!’ oefésfo. connecadds or cnuphegstthetrallohefodmmhmogsecwtdm flowt rldiel er
circuit 10 e, r g " t he
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circuit listed above along with other sub-controllers that perform
functions in addition to the those functions |isted above. The di scharge
sub-controller circuit 102 controls the discharge of the el ectrochem cal
cells} 130 of the battery 110 in order to provide a |onger service run tine
of the battery by providing a safe deep discharge to use nore of a primary
battery s stored energy or by optrnally usrng the stored energy of a
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the controller 140 would preferably include the discharge sub-controller
circuit 102, the energency sub-controller 106 and the sensing &l rAliGi pygd05.
The sensing circuit 105 2 1 AUG 2002 20 preferably continuously nonitors
the operating paraneters and the physical conditions of the el ectrochem cal
cell 130. The discharge sub-controller circuit 102 preferably provides a
saf er, deeper discharge of primary el ectridchem cal cells) 130 of the
battery 110 in order to provide a |longer service run tinme before the
battery is throwm away. The energency sub-controller circuit 106 preferably

di sconnect s "EReetrenie cbrhiretians arl consiliérsd irf thivapplicatidoattb ®ela JubkdtioTaklsct#idll, 122
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i nvention, however, does not require | ndependent circuif 1 nplenentations
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Further, a controller may have additional or alternative sub-controllers
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the functions listed above, and may also perform other functions in addition to the
functions listed above. A controller of a battery of the present invention may contain one
circuit that performs each of the desired functions, or may contain individual sub-
controllers that each perform one or more of the desired functions. In addition, the sub-
controllers may share circuitry such as sensing circuitry that may provide control signals
to the individual sub-controllers.



The di scharge sub-controller 102 may extend the service run tinme of a
primary or rechargeable battery of the present invention in oné10fUGs @4pr al
ways. First, in the case of a nmultiple-cell battery that contains at |east
one primary el ectrochem cal cell, or at |east one rechargeable cell that is
preferably conpletely discharged before being charged (e.g., a NCd cell is
preferably discharged up to about 100% but no nore), the sub-controller
may all ow one or nore of the electrochem cal cells) of the battery to be
nore deeply discharged by an el ectronic device than woul d be ot herw se
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Figures 5A, 5B and 5C show partially exploded views of three embodiments of the
present invention for single-cell cylindrical primary batteries 210, 310, and 410. In Figure
5A, the controller 240 is placed between the top cap 216 and the insulating washer 224
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aType of Cely.Nam-8fdr 340 is electrically connected to the cathode 332 of the electrochemical cell
330 via conductive strip 336. The negative input 348 of controller 340 is electrically
connected to the anode 334 of the electrochemical cell 330 via current collector 326,
which extends from bottom plate 319 into the anode 334 of the electrochemical cell 330.
In such cases, the current collector 326 and the negative input 348 of the controller 340
must be insulated from the negative terminal 322 of the container 312 and the negative
output 344 of the controller 340 if the controller 340 uses a virtual ground. Alternatively,
the controller 340 may be placed between the top cap 316 and the insulator 324, or
attached, affixed or joined to the outside of the container 312 or the label of the battery.
Separator 328 is disposed between the anode conduction through the electrolyte of the
electrochemical cell 330.
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electrochemical cell 130 to or disconnect the electrochemical cell 130 from the terminals
120 and 122 of the container 112, alter or stabilize the output voltage or the output
impedance of the cell 130 that is applied to the battery terminals 120 and 122. Figure 4A
shows one preferred embodiment of the battery 110 of the present invention shown in
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predeterm ned voltage in order to mnimze | osses associated w

converter. The same sub-controller can nonitor both the cell voltage and
the output load current and turn on the converter if either the cell

vol tage reaches the predeterm ned voltage |level or the |oad current reaches
a predetermned current level. Alternatively, the sub-controller may
nonitor both the cell voltage and the output |oad current and determne if
supplying the required |load current will drop the cell voltage bel ow a
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2 ~ Aus 200z 32 In order to increase the service run tinme of prinarﬁﬁwﬁ 2002
batteries or rechargeable batteries that have a relatively | ow opﬂ

di scharge depth, the discharge sub-controller can be designed to operate at
even | ower voltages as circuit manufacturing technol ogy advances. A

di scharge sub-controller, for exanple can be designed to operate at voltage
| evel s as |low as about 0.1 volts in a sillkon carbide ("Si C') enbodi nent,
about 0.34 volts in a galliumarsenide ("GaAs"} enbodi nent, and about 0.54
volts.in a conventional silicon-based enbodinment. In addition, as printing
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subcont r ol | @kcdBBY coffllePHEIVRF AN however, operate outside of that
range as wel I(.: Inc% ‘E)Hrjg?erred en%gge:ﬂﬁéarﬁ' of a discharge sub-controller 102
of the present invention designed for use with an el ectrochem cal cell 30

Z Ugh alst a rechar dgalpréfetred BinbodinRAt 6&d prifiaryibated JTORE pidbeny fivemim, Rdwakput
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3.0 or about 1.5 volts. In the case of an electrochem cal cell having a
nom nal vol tage of about 4.0 volts, the discharge sub-controller is
preferably able to operate in the range fromabout 2.0 volts to about 4.0
volts. The sub-controller nore preferably is capable of operating in a
vol tage range fromabout 0 8 volts to at |east about 4.0 volts. Mire
preferably, the sub-controller is capable of operating with an input
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2 1 AuG ~pp~ 3-1 the range from about 0.54 volts to about 3.4 volts, or
from about 0.54 volts to about 3.8 volts, or fromabout 0.7 volts 2&) Mo g0z
3.8 volts, etc. The batteries of the present invention also provide

di stinct advantages over typical batteries when used with electric devices
such as flashlights, etc. that do not have a cutoff voltage. Wth a typical
battery) as the battery is discharged, tie output voltage of the battery
decreases. Because the out put power of the electric device is directly
proportional to the voltage supplied by the battery, the output of the
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Figure 7 sf]xamnaedﬂrcmb?s:dalagﬂaﬁbmknmenn&hé)m.i ment of the present invention
in which the DO/ DC converter 750 of the discharge sub-controller 702 is
electrically, or preferably electronically, connected between the positive
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el ectrochem cal or the mnimumswtching voltage, Vfb, of the DC DC
converter 750 is Iower than the cut-off voltage of the electronic device
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DC/ DC converter 750 that operates in a continuous node may be a s%tf,a%gogvn
converter that lowers the cell voltage of the el ectrochem cal 0g2
an out put voltage of the container 712. In one enbodi nent of a d| schar ge
sub-controller 702 that includes a step down converter, the converter

| owers the voltage of a first type of electrochem cal cell 730 to an out put
vol tage of the container 712 that is abaut the nom nal voltage |evel of a
second type of electrochenmical cell so that the battery containing the
first .type of electrochem cal cell 730 is interchangeable with a battery
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vol t age dovvn to
provi des r Qi@HESharggable e!qetaroehf@maéaq“ léhépwhgtcetrafééromg%ff & deirs Waq%'i'q ne

cel 1) or ardchhrgeable bwttas} i9 Wéﬁrﬁg the serviRtrhR EivheldTahe re%hsfgsatv{l@wteyy may be
a

i nt er changeabl e 5 volt,.o vol t i es.

Add ¢ | onal HGETETRL N 5%&5@5%5‘9 Blovtafdo sisgbarde ey the SH- o UPRESs Al  de

t he sane hithat demiceent IeveI s as a 1.6 voltLiFeSz cell. Additionally, the
di scharge sub-controller 702 also optim zes the performance of an electric
device such as a flashlight that uses battery 710. Al though an electric
devi ce will not Isbis application éhextgrma["desprdiseherggerafers tagllewving herum oper ati ng

vol tage, t NG RRChahiERRE p{o Eém“%h@ea Ed&l@ﬁYBG‘%)ofstHShat@&cépB@ity ames' ty of
the flashlight bulb, w ecrg e, gsp gg ge Jdegr Thus, a
st abl e bat tegq‘ffwll@m&%}tcﬁ )i adgiglony Fb‘Wé‘ isHpstantiat discha %Fe\}‘? s 3 ‘FB‘I"?Pance to
remai n congefers toalietvirighthe leleotrochemicaf cdlltef; tbaé distlyarped tooattledsh20%enfitherated

f d \ | i | .
ot ansoo. ety tibg EledrochBficl A AR ertdlitniref s SRHEMO M pidoblidatian
nmore of mares dmbamgmgdhe elettranhemivelcetl beyorals! 40%h,sehiohy thay dead ¢ a w»hageh can

furth
e nRAEIPAL St e FRA PLATR Pl B4 SRS Sl o
("PM') pu|@éebmr@ma@wqmgtelwﬁttpap%sq,fh@ﬁtorw e%aaﬁ@pa@tshb@fpfee% VOB@%F to

control theewdor el dléttidakehiesl RblP dn%fps tch@v&l@ag\sqweqafha?fsqnsufﬁ@mftewheda given
enmbodi nent ?f t he onver er 750 of resent inhvention

pul se- wi dt HFISRERMCASVESS. TAHS & C%V@P%ng'@rpféﬁ"b%%?%‘fyﬁk’h ﬁ’r?(‘-,@eﬁa"
conbi nat i oralkdlinp gbls thanisdtapabieotidredteraharnatbup AD%edipdhasge trefala itise barery vitsch i s
described in detail below In a preferred enbodi nrent DC/ DC converter 750
for use in a battery of the present invention, the converter is controlled
by a pul se-wi dth nodulator to drive the DC/ DC converter 750. The

pul se-w dt h nodul ator generates a fixed frequency control signal in which
the duty cycle is varied. For exanple, the duty cycle may be zero when the
DC/ DC converter is off 100% when the converter |s operat| ng at fuII
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the output termnals of the container so that the internal |osse t he
DClI DC converter are incurred only when the DC/DC converter is neg sa'f' ”“Po
convert the cell voltage to a voltage necessary to drive the | oad. The

DC/ DC converter) for exanple) may be turned ,2 1 AUG 2d02 38 on only when
the cell voltage falls to a predeterm ned | evel below which the |oad can no
| onger operate. Alternatively) if the el @tronic device requires an input
voltage within a specific range such as 10% of the nom naI voItage of the
battery, for exanple, the converter controller may turn "on" the DC DC

converter VttrPanoFtep&f'értbrthé §ﬂﬁcdr§rdﬂ@$ SiodRieh Ia%éﬁﬁgeqe&er@m@atebmanwm the

converter "off' _when t tage 1s within the, desir

Figure 8, f&% eﬁé‘rr‘pmefe Efﬁ ’@@ﬁ@%’g trofler pisyides a discharge F?ﬁ“ ggfﬂt?f’e@?‘éd

bet ween t heabpas9% itk greatardhdnuboe@sthibeingiRé ndsepiefertbds of t he

el ectrochem cal cell 830 and the positive 820 and the negative 822

termnals of the container 812. The converter controller 852 is al so

el ectrically conTtecrtispdia@tsubepnﬁrcbit;rri@grnnayviecl%ea aomventey that venv@84 the eelit r odes

el ectroche A 8 al s of
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820 and 822lgps thecaniolles tostischarse the,eechyyggahle rtteasmr |qptimagdischasen usly
sanpl es, OIt hgdepuhdmt of/metcageffazndamttmgnem dévite larsme@mbadingent of eherprédelt
generated t.hre

Lf the. f th 812
72l <. bel ovPBObiPe R AR AEr s P URELEY oot FERal ot P A S By
t hreshol d V\adltagrge@,r theorunaxsepf the batheryc dvibar the celt voltageldreps 83 Re fevelrafshon”

t he D&/ DC
connect i ng SHSE R RE Yol Wndte S GR, tikchafy REGHHORNANy Glueit iRICdbd,
the out put it bPeRtAGI A SEErPingrip, srocelfvoitage tomiearias theaptputiefhe hattary dhay is

vol tage is it &P&dhtinﬂeE@Sn&@ﬂﬂ@%e@r&@ﬁhﬁllﬁé'bolft l@&leH sb\éBkJ g ¢nifimdnie
he hest ge of the class

el ectrochemcal cell 830 to t
of el ect rorﬁeewtréwotfé&emrrrevtﬁr eﬁa %r%lar Pérq/arr gptaee.dgﬁeéﬂstg dP%d e
Al ternati veteyhargdaelemwebmmcﬂcem r mhtxera baﬁawmynr@wiubmu@llyr dedighlthattisie

cell voltage e el ectrocghem ¢ 30..and. c tage to
Che t hr esnaeaits bt SpEedie 4 AT0FER (Magf fovs) B LRCRer BRI 4 BhipePpor
converter 8&idl. prdmde hbattery eapﬁblaofrbeutgangmedﬂeplybmdtmgyyl indepercienvefithe cell
control l er @%2, Pl.6fierably al so disconnects the el ectrochenical cell 830
fromthe out pu% term nal s 820 and 822 of the container 812 when the cell
vol tage reaches about the optinmal discharge depth of the electrochem cal

cel | 830. This phQNé 688 ot a HeXdHdEEN, meca&hlatgeesuefcohheuétaﬁéﬁhmuu@arthv ohltgach
di schar ge c cle h n o zed atte{X ruln rr(rie Qﬁ sergr ce run
O 0 kel o s o g St e ol st it Yoot B o
SUE contr o: prena@ﬁﬂmaharl@e@ﬂe bat®eryra¥he disChutge tdbecmttmtlenlm mihy bdmmiossctlhg_r ge
Su contro I | as
circuit 98OJO§I('%%% ri ca meggﬂﬁé %g‘ cgegrrgié% p# h%\? 0] g%rég?% 934 of
t he el ect r cpsimary oasecoadary baeryaddus, raeh)tboﬂlmttcnrrhwmg@f subs@ntroHer dﬂoméhatesf
controller Qgghle aﬁépérﬁtﬁrggdéttaﬂ%eﬁ gﬁg@zév;%' haf tl?é“{ixb ufatrextmnsmar Sdt{‘é%i 912.

The ground bjas circ rov atrve voltage | ey

Vnb, to t heVitkerexideshatery &ap ahrw&@rt bleawish XP&C twpmltasergﬁr%rr Szz of
the contai ﬁﬁinygéb&arc'El&l@ suﬂ%ﬁ;ﬂ’@@@ ﬂ;xéleth‘éﬁhila@ﬁi meatahedl detls.t Wolthic/cBNs

converter 980, fromithe c the.cell vaoltage
s the arishaed Sy Sler 12 i o vie Ao ot Biers s Barid R faptaind, 2
al | ows t he cpmmaytcell. PBCharge specantmllet nay absbfuse ivehtic eellst taghalgesedondantyi | t he
actual cell | tage | evel bel ow the m ni num f orward- bi as
vol t age nec%e!gglr@%'tggq&(ragﬁl()k@heeégound bias circuit 980. Thus, the converter
9S0 may nore efficiently draw a higher current |evel fromthe

el ectrochem cal R&jéfel3d eﬁbaﬁlrﬂehtswlﬂh@%ﬁgerﬁm\%nh&n Whe Eer/@h& 6§E‘?at6§bﬁly

vol tage of t roche drivin he canv SO. In a
preferred ewgﬁﬁgﬁﬁﬂtv‘ﬂfagﬁ SdP§éh§P§’ea er&set@amnr:@rvpts#gede@f S‘%? battery 910
of the pres@iodimaes)ith@mtdranilogessr tht e6hverhars minim2ed besatiidrha comvertenl

vol tage of about 1. S volts, the negatively biased voltage, Vnb) is
preferably in the range between about 0 volts and about | volt. Mre
preferably the negatively biased voltage, Vnb, is about O S volts, with 0.4
volts being the nost preferred. Therefore, the ground bias circuit 980
allows the converter to nore deeply discharge the el ectrochem cal cell 930
and |ncrease the effr cr ency of t he converter 980 in extractr ng the current
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In a preferred enbodi mrent of the present invention, the ground BQSA&quﬂlt
980 includes a charge punp circuit 986. The charge punp circuit 986 is
shown in Figure 9B and includes a clock generator 987, and one or nore
punps 988. In a preferred 2 ~ Auc 2aa2 ao enbodi nent of the charge punp
circuit 986 shown in Figure 9B) for exanple, the charge punp includes a
two-tiered configuration including four #ini-punps 989, and one nmmin punp
990. Any nunber of mni-punps 989, however, may be used. One preferred
enbodi-ment of charge punp circuit 986) for exanple, includes twelve

m ni - punps oﬁ&ﬁtﬁrdﬂlyowﬁemf&icasspmhe'lﬁieddﬂ&rmmqalumlxagéﬁgelaﬂﬁreﬁ’d’iﬁbl?’&i the paugp 990
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the indi ?n dumgeopteﬁu‘ablymi thage:sgecﬁom lABoutithe highesd sutP&Pvolbdgle dfshetlass olhl gher
current |ey current_ pr t we

Che mini pubigtietsdat WrlbhehE by safiendeigabbiAlo BB b5l ol i AT AF Che
DC/ DC conve&pltage, 9‘@®e amﬂeramyelrolh‘cmangerfsgmabom theehighestbutotP valfage ln€ theaidssiofier

912. 1n a fuGthehy @ﬁa%% 9& grg% ng&ﬁeo%&rﬁwﬁqmr@q mgglu%'tﬁﬁ%{ _ofpur ther

i ncl udes charge punp con urns on t Cgp
circuit 9880lxmamdnevqaemre\po¢fp@§b/ ldlﬂmﬁngﬂnffammbédtethehtﬁhﬁ%dUVOﬁwangel vel in

order to My aas%%fheaemoa%%ltﬁé 8 ief Ishnteh@edcday, Qﬁt@%oﬁtb@g'vbltsg ﬁs The
predeterm ed VO he charg elgﬁsnp contro , for exa

coul d be i attﬁet-?@ﬁfgﬁaser i awTpIey ke rAchemmicolatell g enee npﬁenaéwel&geeé heni cal
cell 930 tabadus vélesgdhealie s & ptedefetmined Uﬁ%ecﬁ intthe rhige bptwaden @bA 1Or®NI €
Vol tage i o Al Hsonl BNQS: Brsteanh s rgar EUGined BRERE S in e BUEHENEAR) ( age
of the el esbowrl. ¢ volts/indadbous t.b vabsuMade ﬂ&far@blysthgpwtemhawohm iciptthof f
vol tage bekﬂ%e%'@ﬁv&ﬁ%”og%@§%hft?9nd el '3 t\o‘e!F)(/en ant ngp circuit

986 could be“contr e Ssane cont ro at tur on the DC/ DC

converter Qmsle%mmatvqth@ ig inthgaangerhs t\mncﬁbpvt e(otsi)erdaal@et bﬂﬂgﬂtwmthe
gﬁg\r/e;t er @Rrahge Be1Geat htﬂiri]ht é Ioggxé%&wgm 12@08@%31 ¥ t@%)rf@ﬂié%r&l?lr‘re%ﬁgh@ggl
u Vi

cell are prefieg Qsﬁi of St ebvefct e O oA BT DB 5ol Bplase, st S Bhe
opthaI di deviaesofer déijthithe B'ittery&sllhmmsedﬂoeaptemélaﬂggahlrﬂostlpe&fémemh&mnb}al cel |
t e opti |

or 11l oncy Dt SBRLABE b AR Rl b it rggﬁeﬁv%?a{ﬁ‘fﬁ%@%”ﬁq% o8 o e
the groundabeus’. @ veley |hpwgm!, generally meay have p ptmtemmeda(p t@edgmi is lmecmng%

appl i ed tofloheatit DY vdlf%gatab&ﬁ 3 ﬁr@i’t{' qire@%lyofthé ,B}%déi@r%ﬁédﬁ@dua@é?s in the
preferably coll apses tq ?ﬁiegﬂ evel eCtrode 934 of

\Y
the el ect r SRBEHTEHRbRUL 22 E@G to aivelts. tM@rﬁPVGfﬁ‘i@ E%P‘E? ptemmipedso i s not
oper ati ng, vbnagdqatrtmeya?@emﬁ eboutfl cav@ltsaadaba 32 eulsl Emfm@urpaétmblypﬂﬁw ded

by th | |
v ernat s SBreterirRg oliage i wiraiebird Sttt P B2 3388 et o

Al ternativ
converter sange fasn ab&utk® Buitssto aboutvi0 tvelts being vt esemmerd preferied. T'he voleage

regul ator. ﬁf]‘g(i i rcuit
980 can be cowggﬂ?ﬁlga{epﬂ]apqrgg%ngyglh@eg?@gnver |fa§§gﬁ£ L&;&s@s gfg&ccﬁk Boost
converter, fof ¥ §h1martteablﬁvem®ﬂ to gperaterheyigibr mashpiefared. t hat will both
shift the positive output voltage up and shift the negative bias down.

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



Figure 10 shows yet another enbodi nent of a di scharge sub- controILEéUggmm
circuit 1002 of the present invention. In this enbodi nent, the

converter 10SO is capable of accepting a correction contr ol signal from an
external source such as the phase shift sensing circuit 1062. As descri bed
above with reference to Figure 7, the DC/ DC converter 1050 utilizes a
control schene such as a pulse-wi dth nodul ator to control the operating
paranmeters of the converter 1050. In this enbodi ment, the discharge
subcontrol ler circuit 1002 includes the sane el ements as the discharge
Sub- CONt I ObfeBfrodHehfill bolPRZoAIRNEd dlsdhbd'cberandithe LN VoliEEe bfHs tlRS dephase
shift sensing circu 9 at measur Rie i st ant aneqts phase t

bet ween thteVAbeawmsbwednvg thy lopd anilthe celbyaliage reaches) the prgawM eeezatensd t he

current bevoBagd'dhe Edreiedia thé &4k b0a REMasAdellcR] in tﬂ@é’a@emasmﬁge@mwm

current -sensi.,n con er |1 050 S S
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t (r)rb ggner at ma%rhhee anyt ynecyrahere offanudtibee beageros mlacmnhfs@'idnea sihi,tﬂa voltagehe
enmbodi nent _shown
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enmer gency soktagei drofsi®2he peedetermmled yoltagerieci,ad niave bonples icdatsolafchérhes such
current-se and to a negative termnal 1122 of the

el ectrochergnﬂcﬂeélqme?ﬁ#g%&%po@and further connected to the converter
controller 1152. The emergency circuit 1182 can signal to the converter

control ler 1152 4 ﬁlmoe§maﬁeytdt tmﬁewm méﬁlo%acmwdéﬁgl Rl 96r & Bveh buens
requiring di sconnect, of tplg el eCt‘iﬁIﬂ em.cal cells 3

O fromthe o
terminal s YOIt 15 Reefarably ablg o exiend big sgrvicsrug timeo tttf bAttrL phen pds pesdaBirer
an el ectri paeps devic? As Mtﬁﬂﬁﬂa}ﬁﬂlcﬁtﬁcﬁ@w@mv&sﬂewt&@y tsta bateeirychat ben bat t ery

1110, or the el ectr. chem 30 its in the event of
2 shorts i PSSP daRE oy, iliaké Bfitnepdrt ot BeER cfecyrblbAtinRBFT | b
convert er woltdic oéll eInysﬁ:al ro&chiapisihi s’ﬁmsrtdaebattdtyeoétheqircsentasvdm@ﬂ mpd:fe‘ratﬂﬂ of

th | ect .cal l

cont ai nor DEIB 8 exfifit ns SEotte b Mk 85 hELARAR B pdep Blhak ok it Sl
i ndi cat i onadevel greaten thapfor eneal 4 theheut vp}t@g@of)& gwmdwnmmrbchﬂebwlm sube| |
1130 t0 theofRAKRSHAT d6RRMIEh kS vathBE oPhe PR BlebiisehtlcarEnibpy olahe

internal i n chem ca For ex t he

di scharge i%ﬁp% P@Y‘I}b‘?‘e i‘gtb lef g3y eftqpéraéwté‘ﬂtenme%’atwbkem ni ng
capacity oi:lelthectehﬁ@il celbveps tmaits Glﬁximalldtsi:&ﬁgé dIlatlttB Achattepy efttht (prmmedBI evfel )
intermtte n n ec es.11 134 o
the el ect r St 8P BUREndR doRERRRE ! Ol RRER & itey R or 22 or
a short duchmromc\dh'eneathet haenmnnlanguteetﬁa@ita@ys mfaybhepeeiﬂ@atly designeddal cel |
1130 reachg r I audi bl e
or machi no P SAdp s S AT R prel i e AR pleb B XhE R o

Separ at el y)"°t‘?&€ ﬁrﬁéﬁ‘@f??ﬁé'?‘/lé?(ﬁ)cﬁpteqo%b? may al so be used to provide a
controller bypass node if a current sensing circuit 1183 indicates a steady

t rate hi th | | t hi t
aeTh e | ShSind RO e kbl dobri e R ook ity 2"
signal to cumiimetofa rechatgeable electrodterhitab celbynemimatly discharding thd 3éll iarideér134 of
bypassi ng T uciesseihefiBimber ori Sy S Ukafl oy, vfE Ml i8ad 30 Bl tor, 22
ener gency €kampleta deep dischargs ey damaigg thel cell and/neresdyer /e numbgoat ﬂweleffaenstmz
to di sconn%mtt.ttereata%g regeﬁmeetb-e&htout#%g{ffapmm tceﬁmmé%lstﬂa%ge amﬂ I

122 of the container to short out Rut term nal s

1122 to pr@e'étw af hepef geﬂ}fa'fgge@eeeetswf@mhft!hto thay the i'fe‘t?fg‘?@tﬁ%tﬁﬁgﬁﬁﬁ ng the
current of viichelie il oba @fvaﬂcﬁsacbrbdbt&ﬁﬁhdasvdlmgéﬂebél&hﬂI1§(Héafp@ﬁdtl dlscharge

el ectroche ], 113 ref.erre dIS nt.r ol 120 that
is shown i ﬁ‘egt%d‘a;@ Ltz'pf: HgP[@éEp?Eﬁ‘ eﬁ‘ng %&9 }% B@Rleonous
rectifier eRédotheaticalaell, foredxampld, ¢t |brydeta1nnmdvcﬁﬂage téweiomnmdaetrartgeé"rqmm tive
el ectrode i t r The
cwi tch of tjaﬁg’@td ﬁ}%ﬁoﬁgﬂfgg vY)fts ﬁt%%k O%Qts%emgbrﬁ{gg refel d Inlglktﬁru

addi ti onal Ma@2 mhsrugeablaglectr@cmmwémlbfor@emmplm tt@mr@stemmeﬂweltasqr Istéftl is

el ectrical jpafehahiel #6R r&b&i}e’ ® 981 iovbolie 38 vBlts [Weh 4R0eD 4uRI B3hgthembiodes
of the el ectrochem cal 1230 and the output termnals 1220 and 1222 of
the container. Additi onal I y, t he synchronous rectifier 1274 increases the
efficiency of the DC/ DC converter 12S0 by reducing the internal | osses. The
converter controller 1252 of this enbodinent also allows for additional
input signals for the control of the DC/DC converter 1250 For exanple) in
the enbodl ment. shown | n F| gure 12 the converter control I er I252 rmnl tors
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invention. They are given in this order to provide an orderly dersfrid‘mf’i 2[552
of different elenents that may be included in a discharge sub-con f‘
circuit in addition to the DC/ DC converter that is the central elenent of
the controller of the present invention. The order of presentation is not
meant to inply that the elenents introduced later in circuits conbining
multiple different elenents nust have al? the features described with
respect to the previous Figures in order to be within the scope of the
present invention. An energency circuit, a charge indicator circuit, a

phase sensipigfefrbd. CAitématiily, e dsclhReRab Bbasolieh frfayialsb dndithedischargs cyiehy be
ur es 11, wit hout converter

d th t
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to the ﬁmonverter 2 of the co

term t ai ne
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avai | abl e timchkmiiva serser.DC/ DC converter 13 50 and aI | ows the converter 13 50
to nore efficiently draw a higher current |level fromthe el ectrochem cal
cell 1330 than it would be able to with only the cell voltage driving the
converter. |n tHhihirdethectischerge sub-penteadiarmpy also stgptdowin the caleiltage ef er abl y
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If the battery is designed as a universal battery for a variety 2f 1 AUG 2002
el ectroni c devices, however) the predeterm ned voltage Vp3 is preferably
selected to be equal to or slightly greater than the highest cut-off
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2 1 AUG 2002 51 and oxygen concentration, tenperature, pressure) £4cAvuragl
provide the ability to further optim ze the charging conditions. Wen the
charge sub-controller circuit 1504 determ nes that the el ectrochem cal cell
has been fully charged, the charge sub-controller opens N channel MOSFET
MB. This disconnects the electrochem cal cell 1530 fromthe term nals 1520
and 1522 of the container 1512 and, thereéBy, fromthe external charging
source or circuit. Utilization of the internal inpedance to control of the
charging of the electrochem cal cell 1530 allows charge optim zati on based
upon the triiRiuhPdiidahapmcalerlls ir domnsanaeas pralidd the suéntinacesedrp e poedren cal
cel |l 1530. t%l%aci ng a charge subcontroller I 504 in each contai ner 1512
provi des no ntrol of the individual electrochem cal cells 1530 of
multiple single-cell batteries or of a nultiple-cell battery because the
sub-control | ers {ndi vi Y r i . Lo T, I'ls
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r egar dl ess meretdfsheaayermetioned cells asfpomensuppbkd.. This charge sub-control |l er
may al so charge nmultiple cells of a hybrid battery even when the cells have
di fferent nom nal voltages. Figure 16 shows one enbodi nent of a charge
sub-control | er chyreherithe disaharge sybyeontfallsnmay also geignd the sepce mn imgpf@er y of
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current, | shyd@d ahd@inkRficeN®! tage, Vs. The burst circuit 1678 preferably
includes a burst driver 1668 and a n-channel MOSFET M 1. The burst driver
1668 produces a high frequency control pulse signal, which drives the gate
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capacitor or even a "super/ultra-capacitor." Figure 13, for example, shows capacitor Cf

connected across the output terminals 1320 and 1322 of the container 1312.

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



shown in Figure 15 that allows an isolated charging of the el ect gcnﬁgl
cell 1530 wi thout any nechani cal contacts between the external rger
circuit and the battery 1510 of the present invention. tn this enbodlnent,
t he charge sub-controller circuit 1704 includes a coil that acts as the
secondary coil of a transfornmer to charge the el ectrochem cal cell 1530.
The external charge source includes a priomary coil of the transforner that
may be coupled in a wireless connection through the air to the secondary
coil of the charge sub-controller circuit 1704. A battery of the present
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VWhat is clai ery racterlzed inthat it conprises: (a) a
cont ai ner havi ng a positive termnal and a negative termnal; (b) a battery

cel | disposed Wﬁh'auﬁbréa%b f RS n@@c{bletz esdoffe?éctroa?e\ﬁhw RIPOSIA NG afbpCt T ode,
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coupl ed betrgfamte spontbatiefies cuRee® designeaifér particular devices such as cellular telephones,

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



cel I and said termnals of said container to form fromthe cell volta&e,
an out put voltage across the positive and negative term nals of 2:HAUG 20
container; and (d) a circuit responsive to a predeterm ned condition of
said battery, the circuit being operable to uncouple the output voltage of
the controller fromthe termnals of the container upon detection of said
predeterm ned condition. 2. The battery 3f Caim1 wherein said circuit is
part of the controller and is operable for uncoupling the output voltage of
the controller fromsaid positive and negative term nals of the container
upon det ectcoald abdo tsaisdd fritedringestneiih esuhdothérorEor 3xample, ibetet reclyargéabld ai m 1
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circuit is eqpéispllvauémds. monitoring the cell voltage and/or the cell

i nternal inpedance, the circuit

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.

The present invention also relates to standard consumer batteries such as AAA,
AA, C or D cells, and 9 volt batteries. In addition to primary batteries being
interchangeable with different types of primary or even rechargeable batteries, standard
primary or rechargeable batteries may be available for applications in which only custom-
designed batteries are presently available. Depending on their needs, for example,
consumers could purchase one or more standard primary or rechargeable batteries that
they could put directly into their laptop computers, camcorders, cellular telephones, and
other portable electronic equipment. As mentioned above, as the number of standard
batteries manufactured increased, the cost per unit would rapidly decrease, resulting in
much more affordable batteries that could ultimately replace specially designed
rechargeable batteries.



bei ng responsive to a predeterm ned condition including one of pheaAs®lA0?
vol t age droppi ng bel ow a predeterm ned voltage | evel and the cell internal
i npedance exceedi ng a predeterm ned i npedance, the circuit uncoupling the
out put voltage of the controller upon detection of the predeterm ned
condition to generally prevent an over-di scharge of the cell. 5. The
battery of any of Clains 1 - 4 wherein s®id circuit is operable for
nonitoring the cell voltage, the circuit being responsive to a
predeterm ned condition including the cell voltage exceeding a
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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 a
primary electrochemical cell or to optimally discharge a rechargeable electrochemical cell
down to a low optimal discharge depth. 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
of primary electrochemical cells without a controller.

In one silicon-based preferred embodiment, for example, the discharge sub-
controller 102 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. In a sub-controller designed for an electrochemical cell having a nominal
voltage of about 1.5 volts, the sub-controller is preferably capable of operating at an input
voltage at least as high as about 1.6 volts. More preferably, the discharge sub-controller
is capable of operating at an input voltage of at least as high as about 1.8 volts. Thus, a
preferred sub-controller should be able to operate in a voltage range from a minimum of
about 0.8 volts to at least 1.6 volts. The sub-controller may, and preferably does,
however, operate outside of that range as well.

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



responsive to a predeterm ned condition including the containerg?xd&&gg
concentration exceeding a hydrogen limt, the circuit uncoupling®th ﬁ%ut
vol tage of the controller upon detection of the predetermned condition.

The battery of any of Clains 1 - 7 wherein said circuit is operable for
nonitoring a tenperature within said container, the circuit being
responsive to a predeterni ned condition i3Acludi ng the container tenperature
exceeding a tenperature limt, the circuit uncoupling the output voltage of
the controller upon detection of the predeterm ned condition. 9. The
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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 102 of the present
invention designed for use with an electrochemical cell 30 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 volitage 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 preferred. The sub-controller may, and preferably does, however, operate
outside of that range as well.

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



and (ii) a battery cell disposed within said container, said cell h&Wutgs)
2 1 AUG 2002 s7 positive electrode, a negative electrode, and a cell

vol t age neasured across said positive and said negative el ectrodes of said
cell; (b) electrically coupling a controller between said el ectrodes of
said cell and said termnals of said container to form fromthe cell

vol tage, an out put voltage across the po3ttive and negative termnals of
the container; and (c) in response to detection of a predeterm ned
condition of the battery, uncoupling the output voltage of the controller
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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 voitage 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
electrochemical cell 30 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) and full functionality 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 as well as remaining capacity indicator. 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, vibrational, or device readable indication that the battery capacity is
running down. Additionally, the sub-controller could also artificially recreate conditions
of an accelerated battery discharge condition by decreasing the output voltage of the
battery at the end of the life of the battery. For example, the sub-controller could begin
ramping down the output voltage when the battery storage capacity is at about 5% of its
rated capacity. This could provide an indication to the user such as a decreasing volume
in a tape or compact disc player, or provide an indication to the device, which could warn
the user accordingly.

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

In one preferred embodiment of the present invention as shown in Figure 7, the
DC/DC converter 750 that operates in a continuous mode may be a step down converter
that lowers the cell voltage of the electrochemical cell 730 to an output voltage of the
container 712. In one embodiment of a discharge sub-controller 702 that includes a step
down converter, the converter lowers the voltage of a first type of electrochemical cell
730 to an output voltage of the container 712 that is about the nominal voltage level of a
second type of electrochemical cell so that the battery containing the first type of
electrochemical cell 730 is interchangeable with a battery containing the second type of
electrochemical cell. For example, an electrochemical cell having a higher nominal
voltage than a standard 1.5 volt cell could be used in combination with a step down
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embodiment allows for a greater degree of interchangeability between different types of

electrochemical cells than is otherwise possible without chemically altering the structure
of the electrochemical cell itself and diminishing the chemical energy storage of the cell.

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 primary or rechargeable lithium MnO2 has a
nominal voltage of about 3.0 volts and cannot normally be used interchangeably with a
standard AA alkaline battery that has about a 1.5 volt nominal voltage. A lithium ion cell
having a nominal voltage of about 4.0 volts also cannot normally be used interchangeably
with a standard NiCd battery that has a nominal voitage of about 1.4 volts. Battery
designers have, however, created new types of lithium batteries e.g., (LiFeS,) that have a
nominal voltage of about 1.6 volts in order to create a lithium battery that may be used
interchangeably with a standard AA alkaline battery, for example. Although this 1.6 volt
lithium battery still has the capability of delivering high current levels for uses such as
photographic flash loads, use of the 1.6 volt lithium electrochemical cell results in a
substantial chemical reduction in the chemical energy storage per lithium weight. The
present invention, however, provides the ability to use a high voltage primary or
rechargeable lithium electrochemical cell that has a nominal voltage of about 3.0 or about
4.0 volts and a controller to convert that nominal voltage down to about 1.5 volts or
about 1.4 volts. Thus, the battery provides roughly twice the chemical energy storage of
a 1.5 volt alkaline cell, or a 1.4 volt NiCd battery in a battery that is completely
interchangeable with any of those 1.5 volt or 1.4 volt batteries. Additionally, the lithium
battery of the present invention would provide the same high current levels as a 1.6
voltLiFeS, cell.

Additionally, the discharge sub-controller 702 also optimizes the performance of
an electric device such as a flashlight that uses battery 710. Although an electric device
will not shut off like an electronic device at a minimum operating voltage, the
performance of the electric device, such as the intensity of the flashlight bulb, will
decrease as the input voltage decreases. Thus, a stable battery 710 output voltage allows
the electric device performance to remain constant over the run time of the battery
without the device performance decreasing as the voltage of the electrochemical cell 730
decreases.
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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 ("PM"), pulse skip low duty control scheme, 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 can utilize multiple input signals such as the cell voltage, i.e., the voltage across the
positive 732 and the negative 734 electrodes of the electrochemical cell 730, and the
output current to generate the duty cycle. In this embodiment, the cell voltage and the
output current are monitored, and the DC/DC converter 750 generates a duty cycle that is
a function of those two parameters.

Figures 8-11 show block diagrams of additional embodiments of discharge sub-
controller circuits of the present invention. In each of these embodiments, the sub-
controller circuit includes at least two main components: (1) a DC/DC converter; and (2)
a converter controller that electrically, or preferably electronically, connects and
disconnects the DC/DC converter between the electrodes of the electrochemical cell and
the output terminals of the container so that the internal losses of the DC/DC converter
are incurred only when the DC/DC converter is necessary to convert the cell voltage to a
voltage necessary to drive the load. The DC/DC converter, for example, may be turned
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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 voitage
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.

In the case of a rechargeable battery, the converter controller 852 preferably also
disconnects the electrochemical cell 830 from the output terminals 820 and 822 of the
container 812 when the cell voltage reaches about the optimal discharge depth of the
electrochemical cell 830. This provides a maximum cycle life of the battery in which each
discharge cycle has an optimized battery run time. Thus, the service run time of the
battery may be increased.
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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 volitage 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
and S3 are open, and S2 and S4 are closed, the charge on capacitor Ca is inverted and
transferred to capacitor Cb, which provides an inverted output voltage from the cell
voltage of the electrochemical cell 930. Alternatively, the charge pump 988 shown in
Figure 9A may be replaced by any suitable charge pump circuit known in the art.

In a preferred embodiment of the present invention, the ground bias circuit 980
includes a charge pump circuit 986. The charge pump circuit 986 is shown in Figure 9B
and includes a clock generator 987, and one or more pumps 988. In a preferred
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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
that turns on the DC/DC converter 950 so that the charge pump circuit 986 operates only
when the converter 950 is operating.

In addition, both the DC/DC converter 950 and charge pump circuit 986 in a
battery having a rechargeable electrochemical cell are preferably turned off when the cell
voltage drops to about the optimal discharge depth. This allows the rechargeable
electrochemical cell to be optimally discharged in order to allow a maximum number of
and efficiency of charge cycles for that cell.
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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, between the AC components of the cell voltage at
electrode 1032 and the current being drawn from the electrochemical cell 1030 measured
across current-sensing resistor Rc. The DC/DC converter 1050 uses this signal in
combination with other internally or externally generated control signals to generate the
duty cycle.

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



UU& ()-x)]2|}}}}}}IbC F10% ()-s$-10% ()- 10Z 10Z 10Z7! 109%Z& ()2 1 AUG 200
62109%Z& ()- & 10%&Z& ()- }~!"#$3rdV7$- 10%4| & ()- 10 10 10! @@ ! 10%& () -9,
"109&' ()-3 10%&' ()-,9z 10%&' ()-36:ga?dV7! (!10%| 4| & ()-9! 3! 10%| 4| & ()- Y
109 & ()- !109%4& ()-f &L0%H & ()- 10%}| & () - & ~bCl 10% h& () - 9$10% h& () -
104

42

electronic device utilizing the battery 1110, or the electrochemical cell 1130 itself. For
example, in the event of a short-circuit or inverse polarity, the emergency 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 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. Separately, the emergency circuit 1182 may also be used
to provide a controller bypass mode if a current sensing circuit 1183 indicates a steady
current rate higher than the controller 1150 can sustain. If this current is within cell 1130
safety margins, the emergency circuit 1182 can sent a signal to converter controller 1152
to connect electrodes 1132 and 1134 of the electrochemical cell 1130 directly to output
terminals 1120 and 1122 bypassing the converter 1150. At the end of the discharge cycle,
the emergency 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
1274 increases the efficiency of the DC/DC converter 1250 by reducing the internal
losses. The converter controlier 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
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cell environment via sensors (not shown) 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 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 a
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
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
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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, or current sensor, which is a function of the
output current, operates as the second control signal. Finally, the signal V(psi) generated
by the phase linear controller 1371, which is linearly proportional to the phase shift
between the AC components of the cell voltage and the current being drawn from the
electrochemical cell 1330, is the third control signal. In particular, the V(psi) signal is
used to alter the duty cycle in response to the internal impedance changes over the battery
run time, which affects the efficiency of the converter and the battery run time. The pulse
modulator increases the duty cycle if the instantaneous and/or continuous amplitude of
Vs decreases, or if the voltage drop across the resistor Rs increases, and/or the
instantaneous and/or continuous amplitude of the V(psi) control signal increases. The
contribution of each variable is weighted according to an appropriate control algonthm.
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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 KHz, 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 VS, 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
for which that battery is designed. As shown in Figure 14, the battery B1 that does not
have a controller of the present invention will fail in an electronic device that has a cut-off
voltage Vc at time t1. The discharge sub-controller of the battery B2, however,
continuously boosts the output voltage of the battery to voltage level V2 throughout the
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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, V¢, 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
Ve being the most preferred.  When the cell voltage reaches the predetermined voltage
level Vp3, the converter of battery B3 begins to boost or stabilize the output voltage to a
level of Vc + V. The voltage level V is depicted in Figure 14 and represents the voltage
difference between the boosted output voltage of the battery B3 and the cut-off voltage
Vc. The voltage level V is preferably in the range from about 0 volts to about 0.4 volts,
with about 0.2 volts being more preferred. Battery B3 then continues to provide an
output until the cell voltage of the electrochemical cell falls to voltage level Vd, the
minimum operating voltage of the converter, the controller of battery B3 will shut down.
At this time, the battery output voltage drops to zero at time t3, ending the effective run
time of the battery B3. As shown in the graph of Figure 14, the effective run time
extension of the battery B3 over the battery B1 that does not have a converter of the
present invention is t3 - t1.

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

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
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Charge Sub-Controller

The charge sub-controller 104 may also extend the cycle life of a rechargeable
battery of the present invention. The sub-controller may extend the cycle life of the
battery by individually controlling the charge sequence 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 104 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 cell(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-controller may also prevent an overcharge by only
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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
cycle and optimizing the charge sequence during the charge cycle.

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 103
and/or feedback from its own internal sensing circuitry. For example, the charge sub-
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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 electrochemical cell. In addition, physical condition sensors such as hydrogen
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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. Ifthe 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 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, s, 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
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MOSFET M1. The test current, Is, flows through the MOSFET M|, and the phase linear
controller 1571 detects the phase shift angle ( ) between the test current, Is, and the test
voltage, Vs. The phase linear controller 1571 outputs the voltage control signal V(psi),
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 1530, to the charge
control state machine 1679. The charge control state machine 1694 uses this control
signal from the phase linear controller 1571 to control the AC charge signal profile.

When the electrochemical cell 1530 is fully charged, the pulse modulator 1576
disconnects MOSFET M3, which in turn disconnects the electrochemical cell 1530 from
the terminals 1520 and 1522 of the container 1512.

Figure 17 shows an alternative embodiment of the charge sub-controller circuit
shown in Figure 15 that allows an isolated charging of the electrochemical cell 1530
without any mechanical contacts between the external charger circuit and the battery 1510
of the present invention. In this embodiment, the charge sub-controller circuit 1704
includes a coil that acts as the secondary coil of a transformer to charge the
electrochemical cell 1530. The external charge source includes a primary coil of the
transformer that may be coupled in a wireless connection through the air to the secondary
coil of the charge sub-controller circuit 1704. A battery of the present invention, for
example, may contain a printed wire coil on the label of the battery 1510 or may be
contained within the container, 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 1777 in order to
optimize the charge cycle of the rechargeable electrochemical cell 1530. If the external
charger circuit operates at a frequency of about 50 KHz, the transformer would have a
sufficient range to allow charging of the electrochemical cell from about 1 to about 3
inches from the battery of the present invention, and would thus allow an in situ charging
of the electrochemical cell without removing the battery from the electric or electronic
device. This can provide a distinct benefit over batteries that must be removed from a
device. A battery in a surgically implanted device such as a pacemaker, for example, may
be charged without surgically removing the battery from the patient.
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Emergency Sub-Controller

The controller may also perform an emergency function that disconnects the
electrochemical cell from the terminals of the container of the battery in the event that one
or more safety-related conditions is detected and/or connects the electrochemical cell
directly to the output terminals bypassing the converter if the demanded current by the
load exceeds converter capabilities yet is within the operating current range for the
particular electrochemical cell. The controller may include an independent emergency
sub-controller that detects unsafe conditions such as a short-circuit, an inverse polarity,
overcharge, over-discharge, high temperature, pressure or hydrogen concentration and
electronically disconnects the electrochemical cell from the terminals of the battery.
Alternatively, the emergency 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.
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said positive and said negative electrodes of said cell;

(c) a controller electrically coupied between said electrodes of said
cell

and said terminals of said container to form, from the cell voltage, an output
voltage across the positive and negative terminals of the container; and

(d) a circuit responsive to a predetermined condition of said
battery, the circuit being operable to uncouple the output voltage of the
controller from

the terminals of the container upon detection of said predetermined condition.

2. The battery of Claim 1 wherein said circuit is part of the controller and
is operable for uncoupling the output voltage of the controller from said
positive and negative terminals of the container upon detection of said

predetermined condition.

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

inverse polarity condition based upon the current sensor, and uncoupling the
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being responsive to a predetermined condition including one of the cell
voltage dropping below a predetermined voltage level and the cell internal
impedance exceeding a predetermined impedance, the circuit uncoupling the

output voltage of the controller upon detection of the predetermined condition

to generally prevent an over-discharge of the cell.

5. The battery of any of Claims 1 - 4 wherein said circuit is operable for
monitoring the cell voltage, the circuit being responsive to a predetermined
condition including the cell voltage exceeding a predetermined voltage level,
the circuit uncoupling the output voltage of the controller upon detection of

the predetermined condition to generally prevent an over-charge of the cell.

6. The battery of any of Claims 1 - 5 wherein said circuit is operable for
monitoring the pressure within said container, the circuit being responsive to
a predetermined condition including the container pressure exceeding a
pressure limit, the circuit uncoupling the output voltage of the controller

upon detection of the predetermined condition.

7. The battery of any of Claims 1 - 6 wherein said circuit is operable for
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monitoring a hydrogen concentration within said container, the circuit being
responsive to a predetermined condition including the container hydrogen
concentration exceeding a hydrogen limit, the circuit uncoupling the output

voltage of the controlier upon detection of the predetermined condition.

8. The battery of any of Claims 1 - 7 wherein said circuit is operable for
monitoring a temperature within said container, the circuit being responsive
to a predetermined condition including the container temperature exceeding a
temperature limit, the circuit uncoupling the output voltage of the

controller upon detection of the predetermined condition.

9. The battery of any of Claims 1 - 8 wherein said predetermined condition
includes the condition wherein the current demand of a load attached to the
battery exceeds the capabilities of the controller, the circuit being further
operable, upon uncoupling the output voltage of the controller from the
terminals of the container, to couple the cell directly to said container

terminals to form the cell voltage at the container terminals.

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

(a) providing a battery including:

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

(ii) a battery cell disposed within said container, said cell having a
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positive electrode, a negative electrode, and a cell voltage measured across
said positive and said negative electrodes of said cell;

(b) electrically coupling a controller between said electrodes of said cell
and said terminals of said container to form, from the cell voltage, an output
voltage across the positive and negative terminals of the container; and

(c) in response to detection of a predetermined condition of the battery,
uncoupling the output voltage of the controller from the terminals of the

container.



