Bl POLAR OVERVOLTAGE BATTERY PULSER AND METHOD FI ELD OF | NVENTI ON The
present invention relates to a bipolar overvoltage battery pul ser and

met hod f owoincveesB8ng the cycle lifetime and capacity ofPCa/Hrati1®023250
BACKGROUND A rechargeable battery is an el ectrochem cal cell that stores
energy, delivering 5 that energy upon di scharge of current based upon the
demand of the electrical device. A rechargeable battery may be recharged by
forcing an electrical current through the battery in a direction opposite
to that of discharge. A comonly encountered problemw th
rechargeabl e batteries is a loss in the energy capacity of the battery over
subsequent recharging cycles resulting in a reduced 10 anount of tine of
battery usage until the next recharging cycle. For exanple, a loss in the
ability to retain full energy capacity of a battery may result after a
charging cycle follows a period of use when the battery does not becone
fully discharged. The loss in the ability to retain full energy capacity
may become exasperated when there are repeated cycles of shall ow

di scharging followed by a charging cycle. To reduce the 15extent of loss to
retain substantially full energy capacity of a battery further preventing a
rapid deterioration in avail able energy capacity after a charge cycle,

manuf acturers recomrend subjecting a rechargeable battery to a deep

di scharge pri oBIpPOLARCOVERVEOLTAGHBAITERY PULSER ARDEMETEIOBNY phenonena
that can contribute to this loss in ability of 20the battery to retain ful
charge capacity, it is known FHdtDORBYBENGI@Ni on in the ability of an
active constityent tq.becone r erated at any one t he anode
and cat hode. iyl Bisst BT OE O RS RFLBlesfer e OBy P B8 een Foport ed
that t hemeflR@l fonmictdasibapacdyicle fetihraddaapatithifadaitey. i s associated with a
progressive change in the nature of the active materials of the cathode and
t he anode, which also contributes to a reduction in life of the battery as
well as a loss in the ability oﬂiﬁﬁgxﬂg?pég§ to retain capacity. The
initial stat eAOxfec}tﬁﬂgea%'l'glgaQ‘féfy Bl doBhhichNRIGRARAES &féﬁéﬁ@@f;@eri porous 5
allowing a greater anount of” the active material to beco exposed to the
sur r dundihagemdrgye tpal disehaode dflvarieat based updisthe embaad péthe elevtiecaljdewcerul ti pl e

di scharge and re rge cycles, the rface strycture of t cat hode and

anode pr Sgrerskble s BF eshatel iy G 4 de o sgpagBreBRh MR al 1 ne
struct ur ggdr @t a AREMUIA dpPEsifUBtRdtlofAlchage contact of the active materi al
with the electrolyte solution of the battery. 10Attenpts in the prior art

to reduce thedecomihenlysntennterpdprablgm wtherephwegeablerkagteries is a loss in the

energy capacity of the battery over subsequent recharging cycles resulting in a reduced
10  amount of time of battery usage until the next recharging cycle. For example, a loss in
the ability to retain full energy capacity of a battery may result after a charging cycle
follows a period of use when the battery does not become fully discharged. The loss in
the ability to retain full energy capacity may become exasperated when there are
repeated cycles of shallow discharging followed by a charging cycle. To reduce the
15  extent of loss to retain substantially full energy capacity of a battery further preventing
a rapid deterioration in available energy capacity after a charge cycle, manufacturers
recommend subjecting a rechargeable battery to a deep discharge prior to recharging
the battery.
While there are many phenomena that can contribute to this loss in ability of
20 the battery to retain full charge capacity, it is known that a deterioration in the ability
of an active constituent to become regenerated at any one or both of the anode and

cathode may be a contributing factor. For example, it has been reported that the



to inproved battery charge cycles that include insuring the battery becones
deeply discharged prior to recharging the battery to a reconmended

oper at i ngwbevsal13s@@her battery chargers in the prior artcramrreiooizse
pattern of charge and, in sone cases, nmay include a slight discharge

e 2Eh f B eSO B OB AT e R BRI o P

i ncl udesn&tﬁ&&ﬁttﬁé)éaﬁvemtwlagoﬁtheeaﬂleasend hetanb@e: hdfigis ald® Bbhtiibhtes &egonds  of
char gi ng, mlliseconds of no charging, 5 mlli ‘seconds of di scharging, and

10 mlli sedgotmlndffe abthethattgiyrag wiellasloatin thaebibint efthe batteryde retainabi | i ty f or
t he batt t f 8 t
Pi 1(:a t min :%p\é 3’? di saI t(rl;asl esjgé%%ﬁﬂé‘ lgr?ac%asPrﬁgl:u}S'% tetge gathg%éaarmdeﬁ()dédsg l? ‘?56per iood to

a bats er xlldwing a@r@ﬁ&{eﬁ?ﬂidﬁnlﬂ ﬁﬁthé hﬁflgd: fgtesialitochiremy I&kp(bsetl hetheautretuydihgcones
fully charged. Pat. No. 5,777,453 to Irrana a re esen Eﬁcgven anot her

char ge séﬁm&eﬁt@?%@gyAﬁﬁ&%ﬁ%‘& é&ﬁ?smﬂ% EEF‘P Aefy appl i ed
to a bat I plred during

t he charE rlfygS s}%qsheﬁ\é%éejgn% egggﬁee ggggé\,glr?érrhet e rg%)stlfmf he battery to
retain fidcteasinghygdefinap bg |aggregartercrystdlhmq3§.tmcohesr (lpangdugecthesvaay satfgce

contribute to overall re nthel fe of. the battery. I.e., it is
known th&?m%\"tloggée 4CHVE matesis; I"V“&Vﬁ%F eFtI‘i‘elyY?efPi‘EW o $he RALETY, capacity is not

Fullyg i rrever aihiAndhdBiolft UHMIRIthyR SPehs ih A®altérdy 90t bédediRatdder y
resulting in an overall reduction in the |life of the battery. 30During a
char ge cyx:mroverdebaereemhambe@ctﬂs tlpatamcéed@mtsmrmgthﬁ bn@emé)gmmﬁeedqeprys to the
positive . plate ive i o the ne at e- des the
further flgﬁ}?@geéfprb‘fr ?5‘?? R ﬁlg%ﬁﬁgrtyetg a ri%(’%?rﬁgmgegtotpgxr‘v icvgken@ﬁlé har ged, an
i ncr easegattdip CRAPES ifl HePrioR Grt’cORLbI thd Pattdin d ch41gé 8AE 66l s6186 cadeqifigy of t he
battery to becone charged. Eventual I% upon conpl etion of chargr ng and
removal mchaw sbight disthasggesequgnce @y P@anﬁrharglaem kastert: ke anode and
cat hpde a & qgqual s the
r at e%ci)f )&‘a(}ﬁ er O%E\‘Iwe égﬁg%gawg%&f@é\%&g&g? ﬁlcg(f ?aﬁ%&)‘? The

equat i on&laofncBQlle‘si ropamablyrapplyéisen tegehye thqtuatliudes ]]QOOanﬂihsi‘deomdstqf 5represented
by equation 2, describe thte)%(';]herrmdyna Cc €eg éﬁ?“ um the stabl e state)
t hat devehwagegr%n%weqoeéfp ehargige: 3 ‘é?ﬁqn SP lﬁ%ha{ﬁ‘ g4 1% i o of the

density urs db Bfw@ha@%rhg Pﬁy%&u&%ﬁ@@h@ﬁ‘t’ of384s4hiaBility Rrthd BitRly ¥ to the

density o sane type ons present in the surface 'ayer of the

el ect rod&;ta@rfmldapharge cagaaity.ol.S. dPat. io. ﬁcﬁ%rﬁéiSetb Patcrhéreeraricdiscl¢dgse- Vne) , t hat
exi s en the_ el ectrochem cal sol n. and. t he el ect de and its
nut u K8 AUSHAreS o re % AP reﬁé@?'ﬂfg Ce!Ng pre ?‘F‘BP? @Pg hsen and

t{'el Eut V@&ﬁkncefﬁrtﬂ ReesnBRYSdcBhes FlyethargedP i BOP4L. Nerfk 297,4881d Inthnapsl New
or
represents even another charge sequencing strategy whereby voltage pulses are

periodically applied to a battery followed by a rest period when no voltage is applied
during the charging sequence.

25 Repeated losses in the ability of the battery to retain full charge capacity over
multiple charging cycles may also contribute to an overall reduction in the life of the
battery. l.e., it is known that a loss in the ability of the battery to retain capacity is not
fully irreversible and may be cumulative over the life of the battery resulting in an
overall reduction in the life of the battery.

30 During a charge cycle, the electrodes or plates attract ions—negative ions to
the positive plate and positive ions to the negate plate—which impedes the further
transfer of jons to the plates. As the battery becomes charged, an increased impedance
develops resulting in an increased resistance of the battery to become charged.

Eventually, upon completion of charging and removal of any overvoltage, an
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('"DDnme = e-(Vse -Vne T(1) where: q = charge of an el ectron, Coul onb
15k = Boltzmann constant, Joule/Kelvin T = absolute tenperature, Kelvin
Dsei pnme woabimsefzst he i onic density of the el ectrochenpcateps@mhwbtizen to the
ionic density of the surface |ayer at the electrode at equilibrium

(Vse - Vn|e di fference between el ectrochem.cal solution and
20el ect r 58 ﬂért‘“‘g ﬁqteﬁ‘?alPﬁﬁfth\‘?&P? € db(@%%f: &fﬁ‘ﬁf&'ﬁﬁﬁ‘?t"f% st‘t‘?#ej‘ Bstemis
stabl e, {ohe elewsdés%rqum% it ate6 YN feR of tHeSaRle U pRDF WnsaSSrdmh ansi tions do
not occur. At equilibrium the flux of any ionic species into the surface
| ayer at clepigodesectrode will be conpensat ed for by the flux of an equal
nunber of the sane loni ¢e C|es f a at .the el ectrode
into the 25el g@??%%%@ﬁ?(?aégg ﬁg@&ﬂ%b@ ’ %ﬁé\l T systens there
I S a 3 enepic¥nied by Rgigion X dtektmbeqm ihlehﬁodyﬂaﬁﬁ@é@mﬁaan (e GtableJsaares E.
Brady: Ceneral Chem stry-Principles and Structure, Jghn Wley & Sons, New

York. | fﬂb%hd‘é%@ﬂ%ﬁsllhgnél?ﬁ?fP‘FWl%SV@e’é}llgﬁWéﬁ therigtio of Herleasitbgf 1iOPr’f:)05| ng a
change i n’*ﬁlg%uﬁggél?&;&cﬁémﬁ l§cﬁ§t|1 ﬁft rave %Qﬁ@déﬂlﬁ oT‘{Heosaﬁl %lﬁ droni ¢
0 amcal sol*ttion to tonic

density t he ectroc ensi e surface
| ayer at 1dds¢)r@bmnh|thmlﬁ1rfmcé layehafihe elentrole, Dpeiw relytibh t(bthlelpmfmaaljl tion is

achi eved he re |on ting is defined as the . a nt of time needed for
t he syst gﬁgegqjlcgfd |s¢7e "al that eXistshetvesyhr Glecrashsmisal so u*i*ﬁ’é a’f“iﬂ%?xat ion tine

CONS{@Nt eledibearRNA AGLET AFRRAIRE of RAAGSHIS Do JBLL Bebfe b O0hRsiANSI ti es
Gerthsen and Helmut Vogel: Gerthsen Physics, 19 ed., Springer Verlag, Berlin and

New York.
DSe _ e'(Vse_Vme )*%T o
D =
me
(V -V__ | kT / *1n Se @
me
where:

q = charge of an electron, Coulomb
15 k = Boltzmann constant, Joule/Kelvin
T = absolute temperature, Kelvin
D;e/Dye = ratio of the ionic density of the electrochemical solution to the ionic
density of the surface layer at the electrode at equilibrium
(Vse — Vime) = potential difference between electrochemical solution and
20 electrode at equilibrium, volts
At equilibrium conditions, the system is stable, i.e., the formation, growth or
dissolution or phase transitions do not occur. At equilibrium, the flux of any ionic
species into the surface layer at the electrode will be compensated for by the flux of an
equal number of the same ionic species from the surface layer at the electrode into the

25  electrochemical solution.



versus tine, is defined by the specific dielectric constant divided by the
specific 10electrical conductivity, both of which are properties of the
el ect r ol Woeospizgdsgon. Favor abl e conditions for plpasapbeiansizse ons,
i.e., for ions fromthe electrolyte solution discharging on the surface of

t he el ectrode cur when the sol uti ' t ted..and th t
departs from it gﬁg%‘dliﬂf??bSrYFﬁSmSéE?{S:iIS(“I}%ﬁ@éf}%giggﬁéﬂ%%ﬁg?&ﬁeﬂﬁéﬂQfMth e'rsgz g(r:ncurs

when t hespotgntiadles ¥, BRfdyt [GenePlI € hemidthe—Plif&ibles e BirGatures 9dhH WaRy 151 s
greater than the equilibriumpotential Vne on the el ectrode, as represented
by equat BoPors3aNew(Xerk. [faregxistigy @juilibrium isphstnebedy for examplostsi indsinges f or
addressing,this supersaturatiq onditiaqn, e ssibibity | 0 i npose a
pot ent i afi%B?‘cheﬁléﬁgppeoé?nﬁgd%tat&}?ne[éﬁ%? $ §ﬁerrrllc){ﬁeera%’goafﬁ ff?e\/leontl)cr(!ielntél)s{)é of%{aem t he

pot ens i aklepfrodheMi@ll e6lutionl o whicadimkity bf ihd BuNige 1wdrlaé tHeltedqpotentilal of the
20el ectrochem cal solution . is maintained at its mui | i brium potential as

r epr esentkangsynebypew sauilibyiumogaditionys pghisved( e tejaxationstuneisdetised ween t he
potenti al_gf q iLdRri ' :

o eot r oats e AEpforEhe S8R ol B Al AR nBENIAR A A clarddie

el ect r ocTharaatatiou eimepainetant, athic cHaeterizes theabhegs mahtiovtional dengtiess

represented by 25equation (5). (Vrne.- Vm > 0(5). Anot her possibility
for addr P Fﬂé%§§‘beéirl§’a rsa?qlgﬁH@Eﬁ%ﬁqr%%taflggwefiw&? wc{%f? t he

el eCL(S OCBRE & co?lahé{h{i@['b?thw\ﬁﬂ&ﬂ & pYoperti@lofitRe Alb@RSVE fkiddre potenti al

of the electrochem cal “solution at equilibriumVse by  keeping the potenti al

on the el ect r fdeorsble canditipss fogphasedranaopstien tfomiony/frem thaglectrolyte

ci rcunst ances of the overyvoltage condition as represented i.n equation

(3 neNiien QPR s e HTES b IE dir s Spt YL PREPBRoRMG ¢ he

over vol t 3gRrsatidhtel and BtSIydRAELpaRs MRASHY Qfuiliturh B6ndl8Yh. aF bikafpin t he state
of stable thernodynam c equilibrium However, the nere fact that the system

i s super sepensastratioraerdurshehey e potentigleV «odi the tong de therpdgctioehanisal solytiagr eat e a
phas Fs tr ?sngsrieétiero {han ﬁl%tergl%{libntumhe Sgtential Ve on the electrode, as represented by
equation (3).
(Vs=Vme) >0 (3)
There are two possibilities for addressing this supersaturation condition. One
possibility is to impose a potential on the electrode Vi, that is more negative or less
than the potential of the electrode at equilibrium Vg while the potential of the
20  electrochemical solution is maintained at its equilibrium potential as represented by
equation (4).
(Vse=Vm) >0 4)
The difference between the potential of the electrode at equilibrium and the potential
of the electrode under the circumstances as described above is known as
electrochemical over-potential or the electrochemical overvoltage as represented by
25  equation (5).
(Vme— Vm) >0 6))
Another possibility for addressing the supersaturation condition is by imposing
on the electrochemical solution a potential V that is higher than the potential of the
electrochemical solution at equilibrium V. by keeping the potential on the electrode
Vm at its equilibrium potential V.. Thus, the circumstances of the overvoltage

30 condition as represented in equation (3).



5conditions increase the probability that a phase transition may occur.
See, e.g., Alexander Ml chev: Electrocrystallization-Fundanentals of

Nucl eat i owoaod/Ge@et h, Kl uwer Academ ¢ Publishers, New ¥omrkp2011/002250Mher e
remains a need in the art for an apparatus and nethod that operates to

reduce the lo f the ca ility.of the battery t tore er ver tinme
and i ncrease igf ﬁ‘@o S%P@FF’%F? ‘f’(én‘%tf’o’l ?F;SUBSES%EF 1‘%‘&?’36@" YFEY (g%ﬁ?’?yém%e

oper at i opasideYsd £ Méastifg fOatht G6Viatibn Bom tY SAtcBistdbiketheAfoB@ai¢el when the
battery is being charged. BRI EF SUMVARY The present invention relates

to devi cesyilibriumetioseyer dre mersrfacishaidhe systeny i swpptsptarateseantidc capaci ty of a
battery. \l\%!/r%&?a & ﬁ%&%sﬁcg)%l ggtr_lxrrl]el%ag)s%riglo Qetg!ﬁ Q%h%&%?{l%itio%. tﬁa elratile oovervol tage

battery ?) ser ues ‘o efinventiron malntain the capacity of
a bats er yordiorexh&roske thdprobatsitiet thiga phdse tahsitiie magiioceury .Sebe. gahe aspect, the
i nvention provides a biEﬁm ar overvol tage batter}/ pul ser that includes a

pul se gefdsxandsr Michevp dderitastystallietiopiviaindamentals i Nuglratign gnd Grewty i ve

pul sed Vgllﬁ €A cRe RSP IR WSS A ofR! t age driver that converts the positive
pul sed 20 voltage into a positive pul sed voltage waveform a negative

pul sed vol t ag@heleiremnint haked onthe lattfot freappagats arel pethed thay optrageto nt o a
negative pul sed vol tage vef or nd a pul sed voltage. distyr.ibutor that

mer ges tf?éiuﬁ%&etl?vé’fg]?ﬁ ?@V\%b ?%8%%5 gFtﬁfea‘_’rﬂTr@h‘év_ &5 anddngaf€ed vol t age
wavef@®r Mevarall 1880 et BaphARRINYAUE bR opBAtiohA FBIRIJf et BteRS S et he
termnals of a battery. 25I'n an enbodi nent of thé invention,” the pul se

gener at oevesfoutside thiepetiad wher thedbatiggeistbaingeshargedl ser is configured in a
m crocontroller. In another enbodi nent of the invention, the pul se

generator of the bipolar overv pul ser has a positive pul se
generator that generates the p?%‘%ﬁ?’sseﬁgﬁﬁg‘% vol tage and a negative pul se

gener at or t hatThgpreémtifFentibe réle@atd ¥d/iHslage thedtddsdgeinciensiyg theagyeleher
enbodi ment of the 30invention, the pulse &%nerator has an al ternating

i nverter _lige\mecwd\mmymf_taﬁ@ﬁsm sWithapdpiendng de he Paurdsbiathsorys a biradart age, the
al t e[yat h@&vblr'flﬁ’ rbtd&g% p\?/l‘c{)\%e} Ghd ﬂlettgd'hﬂ?&u%g f H{qu@%ﬁiﬁg éﬁdd?r\?tafﬁ%é @&bagﬁ% bpge into

a pass-throug ul's tage and an 1 nverte ol tage t he
pass-t hr abatterpuahd egteudd thageernatinghife afitbe bittdrie positi ve pul sed vol t age and

t he negative pul sed voltage while the inverted pulsed voltage is the other
one of e poli PRPEG BEAIHPRgE A & HBo REGHT Y Eeh bFSe PYbFT b,

includes a pulse generator that produces a positive pulsed voltage and a negative
pulsed voltage, a positive pulsed voltage driver that converts the positive pulsed

20  voltage into a positive pulsed voltage waveform, a negative pulsed voltage driver that
converts the negative pulsed voltage into a negative pulsed voltage waveform, and a
pulsed voltage distributor that merges the positive pulsed voltage waveform and the
negative pulsed voltage waveform into a pulsed voltage waveform that is applied
across the terminals of a battery.

25 In an embodiment of the invention, the pulse generator of the bipolar
overvoltage battery pulser is configured in a microcontroller. In another embodiment
of the invention, the pulse generator of the bipolar overvoltage battery pulser has a
positive pulse generator that generates the positive pulsed voltage and a negative pulse
generator that generates the negative pulsed voltage. In yet another embodiment of the

30 invention, the pulse generator has an alternating inverter switch wherein the pulse
generator generates a pulsed voltage, the alternating inverting switch alternately
processes the pulsed voltage into a pass-through pulsed voltage and an inverted pulsed

voltage, and the pass-through pulsed voltage is any one of the positive pulsed voltage
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In an enbodi ment of the invention, the positive pul sed voltage driver and

the negative pul sed voltage driver of the bipolar overvoltage battery

pul ser eawb 20a%13803% pul se shaper and a tini ng generat or polrareén/ovizso pul se

shaper and the timng generator are configured to convert a pul sed voltage

to a pul sed. voltage vef orm . RPursugnt . to certain enpodi nents of the
nvent | ofid e Goeftie RGP LeRe whits eretereA e e iaDs eGP o 1 11 e
anpl i fi efmetddsitiRe pulstd QoRitlesdd tNOhdpatCe palval wsltagand the negative pul sed

vol t age waveform res(gectl vely. In certain other enbodi nents of 10 the

i nvention, a Uoan emgbodimshi ¢ff the inveption.itkespasitéveuilsedvoltege dgeerviad dicor m
| nbodi.ment the inventdon.:t f th
bi ol ar  DRRR VG PrisSLv e AP EEbY BB pinl RENRRAad Bll-BIBUMALEREL L %0 s

defined pyls@sHapatiniion 66igg g@hdratorpolsdréin\tie pulbes shapeidridt thel €infing bensedloby at
| east one negative voltage pulse defined hy a trailing edge and a negative
or i nver Bggopligwed fapamveliderulssdrvoliasg to apylprdvolageHEusiRERt of t he

| nvention. ! NPl af b blfaif brlbBEin AR, mﬁi% apRSiRE VoRAY arffiffiOST 1 Ve

vol tage pul se an he rise tine o e trai ge of east one
negat i veanbd hagpeivp wbRagesanepl e lamipéifiss thegositive phbradvoltagetwavefan amd

electrolytic solution of the battery. Specgifically, he rjse tine of the

| eadi ng d@g%fh‘ﬁ’ H%%gr"loitég? VAEE BT‘n’_t’)fél%PeFﬁ‘ééi?"i *fgc%tfééoﬁﬂ?ﬁ&efﬁho ’5‘8@1’? %ne-third
of the raleanadntion, 4 Lotk e%Qiﬂi‘iﬁ%%ﬂn?liﬂesetﬁpﬁdlsé@%lﬁg@wév'éﬁ)rhﬂve”t' on, the
positive pulse anplitude of the at | east one positive voltage pul se and the

negati ve pul st anphboditentéf thhenventipmake pusesl yedigge wazelpontoddlee pipblee ar e

greater than vol tage of the bhatter for instance |.gast, about tw ce
Shetvel t it et et ey by e 18t EidanmRlentct3e PRSe oflethoticREREL, ¢
cycle fr >a;Qfsitwaq)umlaﬁﬁﬂita&v@nba@@by@mmromine%z&wervoltb%a pdsul se width
of the at |east one positive voltage pulse and a pulse width of the at

| east ondefinegdwia/eailing edgreandia regative eloinveriesd Pulss amplitidet Pasuanitoiisrent  of
the 14 Veg&%ﬁ&megf) M]thg: %eﬁﬂ%x?ﬁ{l%%ig% {i‘m?fof £ qef&iné\%@toﬂﬂ@aﬂ?& bhy€ vol tage

pul s€ an e pul se"w dt east one I'vé voltage pul se exceed
t he r el apaditivnvdliage puBe hnd draideameafrhd itaiting edbe bhitheianlkast oremegativee bi pol ar

overvol ta%lg battery pul ser additionally conprises ,con{r,ol I ?r and a
measur en¥pPHaggPVIsedre taeh Ieasdhan arclangtion Hmegi@n sectipbytisspubirg oI Bigr suant to

this e”bBQié}‘?.”'s%&ﬁﬁél ,{h@‘fﬁgttf'tngé;afghéf‘eaﬁﬁ’@teﬁgé&?d tHeQRBYn{d SiShauatiake of the

battery using the voltage o attery and activates the bipol a
over vol t edge thay beaoup ohe-¢hirdafsthd relpationltimest at e of the battery. In

di nent _of the i tion,..the bipol | at is f
feating a I elreaenibaRis® dihoiseHi. Hussth S Anmaideridnt fon. « ne
bi pol ar Queromeldodiise batta%%rmlmeme A®ative palse AinPRiude WP &R a{%][leala%ﬂeeri es

(i.e., non-lead acid batteries). 5In certain enbodinents of the invention,
t he bi pohegatiye @pliagetradse dregreatey than asealtage of the battery, for instance, at least

about twice the voltage of the battery.
In an embodiment of the invention, a pulse cycle frequency of the pulsed

25  voltage waveform is such that a pulse width of the at least one positive voltage pulse
and a pulse width of the at least one negative voltage pulse do not overlap. In another
embodiment of the invention, both the pulse width of the at least one positive voltage
pulse and the pulse width of the at least one negative voltage pulse exceed the
relaxation time.

30 In another embodiment of the invention, the bipolar overvoltage battery pulser
additionally comprises a controller and a measurement device that measures the
voltage of the battery. Pursuant to this embodiment of the invention, the controller
identifies a state of the battery using the voltage of the battery and activates the bipolar
overvoltage battery pulser based upon the state of the battery.
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of the invention is directly integrated within the battery. Anot her
aspect of the invention provides nethods for treating a battery. In an
enbodi menyo@bitB3gusgnventi on, the method for treating a patrimbyiiookades the
step of using a bipolar overvoltage battery pulser of the invention to

I ncrease a cygle lifet.ine f.the.batiery and an ability of .the battery to
retai n capaci t9an em{""}m’leﬂt %‘Oetge HRGhHes- téﬁ%aﬁfr@ﬁ?WB a&eﬁ’é‘“%ﬁ'v‘élﬁ?ri on, a me%lhod

for treatrtfithed RAMAEH bhiter)! 1PARStREN @SbOMIhBNRATR: AALARILY 1Rfbipdigr Pl ural ity of
batteries having a bipolar overvoltage battery pul ser of the invention,

i ncl udesovdreoligebatiéryquitier olayitregt ethehtypes efftmttorieso(igr, novdeadaicidige battery
pul sers Eé{geh. that not nore than one of the bipolar overvoltage 15battery
pul ses i D F%‘/i ng an overvoltage at any one tine. I n an enbodi ment

of the invent (Pgertatn abbdithehBloftthemiveitibnd tHedip&aYo RV iiaks Bsttérp puiseeps of
providing a positive pul sed voltage waveform having a single positive pul se

and a ne@bthevrvestips escHitestly snjegratedsridimiaRaties-a si ngl e negative or inverted
pul se, and appl yj L1 . . egative
ol sed 20vor ¢ gStiRatett il by KRuMbROtel Bl PNELAE KeaRthy 16 4051 |

Pur suant embodihicat efthe dhivertidn,ahe triechddrfoetredting,a bduerynmtclides thersteprofat i ng t he

battery magy further conprise the step of nerging the positive. pul sed
vol t age WiD&RSmalannyeriodagbatiery Bulsen %féfae PyFRUQIetoAYErS ARYSEr HFRMEp | vi ng

the YV ebpThaAt 45 ah b ITLRCQNotRaRiay. |0 anot her embodl rent of

the 1nvention, the single positive pulse is defi'ned by 25a | eadi ng edge and
a positive pulmsgetanpthet edbodiment dftthe égantion aonethod fortteedtipg h phuralstydéf i ned by

atraili edge .and negat i.ye pul litude..ln certfain enmpodi ments of
The. | nveReieaies wfhegh betiers of i HiraPl. B Wryeritigievinge B5plEaVerRBags " ne
traili ngbﬁé&f Rﬁfs@r SR idveAGor, hifdludesitRd S¥RbF QntlolIRy Qkh 3PtRIKedIae! Yti c
sol ution of e battery. In an enbodi nent of the invention, a nethod

conpr i segvartieltagedptenyfpubteotiinsh tleat 3ohmpesiban pae plithe bipolasiavapeliag’l a negati ve
pul s vol t age,, converting the MYRY ul voltage to a positive pul sed
vol tgge &%&/eé? 8?1%6%1153@ ‘P(é“ eg%‘fef\\eog%ﬁéfns% Q/nc?lﬁf%gege to a negative pul sed

vol t age wavef of o emiBodiinegt dfhlie PO&htibi,& Aethee thritdating e baastelfcompriserd t he
negati ve pul sed voltage waveforminto a pul sed vol tage waveform and
appl yi ngtheritens of peayidiag apgaitive puksed wolfageywyefamhayiiesa gngls pesitiver y .

pulse and a negative pulsed voltage waveform having a single negative or inverted
pulse, and applying the positive pulsed voltage waveform and the negative pulsed
20  voltage waveform alternately across the terminals of a battery. Pursuant to this
embodiment of the invention, the method for treating the battery may further comprise
the step of merging the positive pulsed voltage waveform and the negative pulsed
voltage waveform before applying the waveforms across the terminals of the battery.
In another embodiment of the invention, the single positive pulse is defined by
25 aleading edge and a positive pulse amplitude and the negative or inverted pulse is
defined by a trailing edge and a negative pulse amplitude. In certain embodiments of
the invention, a rise time of the leading edge and a rise time of the trailing edge are
each less than a relaxation time of an electrolytic solution of the battery.
In an embodiment of the invention, a method comprises the steps of producing
30 apositive pulsed voltage and a negative pulsed voltage, converting the positive pulsed
voltage to a positive pulsed voltage waveform and the negative pulsed voltage to a
negative pulsed voltage waveform, merging the positive pulsed voltage waveform and
the negative pulsed voltage waveform into a pulsed voltage waveform, and applying

the pulsed voltage waveform across terminals of a battery.
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I n anot her enbodi nent of the invention, the nethod may additionally include
the step of anplifying the positive pul sed voltage waveform and t he

negat i ve woleadizs@kt age waveform or, in another enbodi wemterediob2s0
invention, anmplifying the pul sed voltage waveform that includes the nmerged

ositive pul sed volta veform and the negat | ve |.sed voltage
\R/avef orm 1o al}%hq{é’%l%gﬁ‘ﬁggerﬂﬁ?‘gw&f g‘f’ﬁ’égﬁﬁ’d/@ﬁi' igg?]f,no{lﬂé' ‘BF@gEci ng step
of the &gmy' : WU { JRaET0S and
pr ocess?ﬁfgeal?%e pul slief?iﬁ\%g}%%? al tl%?ln\gftgﬁ:v%nﬁaﬂ&'t g ﬁt?%efj%ﬂgegul sed

into a pass-t
vol t age wuolthgarwavefoem, ed ipahathet arobadament mivantidne apabi§ringtheuyisedul sed

vol tage i s, any one of . the sitive pulsed.valtage and the .10ne ive pul sed
Vol t age, “EHERERfortuneUReBARULE MR PRl EE e R B9 Sefldie REP FREinsoS, Five
pul segl vatdaage paRed Veageagaieform. pul sed vol t age. In certain

enbodi nents of the invention, the converting step of the nethod conprises

the steps of &hegstaimemhedipsaistafvke inyeation, thel Rraducingstep Abthgargthod/e pul sed

vol t age i i Lt ti

ool sed-vEFTBIES Eond It nBalieh blikEq BUkaEiant Brdciting IRAIAALORAEIR. T

vol tage sllnalﬁpa_el@zn dut@a@hgt-mwghipmlse?fvogh@ z::iﬂgmtihvqu::ﬁlﬁsed vwghg?g\&xeﬁdimpe
respectively into the positive, pul sed val tage wavef orm and the negative
pul ged v&%é@%t%‘\‘@l&l%d voltage ls&lﬁé’lﬂeggﬁﬁdiog“‘é’ﬁ@“ggﬁggé]t%rﬁ@ e 1 gbecome

appajent i t : i i is t i i i th
PPAf@Nt nUDERe Pﬁ&b@%l@ig%h%ﬁlz%glﬂ\%%ﬂ%uﬂgéﬁgl'ta;g%',@ifhg @k&%nbgfmo@ﬂfvtﬁ' on the

acconpanyihg draw ngs. I nvention, thou poi nted out” w

parti cul puls¢d/vdltage lhad dppegdid pllsidmltaBll EF DESCRI PTI ON OF THE SEVERAL
VIEWS OF THE W INGS . Havi ng. t hus described the inyention.in general
terms, referertETT FmHBWBtSrPéjdgque‘?tH@’ _ﬁlﬁcc(?ﬁﬁﬁ‘%ﬁg ﬁﬁptﬂl} i‘%ﬁ ‘Hﬁ@‘f’dwhi ch are
not necegsapidel ki QUL JrRhaSIAL the FORAIVERIRH NoltdFdrd thé hégative haRBd cal

representation conparing an exenpl a;a/ overvol tage pul sing cycle inposed
across t Meltagsrraspeelielyintaalpasitive pulsed uolirge shanscandia negatiee prlsssevaltagavent i on

to t ratio aof..ionic densities.dn an.electrq 1 gal e oo FIG 2 10s
2ol bk Seeg afiinfie TRl B GR N Gtps Al » dititmsiopage
battery pfihskegativetgusedoORESY shapy Bs3be@ivelydatd the pdéitive pulséd adlegean

el ectrical circuit diagramrepresenting an enbodi nent of a mcrocontroller
of a bi puesefornand thenggativapylagd voliage daveformhe present invention;

Other aspects and embodiments will become apparent upon review of the
following description taken in conjunction the accompanying drawings. The

20  invention, though, is pointed out with particularity by the appended claims.

BRIEF DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS
Having thus described the invention in general terms, reference will now be
made to the accompanying drawings, which are not necessarily drawn to scale, and
wherein:

25 FIG. lis a graphical representation comparing an exemplary overvoltage
pulsing cycle imposed across the terminals of a battery in accordance with the present
invention to the ratio of ionic densities in an electrochemical cell;

FIG. 2 is a block diagram illustrating an embodiment of the bipolar overvoltage
battery pulser of the present invention;

30 FIG. 3A illustrates an electrical circuit diagram representing an embodiment of
a microcontroller of a bipolar overvoltage battery pulser of the present invention;

FIG. 3B illustrates an electrical circuit diagram representing an embodiment of

a voltage driver of a bipolar overvoltage battery pulser of the present invention;



FIG 3B illustrates an electrical circuit diagramrepresenting an
enbodi nent of a voltage driver of a bipolar overvoltage battery pul ser of

t he presewd 201yB8is80N; FIG 3C illustrates an elpegtere@@loon2ss Ccui t
di agram representing an enbodi mrent of a voltage anplifier and a pul sed

vol tage distribuytor.of a bipo|ar. overvol fage battery. pul ser, gf the_present
vention: | FIO: Rejifusude o plpeticd] G iaitamppesimoB o grbod e ah
repreSen_ﬁ'vBEa%’é_'hrﬁﬂﬁR‘i“aH&ﬁ_tpu&Ed561_t£§e&9§tﬁbut%¥6fé(91 a8 vBRbLItBsYbatehser of the
present invention conprising a mcrocontroller, a voltage driver, and a

vol t age nwisér dfithe present inveRfi®; 4 is a perspective view of an enbodi nent

showi ng. 2 bf DT 9ROl 39S BRI fe R Fople S PSR S E O

integrated w S a iagram i us rating

an enpodh bRidlar@veidBtaidivarery pillséreof thdprséfd iblention cénipAsingapol ar overvol t age
battery pulsers integrated wth a correspondi ng nunber of batteries;
FIG 6 iBigrogenipsicsal vaoliage deeer: and sroliagsimplifiche tine to discharge for a

battery that r ding: i i nvention
versus. t he t 1 B0y 5 RrREETS FLw AR Rk e Ao R BRRL o v T ected:
and 15FI battefy ipalser ofithp bresant inetion émeatatedrwidi a blteerglj scharge ti nes versus

t he nunber of charge/di scharge cycles for batter hat has been processed
according to & ge{Tﬁd’dﬁP@lh@‘aS‘fan% SHANEAD %ﬁb%’gﬁ‘?ﬁ‘étr(gdf’? BVEROTRAYEME? ge ti nes
vers t ; ' ki ; not
been' 2o P Eipe O R AT e B R iRt g g T

i nvent i onf bastermeé;l | be described nore fully hereinafter with reference to
t he acconpanyi raw ngs, ,in which. so .but not all enbodi nents of the
nvent s ont. ar E1Qrbint EaRaee e Peis e be e di R ob TRy Rhe

descri beghat RaY bdeRiptodessc@nictSHAinFRY anREMIMRRent BE tHRITROGHIRE versusBiwtige f f er ent
forms and should not be construed as limted to the enbodi nents set forth

herei n. Radiseharge for o dapgydhasdub nehesnge eronesseddadl so that this disclosure

vehtion to tRosbRAd PR repreRAtth e ucha bR OGSERRERRLAOT o

not to behdrpé/aisplifpedydies fany buastyabat/hasrbédnngrotdssed aveerdingto.anl i ke nunbers
refer to |ike elenments throughout. As used in the specification and in the
appended epadiment phide dnvegtipn compansd to the disphargs timegygrsus thenymbarefie pl ur al

ref erent §p HBLARSHADE AR RKL bGhEPhat Hab HbORLA S0 BldEENMESE-

DETAILED DESCRIPTION OF THE INVENTION
20 The present invention now will be described more fully hereinafter with
reference to the accompanying drawings, in which some, but not all embodiments of
the inventions are shown. Preferred embodiments of the invention may be described,
but this invention may, however, be embodied in many different forms and should not
be construed as limited to the embodiments set forth herein. Rather, these
25  embodiments are provided so that this disclosure will be thorough and complete, and
will fully convey the scope of the invention to those skilled in the art. The
embodiments of the invention are not to be interpreted in any way as limiting the
invention. Like numbers refer to like elements throughout.
As used in the specification and in the appended claims, the singular forms “a”,
30 “an”, and “the” include plural referents unless the context clearly indicates otherwise.
For example, reference to “a battery” includes a plurality of such batteries.
It will be understood that relative terms, such as “preceding” or “followed by”

or the like, may be used herein to describe one element’s relationship to another
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For exanple, reference to "a battery” includes a plurality of such

batteries. It will be understood that relative terns, such as "precedi ng"
or "foll omedohyi3sms the |ike, may be used herein to desecriPoneorstenent' s
rel ationship to another elenment as illustrated in the Figures. It will be

understoad that .relative terns are i nded to enc ss . different

ori ent at %8%“5?5 ‘[lﬁgraé‘?de‘ﬁéh? Elguﬁesaﬁﬁwm E%u? 5t tﬂ%fﬁﬂafrgﬂ%gf 'GHSFC el enent s as
i | [ ustr alieshded té Bifcolipaby @Sferdnk okibhthtibies sMBleslsinend ih Baditisnedthker ms can be
used to describe the relative positions of the elenent or elenents of the

5i nvent i ercraipraefeclerents as Blugleaied imtheddgurpe 1 wil brunderatapd yhat ferbcat es
ot her W sg hrr_llts %arp fe L&eﬁ‘t& 18 ribe the re%a'%fvgg)gkl%% Sf tﬂg efetlfe.npfneélgmem:s %\f%t lon are
descri bed Rera RS Wt h reterence 10 varr ous perspectives, i ncluding

per spect inventioreail drbabt iateaded; halet e doapixe slemi @ indidatesasthérdészl tozted
enbodi nents of the present invention. As a person having ordinary skill in
10t he ar HMitingshi ch this invention bel ongs woul d appreciate, variations from

or modificati %ﬂfbohﬂnérﬂ?oﬁtg@@?e%eﬁtsinbédtfé%ta?ﬁa&grif)éh bRl ffSel ol O DE

expected in practicing t nvent1on. Such variations and/or nodifications
can be t hariowspetspectivespinciidigperspgetivechews)thas aredelbdmgaticcepeselgatains ofis, and
the like,, and such variatigns are intended to be included.herei.n.wthin the
Scope. of MeRBcsr Rt ok FHERAETRG (het POSHD RO RO SHAR] i

that 1§ ol {RWr thRehigk tHi€InSentiin BiShReBD hpproMeR! L ahtidRSfbRedr respective
conponents illustrated in the Figures are not intended to illustrate the

preci se sledifecatibng toghe shaponamillusttatechinathe Fegusesearel tabeexnsctednn pragdeingo | mit

the scopeg of the present.invention. Although specific terns e enpl oyed
norei n. - DayeiEnlSER TaadS Al Phmgincdardapine Sl RLERaRebuarE n%: "t o
pur poseste@hniqhiél, Hadiwonsiiekationk,Ehd thé ke dhd Gudteddiiationd arenftesdddadtbef i ¢
ternms, as used herein, have the sanme neani ng_as conmmonly understood by one

of or di nicudsi herein withindhe seoneof e psank inyentioreand asfupbeosegfortindse a term
has ﬁsee”clg} DA Rfiofe T iAGHkciEL oP\ng hr&gmfﬁ{&ér&%h aH R %nge%tﬁ/@at terns, such
ose se I C

as t ef1ned 1n conmonl'y u I onaries, shou e interpreted as
havi ng acchpoman illgsteteCmthe Riguresrude not inekadéd/toallpsirao thelasdisegshapelofar y
skill in the art to which this invention belongs. It will be further
under st ot ORRONER AN aglifdpandsare pet mtended .%Lmlt%ﬁe scope of the present

invention.
Although specific terms are employed herein, they are used in a generic and
20  descriptive sense only and not for purposes of limitation. All terms, including
technical and scientific terms, as used herein, have the same meaning as commonly
understood by one of ordinary skill in the art to which this invention belongs unless a
term has been otherwise defined. It will be further understood that terms, such as
those defined in commonly used dictionaries, should be interpreted as having a
25  meaning as commonly understood by a person having ordinary skill in the art to which
this invention belongs. It will be further understood that terms, such as those defined
in commonly used dictionaries, should be interpreted as having a meaning that is
consistent with their meaning in the context of the relevant art and the present
disclosure. Such commonly used terms will not be interpreted in an idealized or
30 overly formal sense unless the disclosure herein expressly so defines otherwise.
The invention described herein relates to a bipolar overvoltage battery pulser.
The bipolar overvoltage battery pulser is generally comprised of a pulse generator that
produces a positive pulsed voltage and a negative pulsed voltage, a pulsed voltage

driver that converts the positive pulsed voltage and negative pulsed voltage into a
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in commonly used dictionaries, should be interpreted as having a neani ng
that is consistent wwth their neaning in the context of the relevant art

and the pweentisgizscl osure. Such comonly used terns w pcTmpbola®o2250
interpreted in an idealized or 30overly formal sense unless the disclosure
her ei n exgsriessl S0 (iiefi nes fgt her e.invention described herein

i .. h
rel at es PIAVRYIAdOlEge paYe aa@nﬁ”a?f?g?tyvepwsgérﬂﬂt%?ewaeﬁmra ¥ ol t age

battery p&ka%%rdisitﬁblﬁsﬁ%aﬂn%egﬂ{aafdsﬁa/é pRised vBHASOW SRISR AT tht:h@%atweoduces a
positive pul'sed voltage and a negative pul sed voltage, a pul sed voltage

driver tpalsedcyitage wavefoempnte; a pulsedovnlieee wavefory shad ivlanpigd arsess el sed

vol tage [nto si.tive pul sed wvoltage,wavef.or,m and _a,.hegati ve. pul sed
vol tage TAVLREoha Bt dud <plenals «n ReRIEh ot at mBrECER ot e si (i ve
pul sesl vphlkaDeolw@y faeforan@dithenddad pilsedudltgd warkioagicorway/ plileedn i nto a
pul sed voltage waveformthat is applied across the termnals of a battery,
and, opt VolfageIwavetimanpl i fier, which may anplify the positive 5 pul sed

vol tage waver g 1 afodiRn AL iiEnAh SRGpUEL LAGRAKE! BE BB gk liEiRy Sed

vol t age waveform an enbodi Iron, the pul se
gener at omid¢rayorii®llen nini apotled embodinent bHithe b ventiberthe pulsapeatdngtor enbodi nent  of
the invention, the pul se generat o%@fgrr&{ises ﬁ positive pul se generator and

a negat i GUMPIHICS @ RYSHNF QPE_ gensiater ANYE BHiSFr8RRIaF- P’n‘étl‘?rnvent ion, the
pul sgy 9ePEhAdiRenfEDf tROREA RS, At RIS RiatdIndy MR IrRE s WitbRAihHat

alternately processes a pulsed voltage into tthe positive pulsed voltage and
t he negainvesemmwitbdhatcllteagiely Piochsses a pnlsedhudltagetintothe posative pujsedt he
inventive device is particularly useful, for increasi cycle lifetine of
the batt 3?]?/3g§r?88iﬂ?’?p‘?e(%\#lﬁ‘§p‘ﬁﬁ%f5‘ﬁfalgFt wgpug%e[@é?%tgﬁvq%%wgt@f:n capacity.
151'f vol {RgRLH RIS AR 18 particRAS @defAF f? Sfcrédithed] Sfld RREMeVS the Patdehnd cel |, a
change in potential between the el ectrochemcal solution and the el ectrodes

wi || be @wprevingribeaebilityofthe battesyriceetaiggapasits, for exanpl e, without
7 L S o ] O S

change to the equi rumi’s ur bed,

f or exanpbtentidlbetwageashagleatradhamirl seluéi el theleRirodds ill Hehexpeti@wiedode, then
the ratio of the ionic density of the el ectrochem cal  solution to ionic
density Bt all ghemigalisystems oips exdmplenwithout datergiag ) be inpigga lspdiacid a new

equi i brj I i . A ¢ time is defined as the
anount Opﬁﬁrﬁgﬂ%’gg%gganpgr}&ﬁﬁgﬁs ttg-r{;qﬁhf%({uzllrlrl vegtgfté' a new equilibrium
condi ti on. Théf ansdxastaigieqnilibrium is disstrhed,, fondnaniple grimpbsing aehandgeanchange i n

B RS EARh ERaSB! R UL BT, Rl IRcEBSRALS
solution to ionic density of the surface layer at the electrode will change until a new
equilibrium condition is achieved. The relaxation time is defined as the amount of
time needed for the system to arrive at a new equilibrium condition. The relaxation
time constant, which characterizes the change in ratio of ionic densities versus time, is

25  defined by the specific dielectric constant divided by the specific electrical
conductivity, both of which are properties of the electrolytic solution.

A positive voltage pulse that is imposed across an electrochemical system, a
pulsetype A, is defined by the rise time of the pulse, which refers to the amount of time
needed for the starting edge of the voltage pulse to make a transition from about the

30 time when the pulse begins to rise to about the time when the maximum peak of the
pulse is reached.

If the rise time of pulsetype A is less than the relaxation time of the
electrochemical system, then an overvoltage condition is imposed on the

electrochemical system, then the ion density ratio will change to a new value over the
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conductivity, both of which are properties of the electrolytic solution.
A positive voltage pulse that is inposed across an el ectrochem cal system

a pul set ywe 2011/1i38038ef i ned by the rise tine of the pul sepcehireduiioef2e6s to
t he amount of time needed for the starting edge of the voltage pulse to

make a transition from about, the 30Q ti when t he I egins torise to
About -t nESR! GResieTen R bR B e i Hebgst edplat gefaee 't the
rise ti ”ﬁ‘cc@fdiﬂ%’IosﬁEMtzﬂlahﬁ dlsessutionasw o 8qualofX . | 2 PokitivE velkagdePilse
el ectrochem cal system then an overvoltage condition is inposed on the

el ect r ockansingzin egsiodtage irameledtrochemicabsisstany wilhtause dhd tatiolodthgcionis a new
val ue over the..course of the relaxat.ion tine ed pn the newy inposed
potentia e'ﬁftﬁpgI}beneg‘aéé%?(?@%?'&?ﬁsé)l‘tlttl)ont&ﬁewlggIdF %%I‘En%q‘i‘? %‘frfalcﬁh%ef)%t aw of
equat§ oneledtodeAo RRsedsk \uatiV&lch 398itive v Rageatifider§ rétfo e whivhtvagieal o 8

el ectrochem cal systemw || cause the ratio of the ionic density of the
el ect r oc HlepFecemical aYSien te twdfiraclas hack i itsforiginal sguilibaum sigier at t he

5el ectrode toA e i it I I i ed, which
w1 al bow t hSORFSARSneknolBUE boRdRb] kify a8 Pof By 4 RORGE.

ori gi nal veltagelpubse orma pilgitgpe B, which Ganme irsetsy pokanitypuethaodf thgpodtingi t i on may
al so be i nposed

by using a negative, vol e pul se,_ or a. pulsetype. B, which
has an iNQléar@é’“bSGIpé‘r%eEW"'&- PHHPgQFQIﬂ%WﬁiggPPg%PQ/QI 153 ‘e&uﬂ?éa‘é‘gf’getype A

Duri ng t ffhid ok d¥ALikies Rkl SE6LYRE ﬁuiaﬁe@me'phlgétypé ;s k@hdifatd, HO@RIgE | oni ¢

densities wioﬁﬁdecrease, but after the pusletype B is ternmnated, the ratio
of i oni cicénddnsities will ir¢lax backxolbe kalvo fililingdhaiBokzdénn distnidputibe Bol t znann

di stribution,accordi uation (1). The.rise ti for. a nggative

vol tage PYACLding %‘I“?gg‘i’)t(ﬁhgﬁ’ﬁﬁﬁﬁg‘tmeo%))r?inﬁ%eﬁwgev&gtagffg“ﬁset‘r?éerf F4FFi ng edge of
the vol t 3@8uRHfifnd fecdBK fordhd fr@link el SNof the FoRARWuldens nidke®R tiishtiohhe
trailing edge of the pul se begins to change to about the 15tinme when the

pul se i sfieo sboutde tived whemihs|tratling ¢dgetoh she pulse heigins toChangs te phowtithey edge of
t he at.ive ywvol.tage I is_| n,t i (] tem
thenian BV hE 8D Tfloher tEhTe A, Find MAUAL of erdliin£lade 8 BV0!

It has bemegdhttaoudiage ptilkais leds thamiheatlapationttini€ of hetsggempthefi@a, or
pul setypes A, at a hj ,gﬁ,f_r equency are inposed on an el ectrocheni cal system
one f ol | 8¥§rHgltagscopditien is maposedan thesdecipshepicakyysters achi eved from t he

second pul se ?tsIﬁlg bE&?{iﬁgéov%;eclttHQt iF &%Lalr 'pE)é'itlQé V(Ej)gd%e rp?l%/s'e% f?{pﬁfg@?&%?ﬂi & density

of the electrochemcal solution to the'1onic Si ace | ayer
t 0 ret ur ahigh frégiencyuark iitaposed oot st edectidchéragabsystent, wnt fidiovdng tleevatherd t hat
e pul se

R AT TRV RN T N T A T T
whi ch ar gegh{i& bPakgbic Aol drerk AcéiRhenllal S31863H RARS idic derRAY bEthe:
surface layer to return to its equilibrium state. It has been further discovered that this
“memory effect” may be avoided by including a negative voltage pulse, pulsetype B,
between the two positive voltage pulses, pulsetypes A, all of which are alternately
25  applied across the electrodes of a battery.

Without intending to be bound by theory, application of the pulsetype B
functions to “reset” the effect caused by the pulsetype A, and vice versa, preventing
this “memory effect” from being realized. It has also been discovered that through the
“waiting time” or relaxation time after a pulse is terminated, the frequency of

30 pulsetype A and pulsetype B, except without overlap in the pulses, may be increased
also having a favorable affect by lengthening the time the electrochemical system is in
a non-equilibrium state.
Faster rise times of the leading edge of the positive voltage pulse and the

trailing edge of the negative voltage pulse will increase the extent of overvoltage that
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W thout intending to be bound by theory, application of the pul setype B
functions to "reset"” the effect caused by the pul setype A and vice versa,
prevent i nyotzhig138asenory effect” from being realized. |t PoagEpradiznoizéen

di scovered that through the "waiting tinme" or relaxation tinme after a pul se
is term pat

i thout . BUSFE ARG PHES BRER Ovrlg Bie SRR B el IGHERIY v ab o

af f ect bbligh&f‘ﬂécﬁﬂﬁé)nﬂultséﬁe%dlﬂ% if&efngsit tiogd ek katrodieatieNsysten a
non-equil i brium state. aster rise tinmes of the |eading edge of the

posi ti veCXpsrieness agwnsegquifaiunhatater ai | i ng edge of the negative vol tage pul se

w Il increase __may gﬂﬂ | e
battery. O/er\%P?ra%hg%%ﬁn?é(g@tgé%ﬁléﬁ@ggPL ytn\%/i Iql%é ez% a ll(l)e\(/%v(épig?t fihgher

f r equencyhdngt setherebtiotheigicalsystean Clunged tamebetiheoleddanithe eleetrocieimicalst em
experiences a non-equilibriumstate. Under equilibrium condieﬁi ona not hi ng

happens- PYSEEM t JlGrRIPt §ay{BbHwn byrimpoping OVERRLAREPYI3SDREY N ERIHSERER cal
system (RPHICEI06E" oPonk MOKERIRINE BRoRbELT TRE RAUIE Bl arbyihrilize | nterr upt
equi li brium by 1 nposi ng overvol ttage pul ses between an el ectrode and the

"cl oud" périodowith aniinopeased elgetrical fidle foncodetinglifion theelohd of ioms awhiokaatvol t age
period with an ipcreased el ectri field force actin on the cloud of
ons. “whi terezsed it aad Safen wiiLhe dimimdn g Sorider. Retfiedms ek o

el ecid 0dgR. difNisibEfos@Br the Mesulti dAR i ohs 8w FomOhe elec@bdd R&vdaR&Ul t i Ng
drawi ng ions away fromthe el ectrode i's weaker than the electrical force.
Thr ough Hiagliks elpettiodifosceand energy, ions with attached ions having opposite
polarity will lose, these att.ached ions.resuliti LR iLpcr .Jo their
own vel ocity ghﬁ)ugﬂgl@‘ .rv?a—\f’ﬁﬁy %rh&ejerrber X’é‘?l%s,‘k’lglﬁ)?ﬁ%)l?g‘?r&%g,hagﬁﬁ(;%gﬁ Sl&\?e hydr ogen
ion H2+ polafiyewil] MkélgdscliitaohéEionsdsaliibgan BRYnReRe td thel dvit wlgdityedid
crystalline structures which may have devel oped at the negative el ectrode.

I n" a nonendray-t High eneegypions, fonexamnple @ resityehdragey lon He fsopaiardividediy dr ogen

lon gy B%P:ﬁ&ﬂo%c%le?ﬁx% &)g L a?é’dh}dﬁg%gﬁaaﬁgg taﬁfi?{esgtﬁlcltl}]rgsewhﬁ%%?)lm{? may have

formed a e negativ ctro I ssolute the crystalline | ayer by
form ng dendapedat deimdghtts@edtivdee iy a heplliemitisg exanplbenal leat acid battdrgal

sol ution whil e 20l eavin ure lead at the, el ectrode. |In another
on- |1 i 1erR9SER &ML DAY PO TGS B8 PSR o O 1 e naesoEF UWb1 ecul e
wi Il conpib Byt e tdrell @PtHe! LA/ &@&ro@b,%d%ss@ﬁ@@thlﬁrd%‘tﬁliﬁe I%Pertlwa positive

el ectrode. "Wthout intending to be limted by the theory, less energy is
r equi r edfarmingisulfiricacgeHsS0 stherehy ceplentistiing theertedirachgmical sobitwnovlile a nore

honogenous, . with reate Spnunber of | ead dioxide crystals, will be
expe engegﬁmﬁtp“fehga%&t%fF[fgtzrgﬁieectrode. Hence,

In another non-limiting example, a negative oxide ion from a divided water

molecule will contribute to rebuilding lead dioxide PbO, crystals on the positive
electrode. Without intending to be limited by the theory, less energy is required to
build large existing crystals even larger; therefore, a more homogenous, with a greater
25  number of lead dioxide crystals, will be experienced at the positive electrode. Hence,
under the circumstances imposed by the invention, the “birth rate” of new crystals
proportionately increases more relative to the value of overvoltage imposed.
FIG. 1 is a graphical representation comparing an overvoltage pulsing cycle
imposed across the terminals of a battery to the ratio of ionic densities in an
30 electrochemical cell. The solid line 10 represents the voltage of the battery, the curve
12 represents the ratio of ionic densities, and the overvoltage states 14, 16, 18 imposed
on the electrochemical cell. The rise times of the positive voltage pulse and negative
voltage pulse are represented by T,, while the relaxation time constant is represented

by T..
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under the circunstances inposed by the invention, the "birth rate" of new
crystals proportionately increases nore relative to the val ue of

overvol t age 201Mp3s®es . FIG 1 is a graphical represegtratreen/ocnspari ng
an overvol tage pul sing cycle inposed across the termnals of a battery to

the ratio of [onic .,densities.in an 30 el ectrochen c cell., The,solid |line
10 .rep.resents_hf f‘nbeeag&f‘{aztﬁ’iteﬁ'f’ forfxamp %&%romogﬁﬁﬁuq}%ﬁe ?%’S!agsoélrﬂlg the ratio
of i oni chélamvk bicRfoddatfll thh fediéed ¥@hbadst 18ddediBgidé drysikls onlfheipdpigised on t he

el ectrochem cal cell. The rise tinmes of the positive voltage pul se and

negat i veeleotredeyuay syl ima eeduehorinehe eversl} life ofihi battenye Aleg, akbkasibsen t i me
constant .i § represe d.h ol | ead aci , I t he
oront hoftefhek AREERALE b teducrio i feyrRAfloB R LRl ine BPodtIR (61 1 1Ce
nunbes obvdreskthgdiaditkeapplivsticd of Miplithde PR dverwlRbepllsoddl]l aRy réesmbtdht in a
reduction in the overall life of the battery. Al so, it has been further

di scover Byreasmgithgoyesal ifs ofip l?aﬁtef)_heBYrﬁf‘rﬁﬁFlf}V%l?’ﬁBElb’lqgrﬂth‘@&S‘@sVOt“ﬁée opportunity
for 5ovegm@é LaBS ﬁ@gletcﬂgd&%?la'b%ﬁh%/?@h?éhi Fésta{ﬁdcﬁ/feﬁfolﬁ e QYNNG bRgR Pul se
will alsb resu I'nincreasing t overa Ife of a ttery. By

repetiti batterydpfibwedby applesigta negatied velgee pulss acmss thesldchreded &t r odes of a

battery,  which fP oses an pvervol tage condition on the attf ry, .f.oll owed by
% Tt

0
appl yi ngbatenegahich mpeses 4 gumilan ervolpgE CONGHOTHIO SOHRIGERSL! &t y, whi ch
| NPOSES Brisi Mdri1ta¥ oy RlibRARe FRA bﬂ'étheQ?é‘rfé‘ﬂ@é@Bﬁ&{e Hah@raﬂ% t&fked of the 10
prior overvoltage condition, the nehory effect experienced by the battery

i s reduceund amthcraasé imoayshesléfetimeof theebattefyearidnan abfilitytod theabateerytoaathitan abi l ity

of the battery.to retai.n capaci is realized. lLn certai.n e di.ment s of
Che 1 mvoraneeny it Ralifr 10 cRERE B ek Y he gt fh, L hRlfher BEAEET s

bet ween hay b%_riﬁicr@as%dgg aSHQVNb&tWeb €. 71 andEREEsHoNABCthe indréft inBgld n FIG 7.
For example, in an enbodi nent of the invention, the nethod of 15 the

present lifgremasiin FlGuthFersexample, impn enrbediewnt of ha dnveation.gbe methedefvol t age
b I . FFEPICE OVET 9
pat ¢ o5y Bl BEnf iR B8 0%l I ARl IBLART Bbold Sy ekl Egd hadely "0 0 "

t he pr espualsed ¢f\iRepiesdht i ntion iveeResthp ki eld lifdtimaof the bakery dyodiuchris, a

bi pol ar overvo(l)t.age battery pul ser  of the present invention increases the
life of APYHIO& i aynPaEseROf Hwilanbaiterspsre the Rrepentipysntiop hayd¥ddicrRnt , a
bi pol ar ol . SerL: i i i ses the
i Fo of SHRIeA 1h AR chitolichul Ehipller g AR Mo AR o e iR =3

bi pol ar mventia inagpasdsahe Bfeyofaubastery byf as ineclpasabont S0%v dntiforthérncr eases t he
life,of a batter s much .as about 120% _.ln a further. enbodi nept, a

oi poflr Svbpdarentcinclan Svegmoifies BRTE rifer phbE shtoedDETtoB IS e  t he
life of frdbatd BddérPly FSmUbEBs Aourbout 18 AQ0ethdrentbodirhett! dBiporbOdi nent, a
bi pol ar overvol t age ){)attery pul ser of the present invention increases the
life of avéraoltageybabigrygmlsenofithepresoumnversgm increases thenlifgtof @rbatiptydyiasent s of

he i ' h hgd h S ' i h h inpl d
v ough- B ab Al 478 af edhabrSRieri it A BFSRy CP Sl e Rhsrdon

retains @riaeichyintntiorbiaticasey thyliRtofladastryaoastmidPasgbeat 200%.hana t he
retai ned 30 capacity of a simlar battery where the invention has not been
appl 2&d. fyrthes embpdimant adnpelpheyarvoltags bairy pulseeelBE PragentyBYEOP pul ser of

the pres eaisﬁ&gtﬁ-fgﬁ%@%ﬁ%g?@%%ya@m95?’?tery by at | east about 50%

greater an ere a simlar battery where the invention
has not been appiheeembédimenfswrtieinventivnd theanéthodobihp prasentine¢ntiont age

battery pul ser of the present |nvention retains capacjt a battery by at
| east ab&tAf afdb%lﬁ’tpgélieé?edt e RePPARE? YrEY 28 Betiar PB]fse’gOfg‘LﬁPFeé?mb attery
where t hﬁldem{&p;éugﬁs i@%ciﬂp& PEARrRBP b Rkt abButd 0B BIARE 1RARAC IRALG 2
bi pol ar overvol tage ttery
30 capacity of a similar battery where the invention has not been applied. In a further
embodiment, a bipolar overvoltage battery pulser of the present invention retains
capacity of a battery by at least about 50% greater than the retained capacity of a
similar battery where the invention has not been applied. In a further embodiment, a

bipolar overvoltage battery pulser of the present invention retains capacity of a battery
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pul ser of the present invention retains capacity of a battery by at | east
about 150% greater than the retained capacity of a simlar battery where

t he i nvenypeoiiasosgot been 5S5applied. In certain enbodi mpatrapediiobeso
i nvention, the pulsing cycle for increasing the cycle lifetinme of the

batter nd/or all ow t he batt to retain capacit be.li ked b
devi ceyo yﬁé}‘ﬁﬁ?é&’ﬁ%&?ﬁ%&’/\ﬁreﬁtﬂ glaﬁ%%%reéalﬁ?‘g?ﬂplé?“yo ﬁgﬁi%ﬁg%}leﬁ%?@ge&gﬁﬁl se%/. :
FIG 2 i ;nvantdbiPRas it BBERAPplied Ut 4 AlrtHRE eABodikRadiaBpélapbvetvdltage battery
overvoltage battery 10pulser 1. In this illustrative enbodi nent of the

i nvent i opylseraf the prshent inxeatiop retaige capacity pf a paitess by at teapabogeb> 0o pul se
generator_2 or .pro | POSELive | sed t tyd pul sed
Vol t age. ErAty i B BRARET ShedeBPSH b uloP BP Y it B8 AR yRERLE, £
generst oappifedi s configured in a mcrocontroller 22, the mcrocontroller
additionally conprising an anal og-_to-di,gi t al (1AD) conyerter 24, voltage
moni tori ng 26In eestaiyemRpdmentsafithe invertign, thegpulsipg Fyse fqryncrgasingithgs LED 30
may i ndi . ) . | se
goner at of b itetinEbAbY Baftpy WO PRASORGTAE Shdch e phiRbict By 50
r epr eseninvoiedhy entboide oeappacdtuskinvaoharintserbipdlhooeridtapge byttgayipsser.1 havi ng

a mcroc roller 22 that jnplepments the. puls enerator 20. The

i cr ocont R 1 s Hodk dineie URGHIA g BRBBER AL ACIPAIE: CiFresTigee bagery

M cr pgoNpiRE £F IBRGHuRmVE emBbdmedt 6hiHeG I dntiEn, thE Big¥ldr'cREeRRIthg | er 22 may
I ncl ude any nunber of features needed to support the ab|I|L{ to configure

and i npl battary pulser bodmprigpsagrdsecgenaatdar 20| fadpredyucing aipositive pnisedivoltage CPU,
wor ki ng regi sters: nponsvol atile nmenory se nts that may incl ,» but not
necesear PG A BRSVRPUBH Y01k 48 4R FRbRRR TRt ek FRER oL put
buf fers; tHel pilse/ gepbratd29;is esefiduréd Brd mifpbecohbollan®e ks ms@sdalroliat er f ace; ADC
conversion; and interrupts. e dl(gl tal supply voltage VCC to the

nm cr oconfddtipellyxpmpsispieoan analpenip-digialk Al conysstey 24 ovpltage nomitarag 30ppl v
i nduct or | 00-40-A41.ai C . I t he
anal g§g c%%cgé?/to E%%R%%@()gg ips(r')o(\’;étg;éléﬁ%’ya %Q%?\T/%:ﬁ 3%%62?&5&%%%%&&%?&&& ch may
be the satierosomplier 3Dund/er the pulse gensratdr 20Lppl y source 100 or a different

5-volt supply_source, and 30secondary i.ndquctor 106. Reset input 108 is
provi ded at PEIY. A Plustrates gn lesiriqal giruiy 3@%&%@%@%@@@6{%@ ogt PB1 of

rovi ¢ . i ce G
the i or QARIERIoIAE: BAlidS phide: MEARR ¥ fiBldbSRRINPES AR iohbRrichisang put. at

PB2 of the 'm crocontr Il ment o I nventi on, the
pul se gepelsagerer@0r 2ty The oderoeordroples22,iin ¢hip ekesmol anycdn ogkemenntdisanrfe st | ve

pul SS(? V(r)rligr%ggntﬁoqfe(r) Bgsgd%rr]x tgé ﬁ?é [al(':c%lltecctiurre(.: ullllte microcontroller 22 may include
any number of features needed to support the ability to configure and implement the
pulse generator 20 including, without limitation, CPU; working registers; non-volatile
memory segments that may include, but not necessarily be limited to, flash program
memory, EEPROM, and input/output buffers; timer/counters; oscillator; ADC
25  channels; serial interface; ADC conversion; and interrupts. The digital supply voltage
VCC to the microcontroller 22 is provided by a 5-volt supply source 100 and supply
inductor 102. The analog-to-digital converter 24 supply voltage to the analog
converter ADCC is provided by a 5-volt supply source 104, which may be the same
supply source as the 5-volt supply source 100 or a different 5-volt supply source, and
30 secondary inductor 106. Reset input 108 is provided at Port C PC6. The positive
pulsed voltage 110 is output at PB1 of the microcontroller 22 while the negative
pulsed voltage 112 is output at PB2 of the microcontroller 22.
In another embodiment of the invention, the pulse generator 20 may produce a

positive pulsed voltage and a negative pulsed voltage through an electrical circuit
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arrangenment. Any electronic circuit arrangenent known in the art for
produci ng a pul sed voltage may be used to generate a positive pul sed
vol t age awd 2s1mmBgd8i ve pul sed vol tage. In yet another ewrowdiromnionso t he
invention, a pulse generator generates a 5pul sed voltage and an alternating

inverter switch alternately processes the, pul sed oltq. e tho a
pass. t hr BEAIEERISTE <Y, sicptigpic BTt Arranes MR LRy 0dlie e fospyaducge
pass-t hr gulgdy Piitage thaydel R8E td ge&&att@@?ogﬂee 9a1séd1€olm%§ lahd ¥@epathvegsilseal t age

and the negative pul Sed voltage, while the inverted pul sed voltage is the
ot her of veltagepositive pul sed vol tage and the negative pul sed vol tage. 10As
al so shown in_Fl 2.4 @ Si.ti vol ta drli rts the
positive pul sgb"&&f‘?@ﬁree’ggoé{mﬁég?ﬁ%zr%%mlgllé?& Iglgﬁet%aél%\g\%%fl%rg% %4.

Si mi 13r | pulséd Velghat aM@ ap dltsBatinoinveger siiichalted@tetpioeedses theguhedat i ve pul sed
voltage to a negative pul sed voltage waveform 38. The positive pul sed
vol t age VYelasgedntmapesathiiovgiopylegghyaliage aud aninvered pyecdurlagsy Hhegassr e

general | urfi AESdR6IB P SReFdtd &t the ggégﬁfli%ulsejd%lﬁgég it eHeDatide Pul S

anpl i t ude, rise tine e positiv starti edge, and a rise tine
of the npga¢d valtage) whild thaithvergdeatped vokageds thevathsr. of the poditivecmrlsedi n

enbodi nents of the inventiaon, t(ge positive pul sed voltage driver 32 and the
negat i ve pAgsEnd ke pegdliveiPriyed vaietach shape and provide the necessary

timpg for thaspagidhbwa iREiGes MsitRepunRd ShRside dverng cBfgaisitNe pul sed
vol tage waveform 38, 20 respectively. In an enbodi nent of the invention,

ei t her opodivvdpu$ed vrdtage s a pesitiyripwleadl wadlagayeveloimad. Simdady.regat i ve pul sed

| t driver 3 i se. | h d a tim t t
shown). . SeReiSt pubed Ribise i ¢ hofsRE dRchealre Ane CUlPed HEE s onver: a
pul sed vglkadeolidde vaveforRBs/ ofHeasitive el el WoltigeGvavdifornt BAIghd Blees an

electrical circuit diagramrepresenting an enbodi mrent of 25a pul sed vol tage
driver 1pezaive pulse@uplsageovavielasm dfyareiggnerally definegdry apulghercds fequeacpositi ve

Grmbon ca PHESS iR LEPsY aBluk F OG890 b e MAARE e BRI TG 0,

t he negatise/Emeoif tiagegativspuliclFaiting cdgs papedtivelyy | nput to the High Driver
Logic Input H N and Lower, Driver Logi c,InFut L] N of tge Inte rated circuit
122. The i nt et esriain empedimentspf she inventign, thegrpsiiye puissd veltagedipist y2sour ce

124 whos r - J b . i : e el t
e R ekt deesnlpe IOy AR R |
hi gh vol faghbe pesitiveopulsdd tolage nheefoah 84 and megative pdbsed AofthgeawvavegoroB8.,age

reference 132 i rovi ded by the .integrated,circui 2 at.output .pin OUT.
The Hhet FBR DS A A STIRGEISRL PEHS i BB B BYp oL RS S/ dGe.
wavef or m,di3teatrReP 8 Bid ndda@e piRed DSIBPEREr 36 ESiHpliseZlpte §H&Feﬂ'ﬂnﬁhl si de
driver output HVG and | ow side driver output LVG respectively. The rise
times of timieg géngratemiot hovai)ddhd pilseshapgr pud mingganeraterrare epnfeguresitot he | oad
capaci tance,
convert a pulsed voltage to a pulsed voltage waveform.
FIG. 3B illustrates an electrical circuit diagram representing an embodiment of
25  apulsed voltage driver 120 of a bipolar overvoltage battery pulser 1, wherein the
positive pulsed voltage driver 32 and the negative pulsed voltage driver 36 are
embodied in an integrated circuit 122. The positive voltage pulse 110 and the
negative voltage pulse 112 are respectively input to the High Driver Logic Input HIN
and Lower Driver Logic Input LIN of the integrated circuit 122. The integrated circuit
30 122 is supplied by a 12-volt supply source 124 whose current is restricted by resistor
126. A bootstrap circuit comprising a diode 128 and bootstrap capacitor 130 is used to
supply the high voltage section of the integrated circuit 122. A floating voltage
reference 132 is provided by the integrated circuit 122 at output pin OUT. The

positive pulsed voltage waveform 134 and negative pulsed voltage waveform 136 are
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According to other enbodi ments of the invention, the positive pul sed
voltage 5 driver and the negative pul sed voltage driver may be enbodied in
separ at e wonbigss@si ons, such as, for exanple, through semparadie/oinsegrat ed
circuits. As further shown in FIG 2, the positive pul sed voltage

waveform and the negative, puls vol t vef orm a | fied using a
posi t1 veo Bt ey (i isarsies B Eia b B, SRS PUGRY MY ARP b 338 b OF

are suppiiegd dipud IV Eleseeapély. Fhe ris@timkd oE¥RHbICand o 3@ 8aea of the powver
supply must be sufficient to enable the anplitude voltages of the positive

pul sed voutpaigenayaheeganitnelled by thedopdganagdancgegat i ve pul sed vol t age wavef orm
to exceed the,vol ta of, the r . oSl tlye I | t age
A&c?rﬁlr%ﬁtg é)gl%er embggfnéqgl c\)/f;) tIhF 1nven{{g'x$ tﬁeo ﬁ&rrs]tlth\éa, plg\%edsx%qjtagg 9

wavef orm 46 ah e i Ve age wave ose sfgnal s have

been mnpltifdredd tity gegaBiv@pasédidltage driveetlay bt tapeditdnasepharten 52 via a pul sed
voltage distributor 50 or a pul sed voltage distributor circuit. The pul sed
vol t age ERMigUraiignsrsush as Spr example dhigyel sepagate idegratRd $BEWESM 52, representi ng

a conbi nati on ,Qf |t t e negative
ul sed vol t agh Al sREh ik RGPS A aHe G AABKBLE VR ABREA G "G | 50
i |1 ust r ahggmtiae pelsed voltapalwaviefarm maylbagmalifiedpsieg e positige soltayetandilifent of

20t he posjtiye voltage anplifier 40, negative,voltage anplifier 42, and
pul sed vi{_’ a8 nERgVF BEE: el 4 ihiseies SWBP@BX@%@&% anly Jobtter
I epr fi§ Nk AMgp1&thO Ybidfe of Rﬁéﬁov@&%pﬁ;ﬁly%ﬂus@’é@ IRiRIevt R bR the Hﬁbl{gﬂd% ]?9 e

battery pulser. In another ‘enbodi nent of the invention, instead o
anpl i f yi moltaghsopibsipositize pulssddoNagetveayefommvaidshennvered hegatizg pulseé pul sed

vol t age ef or t he pul s 25 vol t age veform 52 nmay itself be anplified
(not sho&ﬁ}{%geI%wﬁmtﬂﬁﬁ%eﬁqgﬁﬁ%%%%oﬁt _eo]\?AﬁEeWe i nvention, the positive

pul sed vol t agghdpbyiive pls@iwbliade waeemimn'\ys Pdltheaegative paedlvolvRe 36 are
configured to provide the necessary voltage anplification of the positive

pul sed voivelgenddywheserfignads have beeyamplified greamgragd intggouligdaolpgs  and
2014 0 08 518400500 ARRRASH e AL Rk WAL G
over vol t Igeptiséd esliagp disssbutof 50 agplies esgnilsddnvotiagd wavefonp 52 siepesenting
a combination of the positive pulsed voltage waveform 46 and the negative pulsed
voltage waveform 48, across the terminals of a battery 54.
FIG. 3C illustrates an electrical circuit diagram representing an embodiment of
20  the positive voltage amplifier 40, negative voltage amplifier 42, and pulsed voltage
distributor 50 of a bipolar overvoltage battery pulser representing an output stage 140
of an exemplary bipolar overvoltage battery pulser.
In another embodiment of the invention, instead of amplifying the positive
pulsed voltage waveform and the negative pulsed voltage waveform, the pulsed
25  voltage waveform 52 may itself be amplified (not shown). In yet another embodiment
of the invention, the positive pulsed voltage driver 32 and the negative pulsed voltage
driver 36 are configured to provide the necessary voltage amplification of the positive
pulsed voltage waveform and the negative pulsed voltage waveform, and additional
amplification is not necessary.
30 FIG. 3D illustrates an electrical circuit diagram representing an embodiment of
a bipolar overvoltage battery pulser of the present invention comprising a
microcontroller 22 than provides a positive pulsed voltage and a negative pulsed
voltage to a pulsed voltage driver 120. The pulsed voltage driver 120 then provides a

positive pulsed voltage waveform and negative pulsed voltage waveform to an output
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m crocontrol l er 22 than provides a positive pul sed voltage and a negative
pul sed voltage to a pul sed voltage driver 120. The pul sed voltage driver

120 t hen woQuigaso3s positive pul sed vol t age wavef or m angchrggasioe2pel sed
vol tage waveformto an output stage 140 of the bipolar overvoltage battery

pul ser. The | ified and conbi ne uls t age . ef ns.frqmthe out put
stage 14838% E@%%L‘FBH’O (PYEY0 tﬁ%effj ﬁgfﬂ'gl g'}’h zfgrﬁ’é'\t,t\aé %’P&f’gl ng to FIG
1, the rjgged wr?aie%v%%na%&ﬁth\é%uwasﬁg@ 180 b&epplied 5@6§§th¥€én51‘{ﬁl§ age pul se
as applied across the termnals of a battery are represented by Tr. The

r el axat i oha battasy.const ant, whi ch def| nes the tine needed for the ratio of

ionic densitigs t reI bac i.br epr. ted by T.
The pul se w d?ﬁc fﬁ ?Sﬁr Z’etgl eg%gisﬂletl \?fél%\glqoﬁt%eepulé séin% %e‘?egr m and
negat3 vevyledgedtise s lapflistoaced s the teﬁnrr@wcﬁfmtteﬁy 4y rébresthrdtby®. Maeween t he

starting edge of the positive pulse and the 10starting edge of the negative
pul se | sred@fapﬁe@rrs@sconataat whigh dedines the ttm%n?e@éii é«?rdb%lrat@fofpamg dersjiiese

”eq”enci’orelaﬁgll{/agi?'ic? it Vomzpat@mr-g fesit éonyégﬁge &th%@ﬁld“ver L

and the ne e driv ured to producea
positive p@lﬂéthpbﬁagﬁvdl&‘geborsm“&&eﬁ)m mdmgaivemltpgxt palee wal¢fage isvavef or m

38 wherein the rise ti he positive pulse arti.n e the rise
tinme of FIPECSRREGLOY e ﬁﬂl%§§n? F’%MCF‘?] ee%edgn S%eeoéh%l’?sé‘i“get Iﬁg?{ﬁ ‘f’?‘i]etﬂ?el axation
ti rrel@on%aﬁn% éa;ebhﬁleql Wg&weogdr%qehn@&ésw I 'Th%?%h@di NherRagdbopats of the

i nvention Ise ti the starting ed positive voltage pul se
and the pulaé tyalg fregigencpfis répereseatpdtbiyve.- avdlhteaogstlp@: psleechmitagsrdfrWQMbd to be at
nost 3/4 of .the rel ax tlon

et o e ek s Rl Bt i G APt etP R E AR T Piste age pul se

and the ypridel e BHIIE3PAND PBectBiNE Palsed folvipk tvadefdml 38ewhéreinaBe tk@tified to be
at nost 1/2 of the relaxation tinme constant. In a further enbodi mrent of the

i nventl oﬁfﬂle}]@SllﬂlVG@ukSﬁﬁ@rthg adge asd thatisegireeigbthemegaiepuisetrajlingsigeage pul se
and fhe LEAnbLOGSAe Rh.ddih AR08bIS 6P G RIbGHIA GICqREL@RC] to be at

rmst /3 g rel axa aln e s of the

i nvent i oBmbbdienentssef the iReiord, fiige 13deaithé bfithe dpetiny eddeaf plaspdsitive woddagage pul se
and the 25traili ng edge of the negative voltage pul se areﬁ%onflgured to be
at nost Ppise ard thedrailanesdgeiod the negatixoritagapul SEardedignicddadeal Wt s of ¢ ho

| nvent | 0%s gl FaGbh Bnelonk i, ShahbHBELAHGENR S\Fe BRShY Mupld age pul se

and the tralling e negative voltage pu se are configured to be at
nost 1/ 8tiafe dftilkee ﬁmﬂmg&dg@of ﬂhEIpBSlCerlsbhng pulse andrthairmliegbdgh ofght s of t he

08k ) B 9B St B GBS o
to be at [\Pfirther embodiment of the invention, the rise time of the starting edge of the
positive voltage pulse and the trailing edge of the negative voltage pulse are
configured to be at most 1/3 of the relaxation time constant. In certain embodiments
of the invention, the rise time of the starting edge of the positive voltage pulse and the
25  trailing edge of the negative voltage pulse are configured to be at most 1/4 of the
relaxation time constant. In certain embodiments of the invention, the rise time of the
starting edge of the positive voltage pulse and the trailing edge of the negative voltage
pulse are configured to be at most 1/8 of the relaxation time constant. In certain
embodiments of the invention, the rise time of the starting edge of the positive voltage
30 pulse and the trailing edge of the negative voltage pulse are configured to be at most
1/10 of the relaxation time constant. In other embodiments of the invention, the rise
time of the starting edge of the positive voltage pulse and the trailing edge of the
negative voltage pulse are different but each are configured to be less than the

relaxation time constant.

-18-



1/10 of the relaxation tinme constant. In other enbodi nents of the
invention, the rise tine of the starting edge of the positive voltage pul se

and t he twei2bimmgs@dge of the negative voltage pul se arepdirfdpes@nbt22but each
are configured to be less than the relaxation tinme constant. In

ther enbodi of the i th ' t |
Ctarti ng. edge Rl HEbRmERt A ietibnn s e Motk e PPRUPY PUEE cage ar o

shorter §taﬁﬂlgteag e hifd Mheaise And d)ﬂﬁe Abgdiive palse @xtangfgr@i@e QRd shoftet thah fhecertain

enbodi nents of the invention, the rise tine of starting edge of the
posi ti verolaxatianéinmifdbe elaetradhemicadcéli.nly esatgin mbcshmentﬁ@ﬁﬁtq peenfiont age pul se

are confj ure nost 1/ of t e re n
anot here ?IrlghetOfbtﬁ a‘ﬁmr}gneifigntl oepotshlevervloseé(etédlgea‘rfdtggeraisl{}lg edfgﬁafedge of

the ppsi thewegmweﬁﬂﬁg@phlsea@%nﬁ@@retirt@bk an@ogdge opthetrblaxatk@adrhy.elnvol t age
pul se are configured to be at nost 1/3 of the rel axation time. I.n further
embodi meatatheggemppdiment ahithe dpventing. the gise timgof die yaEing edeg ofife pAYEVST t he

oS {1 Ve Yk ARRSFe @flnk Beed bl hOSEHIRNAYe fule HeTBRGNRHRR d20e

pul se are C u xatlont In certain
ot her enhmwdi rrermtfsheafelab(bﬁon timenfn mthet hmbodhmntsofeh@fnvbhteorsﬂaermsertgnedge of

t he positjve voltag | se andth trailin dge.of t ative vol tage
pul se ar 8%%’6%‘1%'&% p tRRPOSIt VY ta&? Bulsg a‘?‘hg‘ g’@lﬂ%‘?‘{]gﬁﬁ?ﬁ? YL st | ?

ot heyoy empogi ggsﬁ'ﬂs% 24 céﬂf?guké?i‘&%%'a@ﬁmsf N JrigiereldxABoPfimeNen 84rddif bit@r €dge of
the positiv ol tage pul'se and the trailing edge of the negative 15voltage

pul se ar embodlfnegtsr(ffdhd: mvbmlcat, theose timd of e Stalnteng alga dthepositivesvoltage ot her

nbod t f.th th f th t t f th
e vePuiSe Rn ek e e F s feafiv ot pulh e ok P P g%l%fgge oul se

are di ff e/gedftithdrllaa@i6n tiddee 169 iothér 8bbinkitd Grthe hh@ﬂuém@herﬁéeat&aé bpn tine.
I n an enbodi nent of the invention, the pulse cycle fre(%uency is maxim zed

and 20 y#te ssmtog edgeoef thepewtive whtags pulse and g terking edasiol ghonegative pul ses of
the positl Yeecpp‘tglrstseeacrie gc?rlrﬁ%%x%eclt \éeaft% g} ﬁ@ Iotg\lf/hgenrt@{%ggt% ﬁ Qu&rf&%exy ol tage

wavefor m’ arn’e se cycle

f r equencymbadigents dfahe flvention3thdite tirse abheistatiy ddde,of glne/pdsgn& vodtapod from
about 10 m'croseconds to about 35 m croseconds. |In_an enbodi nent of the

i nvent i oRulse ped Pgitdling gdgeiod heneeadvs veltge pelse ger JifiRrepb pytRach acor di ng to

an embodj, r&ftotﬂéEleésr{Hﬁ{‘fHeQﬁl% e L se duration is at least 5 times the
rel axation t I'n another e |ment of the invention, the pulse duration
is at |east 10ntn embodient ef taxam\tennomnhepullsmcgoée: fraqlmnhgus eakiodzedeand of t he

B e B0 kv Bt O bUES PSS EbE L 1T
| east 30y§kdRSviVREorhPARIHRE hOghtive PRlsed voltage waveform. In certain embodiments
of the invention, the pulse cycle frequency ranges from about 30 kHz to about 100
kHz, giving a period from about 10 microseconds to about 35 microseconds.
In an embodiment of the invention, the pulse duration exceeds the relaxation
25 time. According to an embodiment of the invention, the pulse duration is at least 5
times the relaxation time. In another embodiment of the invention, the pulse duration
is at least 10 times the relaxation time. In yet another embodiment of the invention,
the pulse duration is at least 20 times the relaxation time. In still yet another
embodiment of the invention, the pulse duration is at least 30 times the relaxation time.
30 In a further embodiment of the invention, the pulse duration is at least 40 times the
relaxation time. In a further embodiment of the invention, the pulse duration is at least
50 times the relaxation time. In a further embodiment of the invention, the pulse

duration is at least about 100 times the relaxation time.
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30ln a further enbodi nent of the invention, the pulse duration is at |east
40 tinmes the relaxation tine. In a further enbodi nent of the invention, the
pul se durwbi20m/i38038t | east 50 tinmes the rel axation tinepcirepaoifienizeer
enbodi mrent of the invention, the pulse duration is at |east about 100 tines

the rel axatiop, ti.ne. The ti tween. the, startin dge ,of the

posi tive pul Sihglﬂaxetl}%wge(naﬂnf Fﬁ%&“&f‘é%%? ﬁleﬁﬁ’sﬁ‘élﬁﬂl}ﬁ‘?@ngﬁll?esgmi%gg%% fraction
of the pgfiheQegdiivePuIRNPSGHhERALLGT oftthE peidE ThiAemBoAemantiffe of time
between the starting edge of the positive pulse and the starting edge of

t he negainvertiqnitheeameuns of tinredwtwernithe Kartingredege of thermosisiverulss abdtheen t he 5
pul ses O%%%}}E‘%oe@g? I()g{h\é%egéjthéee}gulé/eqls tsagge&’é&%ftﬁétg}la% s A 8vé}Fa$aote't\¥§etnﬁgé ts |e(rjre

vol t age ccor 0 an enbodi men the T nventi on,

bet ween pligessdfahé poxitiedgdscdl vdlfage paséfoid ang thesiegatick pllsedsicltage ng edge of
the negative pulse is_at least 1/4 of the period. In another enbodi nent of
t he i nveWerefarm; Recerding ansathodiment of the inpentiogg thedime betwsethei ve pul se and

L %ﬁg{l&gﬁe@%@ o?fhey%gifti%t@%ﬂfsk Viid B scfﬁ'ti.hg ﬁ@ée SfaRS hee%aa}ejvé %uf{%& id Hgehpriod. In

yet anot di men e 1 nvention, etinme e starting edge
of the pok&ldfithepqidds dnandththembodintennof thel gevention, ke thagdtiweenphd se i s at

|l east 1/2 of the period.. In still yet another enbodi ment of the . invention,
the 1 mesBRIGseRe fﬁ@ewaﬂvrf ﬁg}fss apethgrsieiioe s Fie nA%AlYE palsa s FldeS ar ng
edge1f §RGMRYBEANE IRYESShdter@mboffidnt 3 theabvdMRnP@kish bekwbéh @eder to
achi eve an overvoltage,” the pul se anplitudes of the pulses of the positive

vol t age praitse edge ef therpoaitiore phise pad dte ssating kdgeef the hegativapelsensatdeast| d
exceed t vol t age pof. t battery. In.an di.nent. of ,the inyention, the
ol 6 amip tdePaio Ha sl v8EtGhet Sy Bierl S BB RigE: 5t e TR 1 and
the negaiﬂe‘é@aﬁiﬂ%éd’@:&)fﬂﬂé g@siﬁ\@é/ﬁilﬁ?é&ﬁd the 8iartipaslige 3P Hélnek@Opasd 8fat t han the
vol tage of the battery 0 In anot her enbodinent of the invention, the

pul se anjsestidef tre periedpul ses of the positive vol tage pul se wavef orm and

the negative yollage DUSE HIVENBIA, ThehuldedlicRBQWr e plIMGaRL - I N
of 0 t pul'se anp e of t

anot her enbodi nen e inventi itu e pul ses of

t he posi pbsigveradliags pulse wawefbaimeindrthe Adpativé eolfepggiviseavareldragshopld se wavef orm
is at | east about SO%greater. | n anot her enb?di nment of Lhe j nvention, the
25 pul sec¥esf thejipitage of the batieye dn gp embadisessit of the 1G¥ANLQRLIBBPSE wavef or m and

the ”egaﬁlirxrlggt&l}ﬂg'&ﬂﬂ: u‘Pééhz)?ltﬁr@é)@ft%%h?%@ﬁuléele@ﬂef&%?%d %qu%g;\;%at er. In

anot her e ment t ntion, e pul se anplitude of the pul ses of
t he posi volaeepulseagevefurisis ankeastfabom H1Yd gtdaeer tlegahe veltagel dfdgebasterse wavef or m

is at . |east out 150% greater. In another e dj rent of the jnvention, the
pul s&0 anﬁ? & cgd H’ée"g19?g?§n6?ntmet%€§F$ia9§?@de{§é%e %‘ése&ﬂ%ﬁée wavef or m and
the negaphsifve/@dliaae PuRb bl cimeaitiR hézafile VoDl pRRRUVa v IRERAS -

In certaln enbodiments of the invention, the pulse anplitude of the pulses
of the peabiuti20% greaternga anothee enbodimenhobihd inveatipmghe pylse gwplitige opthese

vav et Of Mt Sed S e hABAS: L0iplL FRRY Rk b R RO HLgR T Rlict han e

waveform is at least about 50% greater. In another embodiment of the invention, the

25  pulse amplitude of the pulses of the positive voltage pulse waveform and the negative
voltage pulse waveform is at least about 100% greater. In another embodiment of the
invention, the pulse amplitude of the pulses of the positive voltage pulse waveform
and the negative voltage pulse waveform is at least about 150% greater. In another
embodiment of the invention, the pulse amplitude of the pulses of the positive voltage

30 pulse waveform and the negative voltage pulse waveform is at least about 200%
greater.

In certain embodiments of the invention, the pulse amplitude of the pulses of

the positive voltage pulse waveform and the negative voltage pulse waveform is in a

range from about 75% to about 125% greater than the voltage of the battery. In
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anot her enbodi mrent of the invention, the pul se anplitude of the pul ses of
the positive voltage pul se waveform and the negative voltage pul se waveform
is in a rgogeifmeissabout 80% to about 120% great er thanpthapy@hioagse of the
battery. In another enbodi ment of the invention, the pul se anplitude of the
pul ses of the pqgsitive | t.age .5 pyl se wavef or t he negative.voltage
pul se m@‘@?rtg‘?rrﬂn? dirpeny O:fgl?f’glgg?r}t% ﬁﬁmseWBl{t%éga%gg? p'riﬁi%%féefgs%g?séﬁwet han t he
vol t age 9&1;&'3@&%}2&@%%& dhdngé n?ééf'i% vBIRRAIRN W SveBrmt REn avguetfre, t he

e o

pul se anplitu the pul ses of the positive voltage pul se waveform and

t he negaabant 80% toaheuplA08e gwatee thanrthé voltdgs of thedpatiery. Hatangther he vol t age of
the battery. ,.10l rtain.. i the .i nv i t he.

anp! 1 1 uaenoggineREof Ef ARlAGFTIREPISEbdpfluat of st pE e Al BYOREe, 1 e
negatj vepiigt WagefoRt lage thinghveveltage Palse Wivefomiits i Arangt fidhhaeouwembodi ment s
of the invention, the pul se durations and pul se anplitudes of .the positive

vol t age POYede abputdil@rnersalsr thae thoyeliags ef thel hattge - Jniyskother anbrdinghls each
adj ust ed lL.ow i t - Af age to 15be
appl i ed ?gh‘teﬁ%w’e@g?{”g??bgﬁ% o?ﬁ%ﬁgt"éﬁgﬁje%%f R fshive v ot ef{lgSL}écl e lifetime
of the batavefoym and the ndgatiesnvatdge gulve mtaveforinhe about éwice dimt ofl theeadtagenent

devi ce ervi des the voltage of the battery and provi des the neasurenent

f eedback©t tiePatemt r ol | er that is configured to reset the pulse anplitudes
of the pul sesyofedfieeRBsdiien ofthd AFEni, 8- paeisIdRbiRepNSIaIr Ve

vol t age pul se wavetorm provi ded by the bipolar overvoltage battery 20

pul ser t thegmisiteeoltagiemilseedtavafomm andthemegativg odigge pulsawdeeformdrazoige of
overvol t gge. I n, certain enbodj,nents .of the jnvent.ion he bi pol ar
overvol t ﬁ%esaﬁ’zit R yet %ﬁ?rse&bo%@ei}? g g{qeﬁm‘ﬁl&@’aélﬁ BH{SF gHaL‘P n%l?ﬂiit %‘ﬁ% asur ement
devi ce, Whbfitudeg BVihe PosifiveRaltapePuBRIwSlefdrifandaht fEgutive volthi@gsulseThe
nmeasurenent of the battery's voltage nmay be used by the controller to

i dent i f y waneforntaes eAchadinstedpllewirg ton hepgreatestypossible cxteahpf @vervaliggete t he

vol t age of e LY, r.lal J . r be
{ogi 211 I abplfer Bihsabatish aifonts Brealsl Bbftafeimite pCHRRMNC @ hEballBY OF |
vol t age of thén bhabibodinxcefilis itvendon,ai Measatantent U ce prolvidek ke volage be
logically configured to identify the battery is in a full state. O her
stat e i dehthefatenyiasdPronigesshe msasyrgmerifesthagk g pomrlipr diat tsfonfigriedge of

t he batt L i gl : | tage 30
of tho ba Fesfthe BYIRCah PR Gho PISGICH B pEIRE FLEeBIRE My eltR e Pare
det er m nétel regatisuaditags pulse waszfonplpeovided byrfhertapalarsovefvdltage battergry. The
controller may be confiqured to agtivate or deactivate the bipolar

over 381 « Bijseirheeieye p o i e S viutie br a BB et D MBS denti 11 ed
by the control Eéné?ﬁéﬁﬁo&iﬁ&ﬂtstc{ﬁhé/ﬁivkﬁt%, He BipSlaP&resitagdB&Hy pRILET

measurenents. The bi pol ar overvoltage battery pul ser may be a
st andal onmayddsgi indudharcontgolfenandi p measyrgmient deyiegt whiohiprovidesmeci fic battery.

I n ot her enbodi nents, 0 he i nventign, the bipolar overvolt attery

pul ser nﬁ?af)lgelinﬁ?teodj}é? %#el%fgo a%?atﬁgf??asﬁegeggoﬁhfs ??%ﬁ?rgtsevsozil%(é%g}ag pective
view of 8B ussdpdiheRbhitrélfer itd Rlehfifedid deferfiinged sigtetofehdbapetyr Farwxampld age 5
battery pulser integrated with a battery. This exenplary enbodi nent of the

i nve®? i oivhen thesyalage of therhagenyas bela aesyiaby walye (thegpntioliesmay be dogigallys

desi gned j Bl t-ur . d i t e, The

bi pol ar 8{)/@}4}{5%4 ég‘glg%gy Eﬂge??/ﬁ%brfsgel}r{ a(%h?%lr?gs%%gt Ietgﬁ% 9(61?71 hogt% &ct1ol yt e of

t he | eadecgadeds baértain yald®Ohe todtradleamalyde logitdllyt domfigasedad idenbify theer such as a

0bat 1 or Pty i BMULE S OUREBIrFYS CoRpEHnEN B GURTEFGLbRES PEYSAIY or i na
202 and G,{ghe voltage of the battery but also the direction and/or rate of change of the voltage
30 ofthe battery. Other measurements may also be incorporated in the state
determination, such as, for example, a temperature of the battery. The controller may
be configured to activate or deactivate the bipolar overvoltage battery pulser based on
the state of the battery, as identified by the controller based upon the voltage of the

battery and/or other measurements.

221 -



negative battery term nal 204. Whil e this exenplary enbodi nent
denonstrates a bipolar overvoltage battery pulser 1 that is integrated with

a | ead aowd 20ati3si3g 200, the use of the bipolar overvol pagepbatitoerygo pul ser
is not limted to only this type of battery. Rather the bipolar 15

overvoltage b ul ser. ma used with and/o be i rated with
other types o&h E%ﬁ@gﬁﬁpga%%?%ﬂ B@S%fsm%ﬁ’?as@ﬂ q‘?ﬁ’b‘i’f’tﬁ@tﬂ "8t ¢ he
i nvent i oRirédIR iNRRACH WitH adpy¥difie batterl Nén biR¥LathbOIImERY otf&mhvauio@adleam d
battery. The phenonena upon which the device and nethod of the invention

are basebipataniogenyeltagedsagtery wlsqrémyi bﬁgmtﬂgmé@d injpabaisdrybXlG et ilbstralgs er t han
lead aci E O}Q d oL 'v?e%v tzaql éAng(;cﬁmtthf . Ieltlicl) Fsh %vrugg ﬁb%{;t?o%reédequt ?{:‘Ch t hat
| n & et

t hey wou eal'l I npr ovenen y capacftiy they

wer e gapbitedy gfllséleﬂh&lgf’dtétgw&ﬂdl tauftefyrrpﬂﬁs/e;mmlaﬂyrelﬁﬁwnﬁmroatltme invéstiodf t he
battery bﬁé%%g ag plication of the device and nethod of the .invention. O
TRGH 3

cour se, I@M&aﬁiﬂéfa&"eé‘f@a&% Pylsen 1 hat isdseigngshiodHeyighia thissoci at ed
with the tﬁjl?c‘fur%g)f%qgaéiggi d;bf?éjcte Zﬁﬁ'e’ﬁhé‘ﬂ‘rﬁﬂfa% BOeQ%%%erb%ﬁ@n%ﬁ@r 1tiypes of

batteries coul apted to t properties terlasthat are
speci fi msbtatetchﬁem thxt éiectrdlymeff tlod lebdttid bagery mnefoeﬁamraple; with ot dserof a

enbodi nept of enti he .nmet hod and devi ce |nven I on may
reat ot R gisBes gleaelpyeln (1S GRemHlark GPENRE e DUAE OV o -

|1 i 16 9bRATBLREr Qnbdts, ihiEARRyOLith M bARC A ikl 252 drd 4 h t he

met hod and device of the invenfion may be used i'nclude a |lithiumion
battery, n%dtuveﬂmamp@hynerOSObattery alithi um sul fate battery a lithium

titanate batt A lithi hateb ath

rechar geabl e Wi‘ﬁ tﬁfﬁeﬁ‘ﬁfnﬂ’ em Oﬂ%o iﬁe%?% ‘j’rlg%l (gf’a‘&e lbgtt?{?'ckel
cadm um Balkséer that B ifteSta@dd \Zritlﬁlﬁléh@tdcﬁfb’atte@ mo:lﬂeel uderdiflﬂlehﬂbbl@f y, a nickel
hydrogen battery, a rechargeabl e al kal i ne batte@g@aa silver oxide battery,

a_ sodi unpeaveliagethatteryraplser is RotAmeitadrio cabiohisIHpe ttegy dRather the Binol %ry pe of

rechfl Geabl obAERY ARer b RYEAVNN Ol L ED WTHERLRE) LRR UGk e

i nvention app an e nent 0 I'on

t hr ough af kkcharigeabl abateemies ahwe/llngn h@arnaoqnhwnabf thy ifentiop tHeanethod and| t age
battery pul.sers may be Sintegrated Wltg}@ correspondi ng nunber of batteries
in a si ngPECHBWBE IRYEHBPY MY tisat 4 kag apidbatteach of the batteries 320, 322,

324, 326 in the ?ﬂéﬁo%éﬁa Sﬁ“ﬁﬁ&&@%leé‘lcg%& FreRRRAYrg HivBtGH arBadao! t age
battery pul ser % 0, 312 14, 316. The batteries 320, 322, 324, 326 in the

battery paakd Bdsetul én treathry ghet thyesofbatienyes; oBB8Othail ﬂmldtalcpbbaamerlesger vol t age
I A TECEIE L ENE OGN TR AT R T
the bi polRrextent of battery capacity they were capable of retaining and an improvement in
the overall life of the battery by the application of the device and method of the
invention. Of course, the pulse specifications as well as other parameters associated
with the device and method of the invention for these other types of batteries could be
25  adapted to the properties of the materials that are specific to these other types of
batteries. Therefore, in another embodiment of the invention, the méthod and device
of the invention may treat other types of batteries (i.e., a non-lead acid battery). Non-
limiting examples of the types of non-lead acid batteries in which the method and
device of the invention may be used include a lithium ion battery, a lithium polymer
30  battery, a lithium sulfate battery, a lithium titanate battery, a lithium iron phosphate
battery, a thin film rechargeable lithium battery, a nickel metal hydride battery, a
nickel cadmium battery, a nickel zinc battery, a nickel iron battery, a nickel hydrogen

battery, a rechargeable alkaline battery, a silver oxide battery, a sodium sulfur battery,
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overvol tage battery pul sers 310, 312, 314, 316 over their operating period
of the batteries 320, 322, 324, 326 to ensure that a high termnal voltage
i s not exwenvemesdsby having nore than one bipol ar over volrieeg@ 1hed2s@r y

pul ser 310, 312, 314, 316 in operation at any one time. 15Another aspect of

the invention.includes a nethod for increasjn cycle lifetinme, of a

bt t ory - Aneraiim i Tonangany apbr B PERh I EHASy el Rdekonn: o

the i nvept a0 inveateddBswltickRhO Bl effior s5ebNg @ battery with the use of the

bi pol ar overvoltgge battery pul ser of the invention. Another enbodi ment of
1sd@

the inventionFgs smbodenens @i tley inventiom; agillasiated girpugh Pblotk bat teri es in
a battery. pack,,each .batte avi ' vervol t.age battery pul ser of
Che | nveteBan shERER RS B o BB B p s et R S0 maS Do Bry

pul ses s Hiigdrateh Nith@éorfﬁ@p@qdih%lﬂulﬁbﬁ offbattbigestin pGimle pyeérsabplaae baatdyer y

pul sers is agg#gin an overvoltage at any one tinme. An enbodi nent of the

i nvent i oRagkaEAch&f the batteriexB3th 3225 P 3201 the §attaay wacke3W5hasssi ti ve pul sed
vol t age ' r -yj ng the
posi ¢ 1 ve ot eaiThEBbob R Rl baRE K0, P 31E e, FIE ARELA (2. eror m
al t er nat 320, 322y 3Bk 32€imihedateryfpaak B0 teerrgchdfgardshienthdrgertI30s Thelbipblaent , t he

nmet hod addi ti onal.l i ncl ude [ gi oSitiv | sed vQltage vef orm
and t he Héﬂ&?litﬁgé bﬁﬁ?‘é’éﬁ“??&‘f flé)gnglm ér%ﬁﬂalpaeiﬁﬁ@@oc%f’ﬁ%r ‘R\Naﬂgf orm
priofg t oc&aRRIINE 890 ENGeSBRIASH adGvimsehaihth Aat@eRinkREcH 6f ik Bfjotarof 2

battery. In certain enmbodiments of "the invention, "the positive pul sed
vol t age wearedltagn atteryspudiengd K, 3324 11idy 31 paves dhkivoparating panwdidicheregat i ve

| sed vl ' t] | sed wvol ] h
Ebod meREST AR Pavent ian 1 eRuroite BB e hge Kok FRBaiendel Tt yi ng
the posi by ‘ﬁ@viag nf2 6l thagl dnd B o (R eprolta 38 Battdne plisercs 1oy 17 B13£31 6/l t age

waveform I n still another enbodi nent of the invention, the nethod
conpr i seSperain ahany@ne ligngpul sed vol t age waveformin addition or as an

alterpative t Lifyi [tV V, f and the
negaﬁqve pul se %\{%f?%gpgm%bgfnﬁ%%é Lmﬁlrgi%%’%éfe%,ﬁgéf}%ger#ﬁé% cg{%feg I nventi on,

t he nmet hitiattdoftd ety andieralondss te Harteduo ireigincapadige dAwy embadieentof t her
pursuant to this enbodi ment of the invention,. a pul se(% vol t age nay conpri se
any one 8¢ laveasioniindudess methad ghtpatinga batteseyith dhe usgot shigbiRoRegat i ve pul sed

vol t age. °Ver"°ha5éerbaﬁg‘ﬁ’te¢lﬁ§er%mqhﬁgam t he invention, producing a pul sed

vol tage conprises ¢ ating a p "vol tage and processing the pul sed
vol t age, al t e Amather ymbodinenaofthssavention provides a method for treating a plurality

20  of batteries in a battery pack, each battery having a bipolar overvoltage battery pulser
of the invention, comprising controlling the bipolar overvoltage battery pulsers such
that not more than one of the bipolar overvoltage battery pulsers is applying an
overvoltage at any one time.

An embodiment of the invention involves a method that includes providing a

25  positive pulsed voltage waveform and negative pulsed voltage waveform, and applying
the positive pulsed voltage waveform and the negative pulsed voltage waveform
alternately across terminals of a battery. Pursuant to this embodiment, the method
additionally includes merging the positive pulsed voltage waveform and the negative
pulsed voltage waveform into a pulsed voltage waveform prior to applying the merged

30 waveforms across the terminals of a battery. In certain embodiments of the invention,'
the positive pulsed voltage waveform has a single positive pulsed voltage and the
negative pulsed voltage waveform has a single negative pulsed voltage.

In another embodiment of the invention, the method additionally comprises

amplifying the positive pulsed voltage waveform and the negative pulsed voltage
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10 through pul sed voltage and an inverted pul sed voltage, wherein the
pass-through pul sed voltage is any one of the positive pul sed voltage and

t he negatwuveopuissed voltage, and the inverted pul sed volptag®2613/001280 Ot her
of the positive pul sed voltage and the negative pul sed voltage. |In another

enbodi nent t he inventjon r.oduci a pul sed val t conpri ses 15shapi ng
t he posi WV/%IOBW g‘bﬁfﬂy?ﬂott edé*&ﬁ’&"{l?fﬁ oﬁgb% ?%loﬁuwgé’aas‘g‘f‘f%@seﬁes pectively,
into a pamplify¥ify elpaRdd weité%‘maxsdme;mﬂi@m&@tah\éﬁemﬁs@% ampplifge shape
and timng a distribution of the positive pul sed voltage shape and a

di st ri buthemosisive pulsed vghiadeavsiorsrend ibr nagativepajsed velagecvavedonn.i nt o t he
positive pul sed volt I i . V. wavef orm
20FIG 6 provgbggggﬂgggb |c§t%?ggﬁgggﬁpgt?%%ﬁ%h%ﬁﬂﬁgh§ﬁ®yfﬁh%§§%;discharge

for & | epgbdacing alpaldednyltagrt Fuiter pestane s sabodifeat of thg idventibig aret hods
and/ or device of the invention 400 versus, the tine to dischar?e for a lead
aci d bat Pals¢d Yoltage may GoBPrise @Ry SBC PF EERiBation of a pesitiyrPWsedoioltage ust r at es,

t he anmou pe j arging a lead acid battery has been extended by
nor e thaﬁ&%ﬁge‘hq§8g§3§qﬁ%§%g t he net hod and/ or 25devi ce of the invention

ef fectivel y r &sandthergmbodimened siedinbaitionr prodagiag atpplsefvaltage qunoprisdes a

graphi cal representation of the discharge ti ver sus the nunber of
Shar ge/ deeReFige RJeade@liags and Progessing B BUStLYY ALheAlCrRlKdlP pPesess e

accof@li nghrb@H fsddBioNage aPaPhveRAd gﬁgégavraégg%:w&ahitwpékaﬂmg ared to the

di scharge times versus the nunber o scharge cycles for a |ead
aci d bat pelsed vdltage himanynate of3ke pestivespulgadomdiegeandithe negattveqrudgsd shows t hat

the overall life of .the |Lea cid battery, treated accordi o t he, net hod
bnd or - auohags: it Bk iviod BEsed Snlaetie i sk BisPostifE Bl doldad dlen” about
1.7 and gRaitgattvelpulsedo@igé.i son to the lead acid battery that has not been
so treated. VWhil e these tests show that a device and net hod of the

i nvention ar elegfatheriepbogimentof thgsintentione progasiag pipulsed yeltagedcommsiseyi ng t he
retepdio f C ne f j t r s i ng the

f unamen Pl AR BLHYe Buisth L ARG 36 el oyt A AAER LRI TGS T8
bat t eri ea positine pulséd volghge xhapel abd aafegutivecpulimveltage shape aud dadndher ei n.

Many nodi fi cations and of her enboﬁinents of the inventign set forth herein

wi |1 confistrputipR@f ths ROsEIVSIAUISed yoltaee apepid 4 distihubiAn ORINS Negddtf i on
pert ai ns oY Dol ShRNELICLi ALy 118 hERUNIARIRESRRAELHal ot and!GRCT 1 P 1 NS

1
herein a assocl at e ngs. be appreciated by those skilled
i n the antgativapulsbdnglepecoaietbrbe nade 10 to t he enbodi nents descri bed

Ther 8 or e, 1t FIG: GRASHER BGEHASH STRTEREHOBARURE T Bt O st LEEE (5% he
particul fihd@BiRAAERthat Iths ebPPRPessBd hedotdihg td fhe MEIRSUslaRdLR deYicEBEikel Cat i ons
within the spirit and scope of the present invention as defined by the
appended inientions400 gersus the time to discharge for a lead acid battery that has not been so
processed 410. As the graph illustrates, the amount of time for discharging a lead acid
battery has been extended by more than about 150% by using the method and/or
25  device of the invention, effectively resulting in increased battery capacity.

FIG. 7 provides a graphical representation of the discharge times versus the
number of charge/discharge cycles for a lead acid battery that has been processed
according to the method and/or device of the invention 420 compared to the discharge
times versus the number of charge/discharge cycles for a lead acid battery that has not

30  been so processed 430. The graph shows that the overall life of the lead acid battery
treated according to the method and/or device of the invention has been extended by a

factor between about 1.7 and about 2.2 in comparison to the lead acid battery that has

not been so treated.

-24 -



THAT WHICH | S CLAI MED: 1. A bipolar overvoltage battery pul ser
conpri si ng: a pul se generator configured to produce a positive

pul sed vokbage/dsesa Snegati ve pul sed vol t age; a posidrhye/opirksed
vol tage driver configured to convert the positive pul sed voltage to a

ositive pul sed .vo ve ti.ve pul sed vol e driver
gonflgureg to%@BﬁV% qFﬁ“qﬁﬁﬁ geﬁﬁ??%gm@ﬁgﬁéﬁg“i \4 tﬁ%ﬁ%ﬁ?é%gﬁﬁlsed
vol t age M&@Je%ﬂg t}fér@cmﬁemk 284 Mﬁﬂotvﬁ@qhél k&&ﬁtidﬁtﬁﬂﬁpé&@fdfﬁqézﬁﬂacﬁ& ner ge
the positive pulsed voltage waveform and the negative pul sed voltage
wav ef or nbattery, the ﬂwbseﬂxmhdmgéhmamcmabmf tltlfolnapq!ﬂqn 15 Iabowppls@@levtol t age
wavef orm acr oss al.s.of a bi overvol t age
bat tery POFEBTTieed arid S ePamiBSE GiameleontyigR bate feedmgvata

m cr oL onhérein. er, mhereln the pul se generator is conflgured |n 15t he

m crocontrol |l er. he blpolar overvol tage battery pul ser, according

to claimi, mh/éafnenrnmilﬁeatmrsged gthseemb Mln@arﬁmﬂtb%gwan%ssef farth haseige

gener at o t. negative
pul se ge%%?ggk%gg@Hgi&Uyggﬂﬁkﬁlggéra et %hﬁgsgﬁ%éggb ﬁée oﬁ#& hg 204. The
bi pol ar baresfit of thzgeadhirtgs resented 31 thealesaipdiong htreircargi tive ssoviaesdei n t he pul se

generator conprises . an alternatlng inﬁﬁkter smﬁt?S mhereln(t e alternating

eskilled

i nver t er dEXings, IhMilbps apRIEGiatsH Hyd i theastithabehanges Gopid,bgymade
passyg hr gyigh emogglgenxé){iéseﬂﬁecﬁ@eﬁ%ﬂtﬂb\ﬁ?H%ﬁgtnﬂé’f@f?ﬁhé/ B{Jaagﬁvenm@ rein the

pass-t hrough pul tage 1's any one o positive pul sed vol tage and
t he negatoncepptheefl Vindrefons 1md1ndemtopd\tlmﬂﬂasl1r®5pudnssdlot/htrntageoth; t he ot her

f th itive. pul It dth t] | sed tage. 5.Th
b1 ol ar - BoLPyar pfadBRanse ol O cubadgs e e R e S e
posi ti veshpt geflscopt badR pilééeﬂ%vembnta{aeieﬂﬁa@t)y HR HppbsRd tfnkage driver each
corrpnses

15
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30a pul se shaper; and a timng generator, wherein the pulse shaper and the
timng generator are configured to convert a pul sed voltage to a pul sed

vol t age vwwoehorizsess 6. The bipol ar overvol t age batt ecy/mpeé13@022s€cor di ng
to claim1, further conprising: 5a positive voltage anplifier configured to

anplify the positive pul sed I % {: r d a negative voltage
anplifier configured to arrpﬂlw qﬁg W‘sed vol t age waveform
7. The bipolar overvoltage battery pul ser according to claim1, wherein 10

the pul sed voht age ANGREMHPEIRGOIMYe ba8ErnAluldef BShpAGRgPOSI ti ve vol tage pul se
having a | eadi ng edge and a positive pul se aonitu%e foll onwed by at | east

one negative aplisagengratos eonfegriredytosprodizicl a prgitedgalsed dokagesandta ve pul se

anpli%ude greién alris_e time of the | eading edge and a rise tinme of the
trail ngnéﬁfgé‘ RPlsed XS nss than a relaxation time of an electrol ytic

sol ution of t B?oﬁlﬁbé Blilded VSithol lieivet QAfEUr<AME YN dre@e positive pilsedll ser

according to claim7, wherein the rise tine of the | eading edge and the
ri se ti neoliAgettpa positive pRlgedveftaggrveavglsts one-third of the rel axation time.

9. The bi pol ahng ﬁ{v}ég){lj%%ggﬁggée;&rﬁ%rg&ltlﬁge/urrec?&)lcc%rn%rqgrrér?eggil% lZed wherein the

positive pul se a I e negative pulse anpll e are each greater
than a 20Qvieddeaga nepativeguiettveltyge waveforml;tandThe bi pol ar overvol tage battery

pul ser according to claim.9, wherein the positive pul|se litude and the
negatl ve pul s@PElspd volizes da=?teb@t3&ﬁ0%ﬁgur%@tm%rﬁ¢8&R%é“«?dﬁsggéw 784 he
battery. hevd G t Rutbselae&gs/Ldi ng to
claim 10,wa¥?1f8rr83flg%%eévﬁtgggfvaJ%gg%g fg\?/r?grétggd%ﬁ{ege ?:ty%l eaf requency such
t hat a pahd® applit the phlseth @ohigel veasforanacrpssseminas wbh bagaypul se and a pul se
wi dth of the at | east one negative voltage pul se do not overl ap.

2. The bipolar overvoltage battery pulser according to claim 1,
additionally comprising a microcontroller, wherein the pulse generator is configured in

15  the microcontroller.

3. The bipolar overvoltage battery pulser according to claim 1, wherein
the pulse generator comprises a positive pulse generator configured to generate the
positive pulsed voltage and a negative pulse generator configured to generate the

negative pulsed voltage.

20 4. The bipolar overvoltage battery pulser according to claim 1, wherein
the pulse generator comprises an alternating inverter switch, wherein the alternating
inverter switch alternately processes the pulsed voltage into a pass-through pulsed
voltage and an inverted pulsed voltage, wherein the pass-through pulsed voltage is any
one of the positive pulsed voltage and the negative pulsed voltage and the inverted

25  pulsed voltage is the other one of the positive pulsed voltage and the negative pulsed

voltage.

5. The bipolar overvoltage battery pulser according to claim 1, wherein
the positive pulsed voltage driver and the negative pulsed voltage driver each
comprises:

30 a pulse shaper; and

a timing generator,
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WO 2011/ 138038PCT/ EP2011/ 002250 12. The bi pol ar overvoltage battery
pul ser according to claim7, wherein a pulse wdth of the at | east one
posi tive wolzoagBsE8l se and a pul se width of the at | easPComP20eyet2s5ye
vol t age pul se each exceed the relaxation tine. 13. The bi pol ar

overvol tage batter ul ser,according.to claim?l, 5additionally conprising:
a control ler; ™ Ef‘%t}{‘)?\cpé‘iﬁfrsgﬁ%%an ék‘f%é MEFATFY é’ﬁe?%&l’rgéléegl&?éoévvg?tage of
the battery, phRE®VHlitage to a pulsed voltage whvigorgnt rol ler is configured to
identify a state of the battery using the 10voltage of the battery; and the

controller is configured to activate the bjpol ar QvervoLtaPe battery pul ser
based upon thé- st afl&ebipolareoveaioliags battery pulsqrpaccaudingiosdainy I.dvdhsrol t age
battery g&hgﬁm ccording to claim1l, wherein the battery is any one of a

| ead aci ery and a non-lead acid battery. 1515. The bi pol ar overvoltage
battefy pul sen pasitioe doltapetanplifier wodfigured tohamplify iy pasiting: ulsedl vodtgge anpl i fi er
configured to anpljfy the pul sed vol tage waveform 16. The bi pol ar
over vol t&’&@efggf"t@‘{/ pul ser according to claim 15, where the bipolar

overvol tage b%%%ge{t}@e%lltlﬁ% athplifis @afighed twaﬁlmi%me%%zhﬁrexpulsed voltagel 7. A

met hod for treatfng a p ality of batteries of° a battery pack, each
20bat t er yamefoimg a bi pol ar overvol tage battery pul ser, conprising
controlling the bipolar

7. The bipolar overvoltage battery pulser according to claim 1, wherein
10 the pulsed voltage waveform comprises at least one positive voltage pulse having a
leading edge and a positive pulse amplitude followed by at least one negative voltage
pulse having a trailing edge and a negative pulse amplitude, wherein a rise time of the
leading edge and a rise time of the trailing edge are each less than a relaxation time of

an electrolytic solution of the battery.

15 8. The bipolar overvoltage battery pulser according to claim 7, wherein
the rise time of the leading edge and the rise time of the settling edge are about one-

third of the relaxation time.

9. The bipolar overvoltage battery pulser according to claim 7, wherein
the positive pulse amplitude and the negative pulse amplitude are each greater than a

20  voltage of the battery.

10. The bipolar overvoltage battery pulser according to claim 9, wherein
the positive pulse amplitude and the negative pulse amplitude are each at least twice

the voltage of the battery.

11.  The bipolar overvoltage battery pulser according to claim 10, the pulsed
25  voltage waveform having a pulse cycle frequency such that a pulse width of the at least
one positive voltage pulse and a pulse width of the at least one negative voltage pulse

do not overlap.
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overvol tage battery pul sers such that not nore than one of the bipolar
overvoltage battery pulsers is applying an overvoltage at any one tine,

wher ei n twe 2bipak@s overvol tage battery pul ser conpri se®cT/EP2011/002250 @ pul se
generator configured to produce a positive pul sed voltage and a 25negati ve
pul sed vol t age, a positiv ul sed vol tage driver configured to
convert the pggi tivae Btﬂoiaédw_smoﬁag%{’%%%l’%%ﬁ e{%f’ﬂ’fgm&ff’scéadn\%l §é" Ravef or m
a negati Pﬁls@Wic&ﬁ@f_mél 4t 308t G pRTtiveVdlthgdip@se 4 £pNYSHidth betHeagMaktve pul sed
voltage 1o a negative pul sed vol tage waveform a pul sed vol tage

di st ri bubwe negative yoltags nudsereaelyexaené theoglaxptjen pmesed vol t age wavef orm and
the negative pul sed voltage waveforminto a pul sed vol tage waveform and to

ly the pul sed : , ;
P osi t1ve voltage |k SAOMIRNELAIEREEIATS phRLH PGt il ST | o

vol t age bhddifvedlgrasmpaisthg: a negative voltage anplifier configured to
anplify the negative pul sed voltage waveform 18. A nethod
conpri sing: pR&INERIRE #doosi tive pul sed vol t age wavef orm having a singl e

posi tive pul sg 0sARMACEANIcKRrRELRAT, HRkLAGS WAYSS AT BaYg @ single

negative pul se; and applying the positive pu tage waveform and the
negati ve pul sederedh:it age waveform alternately across terminals of a battery.

posi tive pul sed- vt ARISURGPPTEIE [hehiyd e Op TR T o B vaver or m
intoy@ 15pul sed volvbﬁ%% JraNeb&atd® pnidor to applying across the termnals of
the battery. 20. The nmethod according to claim 18, wherein applying

the positive pul sethegsintraller issorfigurad tmartivale thebiaplay everyblege hagetyage

waveform al ternatel y, across terpinals ny one of a lead acid battery and
a non-lead acid baP%E?&’aseguponmes ?O%S%ﬁ%?rﬁbd according to claim 20,

wherein the positive pul sed voltage 20 waveform conpri ses a | eadi ng edge
and t he negatilye pdihs®ibolal dvep@ltaps Bitarypbisst dvgomridg teidldimgl ,edgeeiand a
negative pul se anplitude, wherein a rise tinme of t,h% | eadi ng edge and a
rise timihedriteRasppypns pfa lead acidrhatieryand anan-lead acid baleixat i on time of an
electrolytic solution of the battery. 22. A method conpri sing:

15 15.  The bipolar overvoltage battery pulser according to claim 1, further

comprising a voltage amplifier configured to amplify the pulsed voltage waveform.

16.  The bipolar overvoltage battery pulser according to claim 15, where the

bipolar overvoltage battery pulser is integrated with the battery.

17. A method for treating a plurality of batteries of a battery pack, each
20  battery having a bipolar overvoltage battery pulser, comprising controlling the bipolar
overvoltage battery pulsers such that not more than one of the bipolar overvoltage
battery pulsers is applying an overvoltage at any one time, wherein the bipolar
overvoltage battery pulser comprises:
a pulse generator configured to produce a positive pulsed voltage and a
25  negative pulsed voltage;
a positive pulsed voltage driver configured to convert the positive pulsed
voltage to a positive pulsed voltage waveform;
a negative pulsed voltage driver configured to convert the negative pulsed

voltage to a negative pulsed voltage waveform;
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25produci ng a positive pul sed voltage and a negati ve pul sed vol t age;
converting the positive pulsed voltage to a positive pul sed voltage

wavef or mwodoiimasasegati ve pul sed voltage to a negative pulraedonobiage
wavef orm merging the positive pul sed voltage waveform and the

Soannl yi g« né ppirre s es BHERSREb R BngEe e mis R PO 1Ok ary. o
2011/ 138Q33864h Eﬁaﬂﬂeide%%\?é@n?ed voltaé@wa%t%nﬂﬁﬁtb%cbﬁs“ea%ﬂhg@wh%féhﬁi m 22,
ify

additionally conprising a in t least one of the positive pul sed
vol t age ard/tofapply the ipulsaé yaktageevansieravacrossitempingla € f batigryand t he pul sed
vol t age wavef orm

produci ng a p8§) Pfilti\‘;% v%laa[gé feh'g]é[{?%r E(g% : oug%(g&);o rPceﬂgtgtq}l1 e'\[/éos([i;tij‘%isﬂen é% \% E)Vlongééée a

conpr§ sesavéfongy &id ng a pul sed vol tage; and processing the pul sed voltage,
alternately, into a pass-through pul sed voltage and an, inverted pul sed

vol t age, wher 8inggatiys voHage amp opfigued tQ/@)‘Fngﬁ’ethF gegatye Myiscdvoliafe positive
pul sed vgkkgﬁﬁnand t he negative pul sed voltage, and the 10i nverted pul sed
voltage is e other one of the positive pul sed voltage and the negative
pul sed vol t age. 25. The nethod according to claim 22, wherein
converting thé8posiA methodubspdsingl t age to a positive pul sed vol tage

wavef orm and the.pnegative pul sed voltage o negati.ve pul.sed voltage
Naver or m compPISibne s pontf RuSEhusiise sl phVal R T espes G PiRe negat i ve
pul segl vahd AQRHVEPRBED VHBIgY WalkRorm RNRIdd YifglewbsRfe\aldeaa] shape and a
negati ve pul sed vol tage shape; and

applying the positive pulsed voltage waveform and the negative pulsed voltage

waveform alternately across terminals of a battery.

19. The method according to claim 18, additionally comprising merging the
positive pulsed voltage waveform and the negative pulsed voltage waveform into a

15 pulsed voltage waveform prior to applying across the terminals of the battery.

20. The method according to claim 18, wherein applying the positive
pulsed voltage waveform and the negative pulsed voltage waveform alternately across

terminals of any one of a lead acid battery and a non-lead acid battery.

21. The method according to claim 20, wherein the positive pulsed voltage
20  waveform comprises a leading edge and the negative pulsed voltage waveform having
a trailing edge and a negative pulse amplitude, wherein a rise time of the leading edge

and a rise time of the trailing edge are each less than a relaxation time of an

electrolytic solution of the battery.

22. A method comprising:
25 producing a positive pulsed voltage and a negative pulsed voltage;
converting the positive pulsed voltage to a positive pulsed voltage waveform
and the negative pulsed voltage to a negative pulsed voltage waveform;
merging the positive pulsed voltage waveform and the negative pulsed voltage
waveform into a pulsed voltage waveform; and

30 applying the pulsed voltage waveform across terminals of a battery.

-29.



timng a distribution of the positive pul sed voltage shape and a
distribution of the negative pul sed vol tage shape respectively into the

posi tive wolhwadizyokt age 20wavef orm and t he negative pul ped/prediage2so
wavef or m 26 The met hod according to claim22, wherein applying the

pul sed voltag orm acyoss term als f pe of a.lead Ld battery
and a non- Iea 3aci gjh ccording t ?’é pr& 8% a%ocf‘&?rbﬁl%mflgla@?r}ﬁ m 26,
wher ei n ah%ad%hé6fﬂth»é%§ﬁ9@p3t§emﬁg@rm&mmf iifSfegativd AASId WiRgposi tive
vol t age pul se having a | eadi ng edge and a p03|t|ve pul se anplltude fol |l oned

by at Iea@vdbne, ¢ pulsed/voltaggevqyefosm. having a trailing edge and a
negative pul se anplitude, wherein a rise tinme of the | eading edge and a

0 e O 58e AR5 B3R LV DAL AN R AR ©f o
5  voltage and a negative pulsed voltage comprises:
generating a pulsed voltage; and
processing the pulsed voltage, alternately, into a pass-through pulsed voltage
and an inverted pulsed voltage, wherein the pass-through pulsed voltage is any
one of the positive pulsed voltage and the negative pulsed voltage, and the
10 inverted pulsed voltage is the other one of the positive pulsed voltage and the

negative pulsed voltage.

25. The method according to claim 22, wherein converting the positive
pulsed voltage to a positive pulsed voltage waveform and the negative pulsed voltage
to a negative pulsed voltage waveform comprises:

15 shaping the positive pulsed voltage and the negative pulsed voltage
respectively into a positive pulsed voltage shape and a negative pulsed voltage
shape; and
timing a distribution of the positive pulsed voltage shape and a distribution of
the negative pulsed voltage shape respectively into the positive pulsed voltage

20 waveform and the negative pulsed voltage waveform.

26.  The method according to claim 22, wherein applying the pulsed voltage
waveform across terminals of any one of a lead acid battery and a non-lead acid

battery.

27.  The method according to claim 26, wherein the pulsed voltage
25  waveform comprises at least one positive voltage pulse having a leading edge and a
positive pulse amplitude followed by at least one negative voltage pulse having a
trailing edge and a negative pulse amplitude, wherein a rise time of the leading edge
and a rise time of the trailing edge are each less than a relaxation time of an

electrolytic solution of the battery.
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