BIPOLAR OVERVOLTAGE BATTERY PULSER AND METHOD FIELD OF INVENTION The
present invention relates to a bipolar overvoltage battery pulser and method for increasing the cycle
lifetime and W& #038battery. BACKGROUND A rechargeable battery i® e Er@etidE&Mical cell
that stores energy, delivering 5 that energy upon discharge 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 commonly encountered problem with
rechargeable batteries 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 15extent 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
20the 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, {Hhgs e R AR YEITRUE BATTER Y PULSER AND METHOD
FIELD OF INVENTION
The present invention relates to a bipolar overvoltage battery pulser and

method for increasing the cycle lifetime and capacity of a battery.

BACKGROUND
A rechargeable battery is an electrochemical cell that stores energy, delivering
5  that energy upon discharge 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 commonly encountered problem with rechargeable batteries 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



decline in capacity of lead acid batteries is associated with a progressive change in the nature of the
active materials of the cathode and the anode, which also contributes to a reduction in life of the
battery as WD 381a/18863t the ability of the battery to retain capacity. The ikiGiAIER2ae180A80surface
structure of the cathode and anode is porous 5allowing a greater amount of the active material to

become expeinid 18 tagaeity QMeidgelebinbriesqt Higdeattedywis Aindbiaiydcklaigorsthrultiple
discharge and recharge cycles, the surface Strt;f:l(été"e of the cathode and aigtné)?de [ iressively becomes

increasinglJ RIS A5 yrogateraly Qb s ahger aed thepredecwhird siasn {8 DAtact of the

active matgg@hsith taielestiabybasaliomvell thealatiehy (HOABIRM ISR hetpriofoadtinreduce these
effects in a battery have been directed to improved battery (E:Eélrge cycles thatr[ii%glude insuring the

battery becSWRRERed B MR siRfs L HHS T Resh SRy a-f Hifcalhedaandt BRI Berating level.

Other batte/NSHRES EdatthaRbehast aaniel b enpaitRIneObehnrgeapshet toamesaasradingy include a
slight discharge sequence over theéég?%%of charging the battery. For 5exam%lg, .S. Pat. No.

5,633,574 focslgly§iotiheatetya Bl gon s fur e Aienanes 3 B8 applying a
sequence $aflésctieeartRRGmilisacontds chthalging, ahoddiprgassisvelyibecbaresng, 5 milliseconds of

discharging, and 10 milliseconds of no charging may reduce the extent of loss in apility.for the battery
o retain ul B ESEER GRS RATERIE DB BES TR L e AR5t 2oRg a
discharge, eharge ot rbiveariadrialavitibey sl arpledaisiinisiesfehatgingrgequence until the battery

b fully charged. U.S. Pat. No. 5,777,453 to | t ther ch
sequdficing strate R, U REGE FhISaETHee JaFRs AP A Bt BAR R ASTOTSLT by

owed by a rest
period whef improiiag dasapietgduicietatiachidg ssqHepcke Bafkepdatetiasdespiy the ability of
the battery to retain full charge capacity over multiple chargin les may also contripute to an overall
reduction iff ?ﬁ%egf%gr%%%‘f%??. I.lg?lf}fg Eﬁ%%ﬁ ﬂgtrgcl?)@qgn%%’ ggﬁfﬁ}%ligtﬁeg ét:)lat etr%:fo retain
capacity is bt lyhisrgess fiblee grtbmay doateointhigiateovef cherfitcant e doaike cpsessuitiyg in an overall
reduction in the |ife of.the hattery. 30During a charge cycle, the electrode lates attract
ions-negatilf& '%‘Lesatgflﬁ%t b%i%@é%?aet%uglﬁc ﬁgseﬁ%/leg i%%lgsopg%%%ﬁre%g?e?%a%%%{vev%br??r%pedes the further
transfigy of asnisi¢he Slakas. Ms H)e3Baikrydsaaniés kisasgechaagiipcsepsad érnfipedbatterylevelops
resulting in an increased resjstance of the battery to hecome cha . Eventually, upon completion of
charging ah Féﬂ%g) SoF gﬁailgasog\?éﬁpdﬁgbn ,%rsle ucﬁ/u I rl&?nlgvcﬁvé%sve%c@g g%lmtsaeg%%a,eog)nd cathode such

that the ratehatgiagstamifikensridstbfrelebtirging, Squilisttendte Hliselmsizingf 4hd $&me types of ions

away from 1 Sleciiad

St no charging may reduce the extent of loss in ability for the battery to
retain full charge capacity. U.S. Pat. No. 5,998,968 to Pittman et al. discloses

20  applying a discharge, charge, and rest period to a battery in a predetermined charging
sequence until the battery becomes fully charged. U.S. Pat. No. 5,777,453 to Imanaga
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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The equations of Boltzmann, represented by equation 1, and Nemst, 5represented by equation 2,
describe the thermodynamic equilibrium (the stable state) that develops in an electrochemical system
in terms of th®r2itld/ 181138 density of ions in the bulk electrochemical solutioPCT/ERe]1 r@hase to the
density of the same types of ions present in the surface layer of the electrode, Dome, in relation to the

potential diffganautMviiiidvelsy sxiRtsaPetvend tathBIRCHRENAMIAR] RALSIPRARLERE ibielectrode and

its mutual dependence on said ratio Dse/D.c. See, e.éh,thristian Gerthsen and Helmut Vogel:
Gerthsen PRyBRElergodss epriy vl wosiiraldR samedieea BiLoas s san & 9RHme ~ where: g

= charge otpgtgdgetron, Coulomb 15k = Boltzmann constant, Joule/Kelvin T = absolute temperature,

Kelvin
The equations of Boltzmann, represented by equation 1, and Nernst,

5 represented by equation 2, describe the thermodynamic equilibrium (the stable state)
that develops in an electrochemical system in terms of the ratio of the density of ions
in the bulk electrochemical solution, Dy, relative to the density of the same types of
ions present in the surface layer of the electrode, Dy, in relation to the potential
difference, (Vse—Vme), that exists between the electrochemical solution and the

10  electrode and its mutual dependence on said ratio Dse/Dpe. See, e.g., Christian

Gerthsen and Helmut Vogel: Gerthsen Physics, 19 ed., Springer Verlag, Berlin and

Dse D — e—(Vse_Vme )*%T W
(Vse o Vme ) - k% *In Dse D )

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.



DaDn" = ratio of the ionic density of the electrochemical solution to the ionic density of the surface
layer at the electrode at equilibrium (V" - Vine) = potential difference between electrochemical
solution andW@abattrafdesat equilibrium, volts At equilibrium conditions, the ByStdP{d B0ad1s) i.e., the
formation, growth or dissolution or phase transitions do not occur. At equilibrium, the flux of any ionic

species into the syxfapelayscat dhapinakeaythrieapreoraied fotkydqaiibumh sargual number

of the same ionic species from the surface layer at the electrode into the 25electrochemical solution.

In all chemit$» &y&tedadhErSadyie (FORER) (ohemisigy td e miem Al mtruetyee.-dahkn Mleyames E.

Brady: Gengrabfh RioietasRRIiNEipiesanmh Styiglsaudoiidtileded, Bansaipe Yrknpevmexisting
equilibrium is disturbed, for example, by imposjng a change in the potential at, tha#electrode, then the

ratio of the ddiRNEENRithTratra Rl aLthsHsrTiedr sheRith (SHORE tsHOMP St Q% Iayer at the

electrogle vdlbehactaenied s nEohadubibid WensRY difithe isupbicngdr Ihbdelaxatias wine is defined as
the amount of time needed for the system to arrive at a ne\g egquilibrium condition. gé’heﬂrelaxation time
Nnsi

constant, wHEREERNEAIR EIHERAYAYECRAILAB BrachicvaendineLlaratianitme is dehnedl by the

S?eﬁificldieﬁtlttfécaﬁﬂlﬂﬁ{ﬁ@fdiﬂwﬁékbé’dtm shesifitctDalecticphcoRsWatyiiYibbiolh ebndiidhare properties
of the electrglytic solution, Favorable conditions for phase transitions, i.e,,.for. iops from the
clectroyte RLERBLERAH oL BN CBREHEL A -08E I I U BT

supersaturgtagug i assysfieet dsnhe sfeemdtdieratiy tonseandiiade oy erasppiefisupersaturation

occurs when the potential \/s of the jons in the electrochemical solution 15is greater than the
cERUm I ORI e BRI HDICh 3o PRSI B e IR P (OLts)

Favorable conditions for phase transitions, i.e., for ions from the electrolyte
solution discharging on the surface of the electrode, occur when the solution is
supersaturated and the system departs from its equilibrium condition. For example,
supersaturation occurs when the potential V, of the ions in the electrochemical solution

15  is greater than the equilibrium potential V. 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).
(Ve = Vm) >0 &)

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).



There are two possib

ilities for addressing this supersaturation condition. One possibility is to impose a

potential on the electrode V. that is more negative or less than the potential of the electrode at
equilibrium Waeahilesti3d potential of the 20electrochemical solution is maiP€if3E1/828d5uilibrium

potential as represen

ted by equation (4). (V" - V.) > 0(4) The difference between the potential of the

electrode at equilipfpwanghihatretentizbabiinerircupaadmdaoihmaiay Batansiesascdewribed above
is known as electrochemical over-potentjal or the electrochemical overvoltage as represented by

25equatiorP 5!

dererbasynessursasfor thedeyiiatiop Sram il st abstam B BSuration condition

is by imposiggipbritie elH6kethE Nhe ahsel fiananaesiatMsdhapésshighredhaa the potential of the
electrochemical solution at e{tg']#iilibrium V" by keeping the potential on tfiaelectrgde V. at its equilibrium

potential VOEETYAliREH st

S RIS SO TRSAIE e ssocamiigh RaradrdBEffied in equation (3).

The two quesiitiisniiacend i pRbbaiitsatiodipRase eihsi nye paltageutasebeg@nsidered as
measures for the deviation from the state of stable thermodynamic iliprium. However, the mere fact
that the syéAnL?ﬁai’é %‘r‘é;gﬁ)'rafpe]&%’ﬁﬂf%% £HRagE IR %‘%?dqt}]}\%l%s‘égaﬁﬁﬁ\é@%f% phase
transition. Rathes Keskhtopdbiins)Neasy éie probability that a phase transition may occur. See,

e.g., Alexander Mijlch
Academic Publish@

ev: Electroc;}/st llization-Fundamentals of Nucleatiqn, and Growth, Kluwer

IRISHAEs2 needindhs Arh{an A0 RRALYS 9RE BRI SPSFAIRE Snd method

that operatgsiieé &bt sy the s Gfdbid wagpfhdibantihecaatieryrer giosece ninhg nd eidisaseand increase

10  the overall

life of the battery during the entire operational cycle of the battery, i.e.,

even outside the period when the battery is being charged.

BRIEF SUMMARY

The present invention relates to devices and methods for increasing the cycle

lifetime and capacity of a battery. Without intending to be bound by theory, a bipolar

15 overvoltage battery pulser and the techniques of the invention maintain the capacity of

a battery and extends the operating life of the battery.

In one aspect, the invention provides a bipolar overvoltage battery pulser that

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

-5-



10the overall life of the battery during the entire operational cycle of the battery, i.e., even outside the
period when the battery is being charged. BRIEF SUMMARY The present invention relates to
devices andWweehddBso¥8increasing the cycle lifetime and capacity of a battBEL/EVROIAR0R®®Nding to be
bound by theory, a bipolar 150vervoltage battery pulser and the techniques of the invention maintain

the capacitmdfiadiaiiaive phgxiensiaesiry aiinthliteied figsbationadsiofiecasnechndefinvention
provides a bipolar overvoltase battery pulser that include ulse generator that produces a positive

a
pulsed voltdPasi e Yolagsngdrs e eaNs RS DR oltage driver that converts the
positive pulsed 2Qyoitnem bokfl R0 itite: MNeat omIthg pIVRMRIPUTRea Negai/arpdisasduakage driver

that converts the negative pulsed voltage.into a negative pulsed voltage waveform, and a pulsed

voltage dishe8atOERAISATeYglash STttt dhs hRIAT AYSE¥ROHRRR PIFHATE RY 78 $RSGRSpulsed voltage

wavefgrm ipigse Halsachnelaaning sefRimdhatisréipnhe pagtosmpee dadntealmiigdeatrnsr25In an
embodiment of the invention, the pulse generator of the bipolar overvoltage battery pulser is
configured 3 £ REHEShiPoTRR VR 2t é{ﬂ%’@aimé’rﬁ'&?ﬁé’ HAgS A SF¥ Bulse generator of the

bipolar overvoltagpbaitei dlselinambddisitve prike Beontiaindpatigieearsiagdhemplisisive pulsed
voltage and a negative pulse generatar that geperates the.negative pulsed voltage. In yet another
gl ARG HeERE el

embodimeARSAAEE3HY LREE PP g\’%ggsghvﬁ Seding'lage wavslomhaiferein the
pulse genefladorcgaies pigised pulsad valtagerih)ecspettiading Invesiting sthitekRabedinielyspocesses the

PRSI e o e ol o e pueedoloce and he
In an embodiment of the invention, the pulsed voltage waveform of the bipolar
overvoltage battery pulser has at least one positive voltage pulse defined by a leading
edge and a positive pulse amplitude followed by at least one negative voltage pulse
defined by a trailing edge and a negative or inverted pulse amplitude. Pursuant to this

15 embodiment of the invention, the rise time of the leading edge of the at least one
positive voltage pulse and the rise time of the trailing edge of the at least one negative
voltage pulse are each less than a relaxation time of an electrolytic solution of the
battery. Specifically, the rise time of the leading edge and the rise time of the trailing
edge may be about one-third of the relaxation time.

20 In certain embodiments of the invention, the positive pulse amplitude of the at
least one positive voltage pulse and the negative pulse amplitude of the at least one
negative voltage pulse are greater than a voltage 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.

-6-



and the negative pulsed voltage while the inverted pulsed voltage is the other one of the positive
pulsed voltage and the negative pulsed voltage. In an embodiment of the invention, the positive pulsed
voltage drive¥@pd thasagsyative pulsed voltage driver of the bipolar overvolt&ga/Bagen/opeaser each has
a 5pulse shaper and a timing generator wherein the pulse shaper and the timing generator are

configured to conygriApbeathliRASHE i RNEEH, VRUBER WAYRIPIBliage HRHESYGNTSP Certain
embodiments of the invention, a positive voltage amplifier and a negative voltage amplifier amplifies

the positive'piiaeJendgeid s Aaete heghadisiisl e s tios, drs P pectively. In
certain othgr.eRhiedrenteroiplibennyandiantheyelipacormmiiasamplifiss-lbadudived voltage

waveform. In an embodiment of the invention, the pulsed voltage waveform of the bipolar
overvoltag(?‘ﬁ&’t’&%)-pulser has at least one positive voltage pulse defined by a leading edge and a

positive pulse amplitsigeafplioNRdibeats 0RshO R angati ReBIiRUR Busodiaiaediraitadng edge and

a negative or inverted pulse amplitude. Pursuant to this 15embodiment of the invention, the rise time

of the lead Mg egY SHHAR isrdusstiy Htsssalad B ARe RALE¥End the rise time of the trailing edge of

the at least one negaliver\RiisaoptisariéntiaaipliestitRancthiriaratieBatime Dbatesledialytic solution
of the battery. Specifically, the rise time of the le %izn edge and the rise time of the trajling edge may
himspi o st

be about ofB%A FNEBHAM DRt TSR RS ArRaREDOHEGRY i5IAP e positive pulse

amplitude efsthe ablgakl @verveRipEhiakagpuIsisofihd theehtgativeneriasaraplil digetintbe at least
one neé;ativ voltaﬂ?lf pulse are %reater mgﬁﬁa voltage of the battery, for instance, at least about twice

the vdRagedt Bt ind Ao AR S BPMLORRBHEAPAT Niise cycle frequency of the pulsed
25voltage waveformyist sehéiaindbpulaenidihief theeatilen st nen e siieeyeiagehitiy of

batteries with each battery of the plurality of batteries having a bipolar overvoltage

battery pulser of the invention, includes the step of controlling each of the bipolar

overvoltage battery pulsers such that not more than one of the bipolar overvoltage
15  battery pulses is applying an overvoltage at any one time.

In an embodiment of the invention, a method for treating a battery comprises
the steps of providing a positive pulsed voltage waveform having a single positive
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.

-7-



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 oneWiegativasedtge pulse exceed the relaxation time. 30In anothePE€FHERYiteR2660 the
invention, the bipolar overvoltage battery pulser additionally comprises a controller and a

measurement devige ibanaasdiemineoatiagavehiism bndensuida suanidaithiarphediment of the

invention, the controller identifies a state of the battery using the voltage of the battery and activates

the bipolar B6steBIf{geplifaneherrstive aulsshvpltagereys ke negatixephlsathodiment of
the inventiqp) i Wﬁoé%ﬁﬂ,e&v,qmﬁ)@énemwﬁﬁéfﬁ@tmgeadeaﬂki@ﬁi,dahﬂmwn%tmmembodiment

of the invention, the bipolar overyoltage battery pulser may treat other types of batteries (i.e., non-lead

acid batter¥Y28i ANt ERRR HhBbLM the mETEREREYHYRULIED Mo s VeV B Bulser of the

invention is)diasity puisa Asiehpdtistrsrhattery. Another aspect of the invention provides methods
for treating a battery. In an embodiment of the invention, the method for treating a battery includes the

step of using a bidBISFRBRRLGESNEA, ALRYHIPR: TEARAEHCBg RIS Brthottetime 100f the

battery and.gmpiiityiné Hiepbatiepnipatridin sapatipltage khiProntins topatkeaardiail)e invention,
a method for treating a plurality of batteries with each I%%iery_ of the plurality of batteries having a
bipolar ovetfSMae hAfl? parsahius pHisdivnltages %%VSYEGSDBI‘ MoHHAEE XS he bipolar

overvoltageHeaitss Rideshpale intapetisnaie dhadome phiR dindkrdoxaygitage thebattery pulses is
applying an overvoltage at any one time.. In an emﬁodi ent of the inventio(rﬁﬁmethqd for treating

a battdly cOfgEPHRILXYLAsE HBditA Y StrhRIsSH KR tHARSI S e DERRIBR HADMBCS ENfyle positive
pulse and picedisidpdsnd MRl RgaiNavaineg beldipg.a single negative or inverted pulse, and

lying th iti Ised vol ' I 20vol f I I
2ppying he posite pulsed vgage waveloun a0d 6 npgalie Arlsed 20uplaas puprom ltemately

comprises the steps of shaping the positive pulsed voltage and the negative pulsed
voltage respectively into a positive pulsed voltage shape and a negative pulsed voltage
15  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
waveform and the negative pulsed voltage waveform.
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;



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 theneaxefigrasesdcross the terminals of the battery. In another embbdiFfERr bf/eh2Hvention,
the single positive pulse is defined by 25a leading edge and a positive pulse amplitude and the

negative or invertgg@uigeiifudeing AP ¥ ackaine RUBEIAEANepAticatME s ampbligRntbeertain

embodiments of the invention, a rise time of the leading edge and a rise time of the trailing edge are

each less tAXRURE ATRIHirriAnd smuisehbraliaps diibBarth dipatas Qvervaliagmbaitiiient of the

invention, $REINEEROPHRESRS 0ensisRs of producing 30a positive pulsed voltage and a negative
pulsed voltage, converting. the positive pulsed voltage to a positive pulsed voltage fgg\veform and the
R

negative pulsed v6tSyd ot ustgleman SRSk AHa R IR AR RFRGIB& AR B8 50i4d voltage

waveferm arsigbrineeasa4pd satar) RS rev@opR ke idiHEeA ssipasigyeform, and applying the
pulsed voltage waveform across terminals of a battery. .In another embodiment of the invention,

| y 3
the method M OREALRLRA VRS S THE S 5 YliBg “Positive pulsed voltage waveform and
the negative pulseri@olidga pavsienve oleWciptbaibodiReaingRowdhevipventivrrasialitying the
pulsed voltlage waveform that includes the merged positiv I‘s)ed voltage waveform and the 5
g

ifive pu
negative plIREErYBitiss fdberyssent mYﬁ‘E&ﬁ’aﬁW%ﬁi@i\”ﬁBﬁ& 3t'#i& invention, the producing step of

the method compiiges this stelpslodagraraiingteanbises stiadienstlaidedasigitichaviggd voltage,
alternately, into a pass-through pulsed voltage and an inverted pulsed voltage, herei‘rr‘:ége
pass-tArougHRlISEa Rggé RSO Rae SRHIRDOBURRS IS SORADA S0 6B AP Bulsed

voltage, angfthatgrvested pulsed voltage is the other one of the positive pulsed voltage and the
negative pulsed V%Jfgg%is a graphical representation showing the time to discharge for a battery
that has been processed according to an embodiment of the invention versus the time
to discharge for a battery that has not been so processed; and
15 FIG. 7 is a graphical representation of the discharge times versus the number of
charge/discharge cycles for a battery that has been processed according to an
embodiment of the invention compared to the discharge times versus the number of

charge/discharge cycles for a battery that has not been so processed.

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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In certain embodiments of the invention, the converting step of the method comprises the steps of
shaping the positive pulsed voltage and the negative pulsed voltage respectively into a positive pulsed
voltage shapeO2td1a 3tedtive pulsed voltage 15shape and timing a distribuR6i/BP2AELHBZIYe pulsed
voltage shape and a distribution of the negative pulsed voltage shape respectively into the positive

pulsed voltagemuavRinimenedhe he Fasepuisadll bl agdsravedatint relatitheraspests and
embodiments will become apparent upon review of thgé{%lowin description taken in conjunction the

accompanyTHEPdrS i EReoRrRAS O UEHRIB LT IFIAH AN LA LGS BER ik 8RR &R By the appended

claims. BReke ook BHRIEIRMOfs TiNku@Y BRhé MEuWS QRvilHe RIRIBMING that sudlaving thus

described the inventjon in general terms, reference will now be made to the accompanying drawings,
hich are (DR CERBANGF O AT REARE SRR PO B Bl TR A TEBT LRt on

compaging iaR RN RIRT vrevasviliagepUsiRgsael e dftprsldaaisr dsdi chr daitfiipaisep tabeattery in
accordanclj,with the present invention to the ratio of ionic densities in an electrochemical cell; FIG.
2 is a block 8HY&m illustrating an embodiment of the bipolar overvoltage battery pulser of the present

invention; 30FIG. BAbbdsinatas sitialgstiieal tirantidingradesaibedditilg aitlerrbadivernt of a
microcontroller of a bipolar overvqltage battery pulser of the present invention; FIG. 3B illustrates an
electrical cNﬁUﬂ‘lﬁQﬁfﬁ?ﬁ%ﬁ%%ﬁﬁﬁé’lﬁﬁg‘?ﬂ% FReie 87 abRE A RN GFPISHREg0E Roltage
battery puls@¢a0izdtecpibsdiniénueolitie, preseft invahtibhisate parscrl deiving| eridonatyliskghaim

representing an embqdiment of a voltage amplifier and a pulsed voltage distributor of a bipolar
overHiag ALl PIHSBASE (R SIRQBREIRTER tiphld appréciate vanatids from or

modifications to the shapes as illustrated in the Figures are to be expected in practicing
the invention. Such variations and/or modifications can be the result of manufacturing
techniques, design considerations, and the like, and such variations are intended to be
included herein within the scope of the present invention and as further set forth in the

15  claims that follow. The articles of the present invention and their respective
components illustrated in the Figures are not intended to illustrate the precise shape of
the component of an article and are not intended to limit the 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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FIG. 3D illustrates an electrical circuit diagram representing an embodiment of 5a bipolar overvoltage
battery pulser of the present invention comprising a microcontroller, a voltage driver, and a voltage
amplifier; WRIB1KXIBsedPerspective view of an embodiment showing a bip®ar&P2evonezsshattery
pulser of the present invention integrated with a battery; FIG. 5 is a block diagram illustrating an

embodimepbektheaneatinhiaving afdbhnliticphiiropul RUeryREE & halehn Pallseikedtegrated with

a corresponding number of batteries; FIG. 6.is a graphical representation showing the time to

discharge Rl distyibHiarHhat sReng e theoRresiti yep ybags svsdarmanddhmregAiNion versus
the time to gliseliEveRAQ FPltern ted ApnRed ReRAsoRFTeasadaeRGISIRIGadt dssatgraphical

representation of the discharge times versus the numbgr of charge/discharge cycles, for a battery that

has been proBuRalsPE bRy A drPRissliynanaBtRRESHvEhEMEMPRLl eRedilharge times

versussthe pulseasrodhgbavaeitisahangenyaieador pllsttenpiiagt has eRrbeat SO hilesgssed.
DETAILED DESCRIPTION OF THE INVENTION 20The present invention now will be described more

fully hereinXAHR8KNAYER B hce to the accompanying drawings, in which some, but not all embodiments
of the inventions gieaghumbibdiRier srdiRMbegineaNtaOpie Kemiion meydecogfigiRarinut this
invention may, however, be embadied in many different forms and should not be construed as limited

to the embBUFFRSAEOLER R ARPEIAT BRBRAMARY e KA AR RHISGSAGEHL, that this disclosure

will be thoresiaprded spoMRie pand palidullyrcanveyidpaiseqnaseidheiaentiantethose skilled in the
art. The embaodiments of the inventipn are not to be interpreted in any way as limiting the invention.
ke HmbSRIRUESRES SRR Rt RESCE N CTRMEATA SR appended

claims, theigingtdasdarsnsha’aBéranc]yppebctisssagiutieplwitdgeiatonts poltsdpalsedtext clearly

indicates OEIQ) trz\i,éig g.hd the negative pulsed voltage. Without intending to be limiting, the
inventive device is particularly useful for increasing a cycle lifetime of the battery and
improving the ability of the battery to retain capacity.

15 If voltage pulses are imposed across the electrodes of a battery cell, a change in

potential between the electrochemical solution and the electrodes will be experienced.
In all chemical systems, for example, without intending to be limiting, a lead acid
battery, there is a tendency to change to the equilibrium state.

If an existing equilibrium is disturbed, for example, by imposing a change in

20 the potential at the electrode, then the ratio of the ionic density of the electrochemical
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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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 radiénshilg8Banother element as illustrated in the Figures. It wikGHERMEI&23HMthat
relative terms are intended to encompass different orientations of the elements in addition to the

orientation @ pleBES REMAIRACBANGI T8 Wie Sl Wil sarsssans! ikssusteterms can be used

to describe the relative positions of the element or elements of the 5invention and are not intended,

unless the BeioRUPEIRAtRS Ralansan distrhution s ahsargion (RmBRasHiYRY oKe8e BlSent invention

are describggidiggain ¥ithveiamRNsadtcaiRéhaaieaasiugs Winluais hersrRcsvthyipnE that are
schematic representations of idealized embodiments, of the present invention. As a person having

ordinary skilfsioaidhs elertipshampiral SOBHIRSh D AeifydeRy i L5 swikaee AsEAbHEfrom or

modifigatiopr¢gdhe shapraasulltbtialk pasithe Rigas ilsd s Rentoratitichpiacitiow the invention.
Such variations and/or. modifications can be the result of manufacturing techniques, design

consideratiB{iSIARRFIRI R SIS QARWA LTS RRSkIRHE QH e BlEe APhaRfh within the scope of

the present inventi@uhagders, iuitbairseltigeéndhtod 36k msoBatifapovd Byausiiicleaephate present
invention and their respective components i.II&thrated in the Fig(];%es are not intended to illustrate the

precise shafOLHRYISEAPAMMIREY RSBy iis Aas A AR ALY LR AE RERSS BY fhe present
invention. AlgnapepdpepilicdsppAarpeantiporedhewiildhalenpe et dpplaaneiicrans @0descriptive

sense only and not for purposes. of limitatiop. All terms, including.. . ) .
10 y1onlc ionic de%sgges Wslll decrease, gut after the pus etypegB is terminated, the ratio of

ionic densities will relax back to the value fulfilling the Boltzmann distribution
according to equation (1). The rise time for a negative voltage pulse refers to the
amount of time needed for the trailing edge of the voltage pulse to make a transition
from about the time when the trailing edge of the pulse begins to change to about the

15  time when the pulse is no longer being applied. If the rise time of the trailing edge of
the negative voltage pulse is less than the relaxation time of the system, then an
overvoltage condition is imposed on the electrochemical system.

It has been discovered that if similar positive voltage pulses, or pulsetypes A, at
a high frequency are imposed on an electrochemical system, one following the other,

20  then less overvoltage is achieved from the second pulse as a result of the inability of
the ratio of the ionic density of the electrochemical solution to the ionic density of the
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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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 WHIbHBIBBinderstood that terms, such as those defined in cReHERRPLISKE Gttionaries,
should be interpreted as having a 25 meaning as commonly understood by a person having ordinary

skill in the afhjchwhisiiddisd v Bhga-Pelones:digd Asplivdherthodenstgodithalstedimsy $oeh as those
defined in gommonly used dictionaries, should be interpreted as having a meaning that is consistent
with their rﬁ%%}?'ﬁﬁéj‘?ﬁ‘fﬁ’écé’(ﬂﬂgﬁf 6?%4&1?&&/8}6?%?9%0&&?18 &‘e%léﬁ{fa BUERLSSIA commonly used

terms will naipegidntery eigil dgandeaalizageor 30overly formal sense unless the disclosure herein
expressly so defines ptherwis invention described hereing?%lates toa bi% lar os/ervoltage

e. The, X
battery pulser. The' BSOS BW&QE%H&EWB&% RRSHEraly e SRS SEADREE denerator that
produces achasiive dstetirolihgaisnitsasnegaiiangisednbiageladvisat edagriikinisathat

ts th iti Ised voltage. i Ised volt int iti Ised yvolt
wawetorm AR SFHSSHTE Bh AN VBRI RS SLBRscRASE BTG es the

positive pulgebiietapadvafitarssancutidinedetaleduaded Mokagauinaireiaroventoleagellsed voltage
waveform that is applied across terminals qf a battery, and, optionally, an amplifier, which may
iy eSSBS OIAE RO EIEATBr AT S HRE S LR AT it or the
pulsed voltagéneteusddnmmber dhdresrdQditlichd dfdiva iovkatkbetibdepulae thesanaiaineay be
configured in a microconiroller. In another embodiment of the invention, th Ise gengrator comprises
a posgmve ptEFsgl ﬁlgﬁ{g?rﬁﬁcf’ 5&?86%&“%% et Vélél el%}so;ri.VY%yort: er il%:eér%g c%r(%rfﬁel%t%’e&ﬁﬁ{e invention,
the pulse gihaardioelewsicbiopcise an alternating inverter switch that alternately processes a pulsed

voltage into the pasitive pylsed voltage and.the negative puylsed voltage. Without intending to be
limiting, the inven(tjllf/héodl ice ﬁéeﬁé'ﬁ 8u'|g'rl§/nﬁlsee%ﬁ lﬁw%sré%;{L{sl}naéq %C%C/@%oﬁ?gﬁﬁ'gl%f) o %%éftery and

improving thelaityitwidlf ivve Haite mttielietionsapadiingliblbndltagesp itstearewmpeasedyaandss the

electrodes gr];eargtg?ttl?hrghceerlllér%)? E]c%lnsg?oirnexample, a positive hydrogen ion H," from a divided

15  water molecule may penetrate through any crystalline structures which may have
developed at the negative electrode. In a non-limiting example, in a lead acid battery,
the positive hydrogen ion may penetrate any lead sulfate PbSO4 crystalline layer that
may have formed at the negative electrode, and dissolute the crystalline layer by
forming sulfuric acid H,SO4 thereby replenishing the electrochemical solution while

20  leaving pure lead at the electrode.

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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potential between the electrochemical solution and the electrodes will be experienced. In all chemical
systems, for example, without intending to be limiting, a lead acid battery, there is a tendency to
change to tVe@e2(UilihdRGS state. If an existing equilibrium is disturbed, for eXRGhHE20/183268ing a
change in 20the potential at the electrode, then the ratio of the ionic density of the electrochemical

solution to ionic depsiféLf AR Batase fByekahie, argredeny lehasgrawtihanavoggulibrium
condition is achieved. The relaxation time is defined as the amount of time ngéded,for the system to

arrive at a RESFRYR RIBFRIGBRGS Tedvre damhes o tilfd HASILRCHTA YhHISPRYIES the change in
ratio of ionigiglensitieaersitt iNe rdduridpfinaddyviral s Hes icthictaatis. canssantayisied by the

specific electrical conductivjty, both of which are properties gf the electrolytic solution. A positive

voltage pulBEthendissoyssedchat cedustion in Sk BIrmansSHRT NS TSRS DS CPPIE WU ES by the rise

time ofthe pulseslwbichnEiReappidatnofahpiiing seadoddprolia:stailieoatgesoirtialvaltage pulse
to make a transition from ab%it tge(z 30 time when the pulse begi@s to rise tq about the time when the

maximum pRsiastRgdhs aYsTll iR by battery RV e lY SRRI¥IDE @ RO¥IRESVRILA%She relaxation

time of the gliggrmebeieadisyairits tTerbaneyematngmpenrditinnieiopnasedaiditienadaatiochemical
system, th(i:?n the io Ilg(?nsit)%;atio wijll change to a new valye over theh course of the relaxation time

based on tRAUFEITPHNYSLLY AR Rg diftraike Wirst Ry aHe B Me HsHRed <M dtion law of

equation (1jaepgsithichvieipgie PalkithilatisiRgvalauecsalingm it 2o eieetiachektitatsystam will cause
the ratio of the ionic d%nmsglt%v %e electrochemical solution to ionigbdeﬁsi of the surface, layer at the
i QRN Bk O

selechbde RORGESYE L WA A SR RISt dyged
electrocheridedisyistesnstoiielygle difecitay bbuic taitsrgrigidhaheilitprofnhstairery to retain

capacity is realized. In certain embodiments of the invention, the lifetime of a battery
may be increased by a factor between 1.7 and 2.2 as shown by the increase in cycle
lifetimes in FIG. 7. For example, in an embodiment of the invention, the method of

15  the present invention such as that implemented through a bipolar overvoltage battery
pulser of the present invention increases the cycle lifetime of the battery by as much as
about 10% in comparison to a similar battery where the present invention has not been
applied. In a further embodiment, a bipolar overvoltage battery pulser of the present
invention increases the life of a battery by as much as about 50%. In a further

20  embodiment, a bipolar overvoltage battery pulser of the present invention increases the
life of a battery by as much as about 70%. In a further embodiment, a bipolar
overvoltage battery pulser of the present invention increases the life of a battery by as
much as about 120%. In a further embodiment, a bipolar overvoltage battery pulser of
the present invention increases the life of a battery by as much as about 200%. In a

25  further embodiment, a bipolar overvoltage battery pulser of the present invention
increases the life of a battery by as much as about 250%.

In other embodiments of the invention, the method of the present invention
such as that implemented through a bipolar overvoltage battery pulser of the present
invention retains capacity of a battery by at least about 10% greater than the retained

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

-14 -



Conversely, an overvoltage condition may also be imposed by using a negative voltage pulse, or a
pulsetype B, which has an inverse polarity of that of the positive voltage pulse pulsetype A. During the
time while paleeiyIa Bd38applied, the ratio of 10ionic ionic densities will dedr€AFR 20Ut/ feasthe
pusletype B is terminated, the ratio of ionic densities will relax back to the value fulfilling the Boltzmann

distributiontCAOKHSih B @AM B AdatcT bigahl $Reliigi fRORAREAY\ET YQHRGRIBHERrHekderéafiBe amount of

time needed for the trailiniedge of the voltage pulse to make a transition from about the time when
the trailing BY§BESIHHESRAL BISEARRIE I HE B ehebasimetindciRolar fyeyakeek halifihger being
applied. If th@désfithe sretenttimiling ad e shapraatbe wlirepe hisedsiesdthas¢he relaxation time

of the system, then an overvaltage condition is jmposed on the electrochemijcal systeng It has
been discoSERIETHRN RS ARSI @%Il%?g%%’é%%‘?ﬁ?eﬁ%I‘é’é‘ﬁfﬁé@eﬁi?ﬁ?’g‘ﬁ@haﬁé’&ﬁ REY are
imposad ongsligiectrochemical system, one following the other, 20 then less overvoltage is achieved

from the second pulse as a reﬁﬁlé,of the ir},a ility of the ratio of the ionic d n%i%of the electrochemical
solution to the ionf® §EFIR TR PRSITFHL ! i PLRRNES RUISRGIFEAlSHCSAkresHs BRen further

discovereddiigt thfstime bTahe dHaety aal dreBy@ingdiybnetid o adit gapacityatiagdoulse, pulsetype
B, between the two positive voltage pulses, pulsetypes A, aJl.of which are alternately 25applied across
e eloctodBUHEL BEAIE) CE Ol RO NI, T2 B8 TPB P HRAH OLpER CRER M pLiscype b
functions tFi@seis thbledlediapaapet bytrthin p dlsetbedimanc P biperste s tigedb dtisrymemory
effect” from being, realized. It has also been. discovered.that through the "waiting time" or relaxation
o dfor PBITCEb (B LR S ARTRESFEf S ABIgPLoR AT BB ROREE ot withont
overlap in thttptisassendycbe prizvaas polsdsehadiog 20 fiagiatdechifespoyitenrgphisihgdhagéme the

postive vl BB R ATHA S AP SR TR SE B AT R ISALL I extont of
overvoltagelihptilseaehaapplodstodhtduaéibiy . a@viersotagel RpRRe chtorilier atieryliatll also allow for

additionally comprising an analog-to-digital (AD) converter 24, voltage monitoring 26,

15  and on/off control logic 28. Optionally, a status LED 30 may indicate the status of the
microcontroller 22 and/or the pulse generator 20.

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

a bipolar overvoltage battery pulser 1 having a microcontroller 22 that implements the
pulse generator 20. The microcontroller 22, in this exemplary embodiment, is an 8-bit

20  microcontroller based on the RISC architecture. The 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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higher frequency pulses resulting in even more time the electrochemical system experiences a
non-equilibrium state. Under equilibrium conditions nothing happens-i.e., there is no net effect of
5change to Y@ detidsdBemical system. Changes can be invoked on the el®EtTgerPRHiOarEW¥stem to
interrupt equilibrium by imposing overvoltage pulses between an electrode and the "cloud” of ions

surroundingrthgoRlaciodgny Bisdgshitscincan amanseiras ResvA witheuiner pasestRigetrical field force
acting upon the cloud of ions, which, at an increased number and energy, will be drawn to the

electrodes PAlsarbveliage ax beoted drreensrais Geas ViR sed ivelipar ARt RERRINE AP S the

electrode is,(wg%léer than the electrical force. Through higher velocity and energy, ions with
attached ions having opposite polarity_ will lose these attached ions resulting in an increase to their

own velocity and SRSRIFORIRE & R b HSIRYENLOD, AUl RYEFIGEETBTAE A rom a divided

15watgr molasedeyBlaPang uata i ankreysialioe SterdwRsprdtesénaehaisedeveloped at the
negative electrode, In a non-limiting example, in a lead acid battery sitive dro%g%’(eevn ion may

. the p
penetrate AR AESILAIRRESEE RIHsEd Miola R A pulsshyelagsn ‘eB&tVe electrode,

alnd diss;)lutﬁdtfghcllmﬁgadll inﬁlfgg@rskwmmosuﬁa e st ipdisead teighaneHenishitigdhe
electrochemical solution while 20leaving pure lead at the electrode. In another. non-limiting example, a
negative oSO fteca Wi aéhe\kf'é‘fgf?ﬁaoﬁ’élaﬁi WﬁT%’ﬁrftsri @ths78 R?ﬁ‘fé‘éedpd’i%ﬁfge Pb02

crystgls on\tbna@_ea'ﬁa@}@gegm Muieduiontgeding to be limited by the theory, less energy is required
o bl rge s Clls SO, Lot A omrenap L gigar Snumber of
positive pulsed voltage to a positive pulsed voltage waveform 34. Similarly, a
negative pulsed voltage driver 36 converts the negative pulsed voltage to a negative
pulsed voltage waveform 38. The positive pulsed voltage waveform 34 and the
negative pulsed voltage waveform 38 are generally defined by a pulse cycle frequency,
15  apulse width, a pulse amplitude, a rise time of the positive pulse starting edge, and a
rise time of the negative pulse trailing edge, respectively.
In certain embodiments of the invention, the positive pulsed voltage driver 32
and the negative pulsed voltage driver 36 each shape and provide the necessary timing
for the positive pulsed voltage waveform 34 and negative pulsed voltage waveform 38,
20  respectively. In an embodiment of the invention, either or both of the positive pulsed
voltage driver 32 and negative pulsed voltage driver 36 comprise a pulse shaper and a
timing generator (not shown). The pulse shaper and timing generator are configured to
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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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 aMAEA/BIRE® pulsing cycle imposed across the terminals of a B&taE)20 182230 of ionic
densities in an 30 electrochemical cell. The solid line 10 represents the voltage of the battery, the

curve 12 repigsefisih@éatie ahienicifansEes madhibtle e ariiaangaervd ohd 18% isnposed on the

electrochemical cell. The rise times of the El)‘ sitive voltage Fulse and negative voltage pulse are

representeBrBFTOURHLN G rdpspsabretne O5Lia Hime T of rbe dngB Ry '8 SieIXEF acid battery, for

example, thagieytihpiieasnstdirie sy iatalssactpadiegative electrode and the reduced number of lead
dioxide crystals on the positive electrode may result.in a reduction in the,overzllgge of the battery.

Also, it has been fOFFRIFHISIBRERSE STRBR MR AL I BYSTHRM U5 RARIY fRPLSEOlRES pportunity for
Soverwltadei wichidaiappiisaianpl v pbivee dhveraveiveitagbdlilaeinitgdsadesult in increasing the

overall life of a battery. By repetitively appl)@ln a positive volta%e pulse across the electrodes of a
it

battery, whiOR AL, SUSPAYJRE SEHBR CUBRTEREHE NSRS B SDplying a negative

volta?e putlfﬁ ac;fo%t ﬁm?ﬁlegﬁdgﬁlqﬁ@batlt?a/pwm@? &jnrset%e@nagw@vﬁmmﬁag@econgitéont ;o
counteract the effects of the 10 prior oyervoltage conditign, the memory, effect experienced by the
battery is rEA&EEYE HPES Yﬁ&tf’@&s@%egwé iﬁ‘?eaBT gega?fé?? akg sﬁ\"ﬁb‘fﬁ&&? e ry to retain

capacity is 40 alideslnbp aertin1epb agip1Fiis 4%, thaivhvantinpplivl Fetnpe wécsbpplgryandpbe increased

by a factor between 1.7 and 2.2 as shown by the increase i cle lifetimes in FIG. 7. For example, in

ane aBodiﬁ‘mQ}Ftﬁ%eiW ﬁﬁ%ﬂfafﬁg Pﬂé‘fﬁro%XBPqi'Sang %Fe lélﬁ'%}f[ﬁ%mi nﬁ?c#%?ﬂ%’t%?)lemented

through a biphlgeov€itelagaibatpatyedulstngd thevpfessanthienivenedreagad thpubygle lifetime of the

battery by as much as about 10% in comparison t imilar battery where the present invention has
SRR IO HEE e LB BIPo

not been aﬁBlf@&‘? Ay Oe‘?ﬁf)%e& al%fbfﬁ QW(%'age battery pulser of the present invention
increases the life @ha pedtany bulasdmoithgesmalveirn0%6. dndalieregatdepuisedimsniga bipolar

overvoltage battery pulser of the present invention increases the life of a battery, by .as much as about
7056, n a RAEPER AR S0 BF S ESCDRD DAeR SUTCEF LA S HBH o increases
the lifesof avaatédoynh ¥ 2sima phlasdaladtigt 008w boter fH0tben poikatiokage alistpiblatoovavuittage battery

pulser th resen i‘l‘/lv ntion.inrl ease, 0tge I'}‘gs%a bualgge(fxlg}/ as much as 0Lr1é 2}905{%" In a 25further
embodime ,%%ﬁgéir%vaé%gft%tgélba{tery BB §&r'of the presen%gnventlon INcreases etlll?g of a battery
by as mucta asmbimatidh@¥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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In other embodiments of the invention, the method of the present invention such as that implemented
through a bipolar overvoltage battery pulser of the present invention retains capacity of a battery by at
least about Y@WRYEEM38han the retained 30capacity of a similar battery wisI®/ERe0rv@esn has not

been applied. In a further embodiment, a bipolar overvoltage battery pulser of the present invention

retains capagpy M@&aﬂemﬁzﬁ@tdeamlag%aa%y%a&@r tinae dhprigiained capasitydof a similar

battery where the invention has not been applied. In a further embodiment, a bipolar overvoltage
battery pulS3SSAHel3RESWAY FhoBRS Sro T SRRSOl 405t aRP HS A AKOSS thn IS BRS6 greater than
the retainedfcapagdy of a similar battery where the invention has not been applied. In a further
embodiment, a bipolar oyervoltaﬁg battery pulser of the present invention retains capacity of a battery

n
by at least about PSS GRGiRF A tthe BesiHErE b RS HHILVE NRltAes & ?99H$éﬁgm&Vﬁ1vention has

not begn 5apRlge plilseaiiaippiRbasdivss s riinadnveni oatthe aulripe:sialelfby Meraasing the cycle
lifetime of the battery and/or allowing the battery to retain cgpacity may be invoked by a.device or
apparatus KHGHAIAR IURF £O% 1oy Meﬁﬂaﬁ@ﬁmﬁyﬁagﬁ% fglf?ﬁoa? 188Wgﬂéﬁ’gﬁfillustrating

an embodimeRlAf bablinelah yarisliage seaticiyrépryiated bymhiThi plRtveiembodient of the
invention, the bipolar overygltage battery pulser coma%rﬁises a,&ulse enera\'%or 20 f%{) roducing a

positive pultdSSthe AT XRUARRNREAYS BRgANEBIEIGFRRISE YRS esented by
FIG. 2, the jeylzecaaiesttl, 2q it endiburetdn thaniartagriteia ke guwsidverpersiatlahadditionally

compyising an analog-to-digital (AD) converter 24, voltage mapitoring 26, 15and on/off .control logic 28.
OptioRAlly, $AEH&E g@@@b%ﬁﬁ%ﬂ&&a@% et LS EAAP S HREIBP R pulse

generator Zalse cydle fRfubnciiatasmasetactiibalTiicuihdipgshiver ppraseviitgadévebsgiment of a
20, The miETSL SRR 58 PR e LR LI FE A L S B IB  ASTOUUNh BRCk Baced on the
RISC archimtageﬂdw;nﬂ&eamﬂcdlﬁé@iwlmdﬂtagy Wuveﬁﬁhosse@huigm_rthgd'ed tirsupport the
sy o copf s apS IRl il AR A0 g i aieD SR vorn
prograsn mefeehyrie ERRQM, ek atiputtintpcsnistdiersf theetécavohersjcascitlihidn do@in
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
3/4 of the relaxation time constant. In another embodiment of the invention, the rise
time of the starting edge of the positive voltage pulse and the trailing edge of the
20  negative voltage pulse are configured to be at most 1/2 of the relaxation time constant.
In a further 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.
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25channels; 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-diyita@ars8oisr 24 supply voltage to the analog converter ADCCPEERRIdeM12958 5-volt
supply source 104, which may be the same supply source as the 5-volt supply source 100 or a

different 5-volt supRMBEMERE RIS BEME AIVEINEIL I HLR RSST il PolRB/isugyided at Port C
PC6. The positive pulsed voltage 110 is gutput at P131 qf the microcontroller 22 while the negative

pulsed voltsigE e e and e TSR e HethiiRFSRUNE S 2 NG SORFHE SIRSIRRTBAR Ht%he invention,

the pulse gRNSIaken 2P BY BECSBEE R IRARIENECRIISBY Aoltag erabsinega by ehp HredtiGAage through
an electrical circuit_ arrangement, Any electronic circuit arrangen]gnt known in the art fo{raiproducing a

pulsed voltHiseisetime ofdba strgumerdes 2idsinos byiswitostryb e Attt htating sdestvoltage. In

yet angtheImResiRAe b RAFE IR IEIPUISE GEbeitinbdane el readipkdeasd uaitagmand an
alternating inverter switch alternately processes the pulsed v?ga e |nto g pas Eg‘érough pulsed voltage
it

and an invéRehsrsrabadipiengof e mutigndhg s iLng ALIBRIG RPBStive pulsed
voltage and:¢nagigsatyaniihe & yoikageioybifelb adpyeviedobuiseputsltagecimiiurities bé e positive

Crver 32 oOH 1L BESH DS GRS o QLD BELRVESTISE VEagE VIR S A e, &
negative puysge velfaeg edpes Shepovens tpargsilve Mmdshd vaillagetizadfapatiegalised voltage
e e A L R el e,
positive pulsftsiaiiegtedgeheaiddéntion, 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. In still other embodiments of the invention, the rise time of
the starting edge of the positive voltage pulse and the trailing edge of the negative
15  voltage pulse are configured to be at most 1/10 of the relaxation time. 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.
In an embodiment of the invention, the pulse cycle frequency is maximized and
20  yet should not be so high as to allow overlapping of the pulses of the positive pulsed
voltage waveform and the negative pulsed 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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rise time of the negative pulse trailing edge, respectively.  In certain embodiments of the invention,
the positive pulsed voltage driver 32 and the negative pulsed voltage driver 36 each shape and
provide the Wer2&Ar38638ing for the positive pulsed voltage waveform 34 aR6HER2N@EPIKed voltage
waveform 38, 20 respectively. In an embodiment of the invention, either or both of the positive pulsed

voltage driver 32 gng pagabiveveeised valiaae sipeesIReCpunniesral i larl sheparanteadining
generator (not shown). The pulse shaper and timing generator are configured {o convert a pulsed

voltage to i agsrsvselraitionms resonfithspsrieds T pngrbedinent aiddfam representing an

embodimeRintion RHIsSA daliagRidie/BEtheihe bindins eves\sTitagpastiespplsseand twherein the
positive pulsed, voltage driver 32 and the negative pulsed voltaF%eéd[iver 36 are embodied in an

integrated &fAEting 2dEegldhianeati Vo RUISS RIS ed sh tht FESE AT B BHERPRALKCER 305e

respedivelyinRybioib e btivpMesd ot gorvivd o hl eneaidsties bogid piwiddN of the integrated
circuit 122. The integrated circuit 30122 js supplied by a 12-volt sypply source 124 whose current is
restricted bYFESRIBF 126 KBS IQANS RGO s ERBIRE- 158 UG BESYEEH € apacitor 130 is

used to suppiititieddighofatiagRsactipuiet heliniegraiathdipeibl 2 Aefiaminguisitagn tefeyence 132 is
provided by the integrated cjrcuit 122 at output pin QUT, The positjve pulsed voltage waveform 134
and negati\y}é“p‘lﬁé}é?ﬂ?& AW I;\ eﬂhgﬁﬁ?r%emg)ﬂ’lt r @8%‘7%‘?'&%& the high side

driver outpiarific @ilpd shvhel geditive palsiatid e statpg il v Tihendgativapnlet Batligiztand low side
driver, gutp be controlled by the load capacitance, According to other embodiments of the
invenlﬁ)n, t#g &a&%eﬂﬂge%"\mgé@geﬂ ﬁ{}é‘?oéﬁﬁl?ﬂéq%éb%d&‘éeﬂﬂ%gé&?%tllfﬁ‘ﬁg’ NS HSy be embodied
in separatesegtifigwatioosthusdsaikcipuRyamd e hietioh ahiRasfithd magitatepalseuiat leasAs further
shown in FIG, 2, the positjve pulsed voltage wavefqrm and the negative pulsed voltage waveform may
be amplifiekicf%&ﬂg;% 6’:‘?3‘/?'58@@8%%%&?? FRPARPEHE %@é’h‘%ﬂ&&%’ éﬁﬁﬁlﬁ?&?’&?, fflich are
supplied byt peittdigsedd o & thehusitd e xxalspndhike\wtiagg o gec p dwearegapplypulsstidat sufficient to
enable the fegéﬁ)wgefvolta%esgof the positive pulsed voltage waveform and the inverted negative

a

pulsed volt Seeed the voltage of the battery.
15 In order to achieve an overvoltage, the pulse amplitudes of the pulses of the

positive voltage pulse waveform and the negative voltage pulse waveform should
exceed the voltage of the battery. In an 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 10% greater than the voltage of the battery.
20  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 20% 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 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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The positive pulsed voltage waveform 46 and the negative pulsed voltage waveform 48, whose signals
have been amplified, are merged into a pulsed voltage 15waveform 52 via a pulsed voltage distributor
50 or a pulsevoiegeseistributor circuit. The pulsed voltage distributor 50 apiiEP2he p0i2sd voltage

waveform 52, representing a combination of the positive pulsed voltage waveform 46 and the negative

pulsed voltaganuayaipsM miBn s oss theAeiohialspul & Raliinddo ke pilsdiustiatesoaniekectrical
circuit diagram representing an embodiment of 20the positive voltage amplifier 40, negative voltage

amplifier 42 °HAgERISEMAHALG NG O EY P Y Yig8RP YT MBYEIGE D L) FANER M ¥Bresenting an

output stagshdd0s0b b arRmPIardiResaaueakagehalier yheWateryn Bnatogiieembodiment of the
invention, instead of amplifying the positive pulsed voltage waveform aﬁa?the negative pulsed voltage

waveform, SRPpdIEERS Hitiyeiave iR s AP e BE haBukss QhEISRINC P8BS nother

gm bocgrge@hmetk?%m%mi@ﬂdtm% ﬂ@ﬁéﬂx\(@ poleag 16@1?%9\9@6?&?1}?% ang ﬁ;@ﬁ&‘ﬁﬁﬁ\é&)wﬂsed voltage
river 36 are con igured to provide the necessary voltage amplification of the positiye pulsed voltage

waveform gﬁd%%%?@ﬁ&ﬁég%lﬂ%e&ﬁ%éevﬁ ‘F@Fn?f ﬁ‘ﬁjbﬁgafﬁor}al %?)%’I’F&E‘i%%oé?ﬁ?ﬁecessary.

gOFIG- 3DI Uflthtfiﬁ%rﬁ[bﬁmﬁ&iﬁﬂlséiﬁﬁtﬂlidid@r@ﬂ&@mﬁ%@@iﬁ&%ﬁﬁ@dﬂw pilgebipolar overvoltage
attery pulser of the present invention comprising a microcqntroller 22 than pravides a positive pulsed

voltage and”&vﬁé%%’ﬁ\?é‘%mgé’&%ﬁﬁg‘éoﬁ?ﬁepﬂﬂ d\Rit %’é”dﬁ\?@ﬂ%ﬁ“ﬁ%ﬁ?ﬁé&e\%ﬂgﬁedriver 120

then providsstReftsitive pulsed voltage waveform and negative pulsed voltage waveform to an output

10 In certain embodiments of the invention, the pulse amplitudes of the pulses of
the positive voltage pulse waveform and the negative voltage pulse waveform are not
the same. In yet other embodiments of the invention, the pulse durations and pulse
amplitudes of the positive voltage pulse waveform and the negative voltage pulse
waveform are each adjusted allowing for the greatest possible extent of overvoltage to

15  be applied to the battery and/or the greatest increase in the cycle lifetime of the battery.

In an embodiment of the invention, a measurement device provides the voltage

of the battery and provides the measurement feedback to a controller that is configured
to reset the pulse amplitudes of the pulses of the positive voltage pulse waveform and
the negative voltage pulse waveform provided by the bipolar overvoltage battery

20  pulser to achieve a desired amount of overvoltage or a desired range of overvoltage.

In certain embodiments of the invention, the bipolar overvoltage battery pulser

may also include a controller and a measurement device, which provides a
measurement of the battery’s voltage. The measurement of the battery’s voltage may
be used by the controller to identify and determine a state of the battery. For example,

25  when the voltage of the battery is below a certain value, the controller may be logically
configured to identify the battery is in a charging state. If the voltage of the battery
exceeds a certain value, the controller may be logically configured to identify the
battery is in a full state. Other state identifications may be configured based not only
on the 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.
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stage 140 of the bipolar overvoltage battery pulser. The amplified and combined pulsed voltage
waveforms from the output stage 140 are applied across the terminals of a battery. According to FIG.
1, the rise timex20f1th3seI8sitive voltage pulse and negative 5voltage pulse aRCApBAZY HYSE the
terminals of a battery are represented by T. The relaxation time constant, which defines the time

needed for the ratihefypoicdensiisitae: leiaxiaalisa aneauiliRitasiateddsiRpipsentrd by T. The
pulse width of the pulses of the positive volljtgz];ge pulse waveform and negative voltage pulse waveform

is represerfZgBly Ttegrtsh Y R ARsAfi Rl Bhg o aRen rBodyRRRYS ik YA B arting edge

of the negasiyelatiseisslefiRashasy pliscrhfaasionidpriiarintecbaiayispicydallisadeny, is
represented by Ta_ _a. The positiv%g%lf‘ed voltage driver 32 and the neg%tiv pulsed Fg{é\)ltage driver 36

are configuPEPRESHHUYICY LR TR iRt |?Q§é"0<&%?8r?h°§ﬂ%ﬁ‘% BEY PRI B oltage
walvefgrn: %ﬂ%hﬁ{ﬁiﬁéh&fﬁ%@a%ﬂ?@ﬂi?}%m?iﬁvqﬁw%Qe‘i@lﬁf’g@e@ﬁiﬂ&iﬂﬁéﬁ‘tﬁ‘ tigeitiveatidiihe negative
pulse trailing edge 15are shorter than the relaxatign time constant of the electrochemical cell. In
certain embOUHRARE SHRRESRASHS 9 VY Ea@?im'aSSf Eh@%&ésrﬁsﬁél%‘?féget% ! §i§\1fé voltage pulse

and the traitag-efged tbaineghbyecro/Mane MUlsipstaconbptiktoatery hastsI4of the relaxation
time constant, In another embodiment of the inventiqn, the rise time of the starfjng edge of the positive
voltage pu|§8‘§Wd?Eﬁg%§rﬁr%eéH§mﬂ?éh§ ﬁ?ecb?i‘tﬁlél’%ﬁﬁ'g@;ﬁu & G fié‘ﬁﬂé o“gg i?nost 1/2 of
the relaxatipartignerpnaialddia dUshe e thbosisiepiapf Shebediensianihbipsrutioverodltgstarting edge
of the positjve voltage pulse and the trailing edge of the negative voltage e are configured to be at
oot 15 ofF SRS Sol et s N AP BNT TR T R SR rise tme of the
starting edgegitivehaasiyvevpiiagequise and the 25trailing edge of the negative voltage pulse are
configured to be a{xgi st 1/4 of the relaxation. time aonstant. Inc rtairf embodirpentifc])f the invention,
the rise time of the i Seeaﬁﬁglglfafﬁfeef%ﬁﬂ%%l A ng}rgéegﬁ the affé‘mﬁla'&ﬁ%%e fﬁeé'ynegative
voltage pulgelsseictntiginddmizd atithadeddholdbettain2000théinne oftisésbipdlacertain embodiments

of the Inverg)t\ll%rrl‘,,g tgg%sbea%tlcrenrﬁ S&lgré? isstglcf)ttI qgn?t%getoogﬁtl])/e tRPsStlyl\)/g cytalla%e}“ge?‘y. Rather the bipolar

15  overvoltage battery pulser may be used with and/or may be integrated with other types

of rechargeable batteries as well. In an embodiment of the invention the method and
device of the invention may treat a lead acid battery.

The phenomena upon which the device and method of the invention are based
would be useful in treating other types of batteries, other than lead acid batteries,

20  where these batteries are characterized such that they would realize an improvement in
the extent 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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30pulse 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 Wét2Jd/B#IE8 and the trailing edge of the negative voltage puls@GFEBMEIEA2B0t each are
configured to be less than the relaxation time constant. In other embodiments of the invention, the

rise time ofathgnRaRitly e-RYISBSaiING@das shdrihpeise iaruekiitt-nnprtyenatisadrilnewdge are
shorter than the relaxation time of the electrochemical cell. In certain embodiments of the invention,

the rise tim@F figidnsientadfenybishdhs posnven 8RS pulse and the trailing edge of 5the negative
voltage pulse are panfigused e dtiorstieahiRatetmtinastvned ihaeihgeyrodiment of the

invention, the rise time of the starting ed,ge of the positive volta ulse and the trailing edge of the

negative valtagaBuibe wiae W sl bt o Lbrpiar ?)@Wﬂf?&?&%&%ﬂbﬂ“ﬁﬁﬁ@ MeYhther embodiments

of the RventiRprihd Haentinee Béshengiagingnisige Pbierkasitivesvpllagewel sappiy dhedieiting edge of
the negative 10vo|taﬁ:e Q/gulse are configured.to be a n&o:}éM of the relaxati\?él time. In certain other

embodime Rkt FRETHOBIFP AR S tmé brind St dPE ey tRech i@ Bltage pulse and the

trailing edgevaictipitiggbisoraliaaswhageasereon huliad 0,512] 31958163 afihpaidaxstion time. In
still other embodimenés of the invention, the rise.time of t eg% rél;% edge of § sit'%,e voltage pulse
e

and the traitiny 2tfye’6f e h iy He0oRage i akedrs tBdsechSnthst BrRRte
relaxation tgnaviiltagedraaeipqrimastsiof B12)31an8es ke dispiiieviththesiaving 8dge Dhdhe positive

ol s S G e of e et voege e re Al nt b are conture
maximized arivalaml htatdpididee B0 2314 3ll6wveyehibp ppgating papiddes tiehe positive
Lk 10 7o M 1 ) FR AL s A R R ARG R
by having more than one bipolar overvoltage battery pulser 310, 312, 314, 316 in
operation at any one time.
15 Another aspect of the invention includes a method for increasing a cycle
lifetime of a battery and/or allowing the battery to retain capacity. An embodiment of
the invention includes a method of treating a battery with the use of the bipolar
overvoltage battery pulser of the invention.
Another embodiment of the invention 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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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 exdEet®th@3pesxation 25time. According to an embodiment of thePiivairont/ehz2ulse
duration is at least 5 times the relaxation time. In another embodiment of the invention, the pulse

duration is @hiefstnO tHREH HiRielasativaiieat bT el aneivnembastimeaicehipasavention, the pulse
duration is at least 20 times the relaxation time. In still yet another embodiment of the invention, the

pulse durafiStPlERne s R Xoliage Maveism dRRAMEAR QAR AR ARAREN M S-ABPIHE M ention, the

pulse duratipgssitileasiléd o & sebRsatiamdithe nepatfustharsemandigeaniwftiminvention, the
pulse duration is at least 50 times the re@xf?éion time. In a further e%%o,dim nt of the invention, the
pulse duration is 4fIARSHEY FRLRLHE FRNERIRS thimethod aqditionally GOMBHSESe starting edge

of the posithredueing apaided skiting dugther faestiagativibipeiabidisnnec detianehtioa,period. In an
embodiment f'g'le iﬁ;\?/ention, the amount of time between the starting .edge aof the pgsitive pulse and
the startingpggsﬁ P MRS RAMPEIRE A RS D54 SO AN R RFT ST RIS DERIBER the 5 pulses

of the positiv@ puisgstivelfrgsedvayiigen and the negative pulsed voltage waveform. According to an
embodiment of the invention, the fime between the starting gdge of th sitjve pulse and the starting
edlge of the negat AEADBILER EPRALEER)  bH i EPSERRR FREHBTTIE SRA TR BRI Adon. the
time betwegenthgtsigdipaledoeothiand o pitgatanpulbaisiatiige, attgmafelyeinroapusspulse is at

least 101/3 of the period. In yet another,embodiment of the invention, the ti t the starti
edge thet%&lﬁ%ﬂ?lﬂﬁﬁ e }{88&8 %iﬁﬂeéﬁeggepb'%ﬁ%vr? Hhive ?If%]él fE%P%§§$%W er’lhe%ér%dl.nlgn

still yet anophieevbledigieningfdhe df vienpositiepinedoasinag uiiitistaiéngieegelsédhe positive pulse
and the stafig sdge Alihe negaveibuse o o st S PGPStk Pl PSRt e o
the negative pulsed voltage.

In another embodiment of the invention, producing a pulsed voltage 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 waveform and the
negative pulsed voltage waveform.

20 FIG. 6 provides a graphical representation showing the time to discharge for a
lead acid battery that has been processed according to the methods and/or device of the
invention 400 versus 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.
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positive voltage pulse waveform and the negative voltage pulse waveform should exceed the voltage
of the battery. In an embodiment of the invention, the pulse amplitude of the pulses of the positive
voltage puls&®2naftdsn3and the negative voltage pulse waveform is at leasP@BERRIOMGEAter than
the voltage of the battery. 20 In another embodiment of the invention, the pulse amplitude of the

pulses of the positygikoliRge RuSsHaRMBIRTI B’ dRADRRAINE JOikRIBVRHISSHWAY BfRIEr Ve at least
about 20% greater. In another embadiment of the invention, the pulse amplitude of the pulses of the

positive voRhieTsameathesisimdpamsand dnnveving i pisrtion ol sppantty of felsad a68Lt 50%
greater. In pagtherrmhesinant AidimnyeriaRatia@dpsisaamaiiiteg Rfde Mppseatt toe positive

voltage pulse waveform and the negative voltage pulse waveform is at least about 100% greater. In
another enfiBeim@ieadReithbatrrss, fRPURERGSYAmak s Pietiday o Paso BERYidRVoltage pulse
wavefgrm gRekihe 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 theYiaaRRatatinns andeopher sphedunsnfs oL ithe Riesse9, gt LoiEY hereli, certain

embodimerygfdhr avanenh the piiseiampisudaekthriptiscmeéthenngsitives tage thelse
waveform and the ni%%tive voltage pulse waveform is in a range from ﬁ\l;out 75% to about 125%
[

greater thahelfdit ohfcteadhingissynind Ahdirdessrptans Brtedr a0 thsasioratid pulse amplitude of

the pulses gfwpoSHURINUEgHivdiatWBYeHYIN skilethi Rg atibatdlaggds doaldvey atade is in a
range from about 80% to about 120% greater thinbsp oltage of the battery.. In anpother embodiment
O,

Y
of the' hverBidhe frRbodiseenis grecHLsk breepy ﬁﬁ?‘iﬁ‘&% ERM) 2 IENR Feform and the
negative voltagepd tisecvRVERRIeTdseiNtdy angerftosd anauhSGivdatahoinbl Ghigeaanehan the voltage
of the battery. |n yet other embodiments of the invention, the pulse ampljtude of the pulses of the
ositive voRME BTGRP IERE 0 GO VR RS SR A et of the
voltage of thsiratier yedp dLeiégiressmnbprienaoiseidéEney bntihe apperidselamplitudes of the pulses of
the positive voltage pulse waveform and the negative voltage pulse waveform are not the same. In yet
other embodiments of the invention, the pulse durations and pulse amplitudes of the positive voltage
pulsejwaveform and the negative voltage pulse waveform are each adjusted allowing for the greatest
possible extent of overvoltage to 15be applied to the battery and/or the greatest increase in the cycle
lifetime of the battery. In an embodiment of the invention, a measurement device provides the
voltage of the battery and provides the measurement feedback to a controller that is configured to
reset the pulse amplitudes of the pulses of the positive voltage pulse waveform and the negative
voltage pulse waveform provided by the bipolar overvoltage battery
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20pulser to achieve a desired amount of overvoltage or a desired range of overvoltage. In certain
embodiments of the invention, the bipolar overvoltage battery pulser may also include a controller and a
measurement device, which provides a measurement of the battery's voltage. The measurement of the
battery's voltage may be used by the controller to identify and determine a state of the battery. For
example, 25when the voltage of the bat{ery is Weldmraisarteivatye, the controller may be logically
configured to identify the battery is in a charging state. If the voltage of the battery exceeds a certain
value, the contraller maytipdhgicadivotiafigbiecto padstifydneddttery is in a full state. Other state
identifications may be conﬁi%ured based n9t only on th?1 volta§e (%f the atéerélbut als§ the direction and/or
rate of change of the v%l?gg R Bgﬂelﬁl/l.r RePTReAS NI H\ua§/e 18 BE5HE r%tl)l%?etal?n the state
determinatibad suttages, for example, a temperature of the battery. The controller may be configured to
activate or deactivate the bigolar olveclivolfg%[e gatterg CJolfllser atsed on Itthtéf1 statetof thelbaatter}/t, as identified
by the controller based’ gﬁghli/ﬁé) l\1/()S|ﬁfag3’((e) ot %erbvaetlierﬁl dRavoT otfer MieastrementsPt > Wne%?polar
overvoltage pakeryepuibed mayape wastdhcalone device that is not directly integrated with a specific
battery. In other embodimen%s of the i veptiondthe bi o%ar oV rvolta%erfﬁ%tteré/%gtulser ma beltintegrated
into a battery. FIG. 4 ilflSHEteL” Besresp\é%ﬁa\/%evfé\\/vero? an eémbodiment of the ThventioR's eovxyi(r)lg e bipolar
overvoltage vogtievy pullser votegrated viiding hattery. This exemplary embodiment of the invention
illustrates a bipolar batetlert\{lge\ga\r,v%agb iFthI{glel{O:Il‘- éggﬁisu r%%sig%(le(% tg { it Wigléllirilvtel‘le %géc\tlu e of a lead acid
battery 200. The bipolarpovervol(t)ag% attery pulser 19s |soﬁate8 from the eﬁectP&yte of thertead acid
battery 20Q@ytdoexanmplbe withative psedf @hagrevawbtbrasiatplapticalloyltigdivwa etempiad/tembodiment,
the bipolar oléeé}/oltaggdlvo%attg% Rulser cocrrl(r)lSescttés,l,nilriltcg1 na ,B/%Ehrthe positive battery terminal 202 and the
negative Tat ryeté)rmlnal 20%° Rile fiis exempféry embodiment demonstrates a bipolar overvoltage
battery pulser 1 that is witegpatdd: withs &l eati e dvbatien20Ontire esset dé dbeolip plasi tove maditage battery
pulser is not limited to qnly, this type of battery. Rather the hipolar.15 overvoltage battery pulser may be
e it o o e e R e SO R SR et
of the inveriticge the sedthodgam d déivige dfcthe drveegiaivmnpyl sceanal icatk acid katteryime 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.

2. The bipolar overvoltage battery pulser according to claim 1, additionally

comprising a microcontroller, wherein the pulse generator is configured in 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.

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 pulsed voltage is the other one of the positive

pulsed voltage and the negative pulsed voltage.
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The phenomena upon which the device and method of the invention are based would be useful in treating
other types of batteries, other than lead acid batteries, 20 where these batteries are characterized such
that they would realize an improvement in the extent 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 irzentioMlienipeke oteerdypestotibaitpliesr coutddieg2badidpiad Whéhaptappoias of the
materials that are specific to th sg other IX es of patteries, Therefqre, in another embodiment of the
nvention? e SRS SHA S R RS O o A ER S S Diteries (1 e., & non-lead acid
battery). Non- limiting examplepwfdéradygearaf non-lead acid batteries in which the method and device of
the invention may be used include a lithium ion battery, a lithium polymer 30battery, a lithium sulfate
battery, a lithium titanate battgrgllr,nénl%ﬁﬁnr%r‘%ﬁ phosphate battery, a thin film rechargeable lithium battery,
a nickel metal hydride hatieiy, thapehed caginiaml badterying aiekehainarbatiefiguacdiekebirasithattery, a
nickel hydr?%%n bf;\tter¥, a refh%rgeﬁble alkaline battery, a silver oxide battery, a sodium sulfur battery, a
vanadiun? 1e8ox gffﬁy? any %%y ot ety\}vpaé/ of Fglchargeable battery that is now know or later invented for
which the invention applies. FIG. 5 is an embodiment of the invention, as illustrated through a block
diagram, showiig howhplvigaily of bipdlasobettieoitaybdaterydingserslaay! b&iBiregratpdsmigh a

di b ' ' - I - ies 320,
322, 324, 326 1 the bV Iaes B e A T 510, 212

314, 316WhNef@ramterivs 320, 322, 324, 326 in the battery pack 310 are recharged by a charger 330. The

bipolar overvoltage bagqlr(;i/%ggé% 8131%9} ifige]r%oﬁﬂigﬁéﬁ ROLIPR Y}ﬂ%‘hﬁ%&@%ﬁﬂ%@&‘%n@@

10controller 340 cycles through activating and then deactivating each of t ipolar
waveform.
7. The bipolar overvoltage battery pulser according to claim 1, wherein the rise time

of the leading edge and the rise time of the settling edge are about one-third of the relaxation

time.

8. The bipolar overvoltage battery pulser according to claim 1, wherein the positive

pulse amplitude and the negative pulse amplitude are each greater than a voltage of the battery.

9. The bipolar overvoltage battery pulser according to claim 8, wherein the positive
pulse amplitude and the negative pulse amplitude are each at least twice the voltage of the

battery.

10. The bipolar overvoltage battery pulser according to claim 9, the pulsed 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.

11. The bipolar overvoltage battery pulser according to claim 1, wherein a pulse
width of the at least one positive voltage pulse and a pulse width of the at least one negative

voltage pulse each exceed the relaxation time.
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overvoltage battery pulsers 310, 312, 314, 316 over their operating period of the batteries 320, 322, 324,
326 to ensure that a high terminal voltage is not experienced by having more than one bipolar overvoltage
battery pulser 310, 312, 314, 316 in operation at any one time. 15Another aspect of the invention includes
a method for increasing a cycle lifetime of a battery and/or allowing the battery to retain capacity. An
embodiment of the invention includes a method of treating a battery with the use of the bipolar
overvoltage batte2y pulBe¢ bipiblarioveningdbatbey putleodinadigf iheliventialdipiavitles a method for
treating a plurality 200f batteries in a battery pack, each battery having a bipolar overvoltage battery
pulser of%ﬁ@?ﬁ\? ion, comprising controlling the bipolar overvoltage battery pulsers such that not more
than one of the bipolaraouenvoltagarhttery pulsers is applying an overvoltage at any one time. An
embodiment of the invention involv%sda method. that includes rovidilrgg a 2f5ﬂ§)o{§it&/e ulsed voltage
waveform and negativé1 fc)nlfﬁé,sél e\%ffflagee\//bcaevce(fgrl T c}oa%lﬁfilsllﬁge ﬁ'n‘éopo%ﬁi(\)/e p% Sed\ oltage waveform and
the negative pulsed voithgesiwvaveform alternately across terminals of a battery. Pursuant to this
embodiment, the method addjgionaly Ingludes merging (he positive uloed yoliage wayelorp.and the
negative pulsed voltage waveform into a pulse Vo age WaVtoPn prior {o applying the m%rged
30wavefomtageond siethetterynimals of a battery. In certain embodiments of the invention, the positive
pulsed voltage waveform has a single positive puised voltage and the negative pulsed vpltage waveform
has a single negative pulsed {;/ﬁ(\)eitg%e![.r?n %ﬁgtﬁ%gyle%% eéi/d?(r)naen{v&p?ﬁltéeiﬁ?l A ailcr)r(l),v Pgorr'ia 08& ta%%fitionally
comprisgsudsaplifiyirbugven pbsitiae pifil dedbackage waveform and the negative pulsed voltage waveform. In

still another embodiment of the invention, the method comprises amplifying the pulsed voltage waveform
in addition or as;gn altqug@ﬂi‘f%ﬂ} 8%?!}9{{9& battery pulser according to claim 1, wherein the battery is

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

14. The bipolar overvoltage battery pulser according to claim 1, further comprising a

voltage amplifier configured to amplify the pulsed voltage waveform.

15. The bipolar overvoltage battery pulser according to claim 14, where the bipolar

overvoltage battery pulser is integrated with the battery.

16. A method for treating a plurality of batteries of a battery pack, each 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 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;

a pulsed voltage distributor configured to merge the positive pulsed voltage
waveform and the negative pulsed voltage waveform into a pulsed voltage waveform and to

apply the pulsed voltage waveform across terminals of a battery;
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the positive pulsed voltage waveform and the negative pulsed voltage waveform. In another embodiment
of the invention, the method additionally comprises 5 producing a pulsed voltage. Further pursuant to this
embodiment of the invention, a pulsed voltage may comprise any one or a combination of a positive
pulsed voltage and a negative pulsed voltage. In another embodiment of the invention, producing a

pulsed voltage comprisgs,gRRerAling:a AHEkVelage.anrPResssNadhepWsqsheliagaaliernately, into
a pass- 10through pulsed voltage and an inverted pulsed voltage, wherein the pass-through pulsed
voltage iS"4X§ 81 dfithe positive pulsed voltage and the negative pulsed voltage, and the inverted pulsed

voltage is the other of thgepasitiveontizeshialirge anskthien@aaiyeipulkest yaagsulit ANEIHGE

embodiment of the invention, producing a pulsed voltage comprises 15shaping the positive pulsed
voltage aWB'§{8Hgative pulsed voltage, respectively, into a positive pulsed voltage shape and a negative

pulsed voltage shape apic timing:pigiibpiar ot e RostinaRulsRineltage Rhane sageaslisiribution of
the negative pulsed voltage shape respectively into the positive pulsed voltage waveform and the

negative RRISEE 9BIES el S5rIesalVsTBUINRE R e itk i deX g doedimiAg e ARd e to
dischargedpita iopd RGieh paitary flathas bieendiieeasseid aceas ding 19iibeimetians @andiar epdce of the

invention 400 versus the time to discharge for a lead acid battery that has not been so processed 410. As
the grapifl GaHAIESS A A ARt HHTRSSF MsTRsYOMG SSRILH AR BsthiKANLY Yk eiténded by more

than about 150% by using the method and/or 25device of the invention, effectively resulting in increased
battery capacityl FIG. Apnethddsangsapinigal representation of the discharge times versus the number of

charge/discharge cycles fordzf\nlegld (%tr‘ildv gagﬁé)ét\beﬁah%s %ggﬁ) pnrlotg:aevslse(gl gﬁlc%édi(r}%éo éhﬁlm%tﬁ‘qﬁd and/or
device of the inventiont420 coﬁwpgrec} {0 the disc ar&e tihesVersus thenimbe? © chane%ilsc arge
cycles foneglenct aclseatvdtagthabredsmohaving a single negative pulse; and
applying the positive pulsed voltage waveform and the negative pulsed voltage
waveform alternately across terminals of a battery,
wherein the positive pulsed voltage waveform comprises a leading edge and the
negative pulsed voltage waveform having a trailing edge and a negative pulse amplitude, and 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.

18. The method according to claim 17, additionally comprising merging the positive
pulsed voltage waveform and the negative pulsed voltage waveform into a pulsed voltage

waveform prior to applying across the terminals of the battery.

19. The method according to claim 17, 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.

20. A method comprising:

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
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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. While these tests show that a
device and method of the invention are effective at increasing the cycle lifetime and improving the

retention of capacity of,gJgasbasidRaitaryethedResprswirauodine-tha funsdamantals of the invention is

also applicable to other non-lead acid batteries, non-limiting examples of which have been provided

Sherein.  Many modtfEEHSHESPHSthEP D SRRENIR 6Pk it ' SRTBRN & SRR come to
mind to gngasskillethinathe ardewbisithisdveptRmearpnanarngwee beaefi.of sne Heastirgs presented

in the descriptions herein and the associated drawings. It will be anreciated by those skilled in the art

that chanyd&eo A6 die? 16 RIS BULMISRES e BESUMRERESIT A SUR BRI HRZbroad

inventivecgeacaptthrteeh s heraforgilinis dndenstensh thad this invaatigiois mat inieditedbg particular
embodiments disclosed, but it is intended to cover modifications within the spirit and scope of the present

invention"aY H8RSL 6P HHEEppended claims. 15
21. The method according to claim 20, additionally comprising amplifying at least
one of the positive pulsed voltage waveform, the negative pulsed voltage waveform, and the

pulsed voltage waveform.

22. The method according to claim 20, wherein producing a positive pulsed 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 inverted pulsed voltage is

the other one of the positive pulsed voltage and the negative pulsed voltage.

23. The method according to claim 20, wherein converting the positive pulsed voltage
to a positive pulsed voltage waveform and the negative pulsed voltage to a negative pulsed
voltage waveform comprises:

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 waveform and

the negative pulsed voltage waveform.

24, The method according to claim 20, wherein applying the pulsed voltage

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