Thin-Fil mBattery Rechargi ng Systens and Mt hods
Cross- Reference to Rel ated Application The present
wa@ppBioesi on clains priority to U S. Provi si onetT/US2007/015342
Application No. 60/806, 458, filed June 30, 2006, the
entire contents of which are incorporated herein by
reference for all purposes. Technical Field The
present invention relates to thin-filmbatteries. Mre
particularly, the present invention relates to
rechargi ng systens and nethods for solid state
t hi n-fil m bRiibFilineBatteBaRcHErgNE SySlans@idgdabods batteries
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hi gh capacity a@rpseRefererieatoRelatedcAgplitationort abl e power
sources are desirable. For certain applications, such
s JHFBesH applisptinnglaims prierity flds: Prayigioaplepplipation No.

ol B B e Sy AR 15 xR e B

echnol ogy conprises essentially two genera
re %rle'écs?gé%a"t H""B5tteries, liquid electrolyte batteries and
solid electrolyte battgghﬁ§cFEQLyner el ectrol yte

batteries are generall d as hybrid cl ass of

| quiyd ]ﬁés%ﬁttlﬁ@nﬁ&?re%tt@{hhﬁﬁlm bdidHid M8 SH:&LIH)’E the present

battery technology is well known in the art. Typica
inveRDMRE afed to RUARIMES steis hEBEthEdR! So)d kR eMinHIA batteries.

| ead-aci d, nickel cadm um and nickel netal hydride

cells and commercial |i tBuckgrokitteries. In liquid

el ectrolyte batteries, the electrolyte provides for

i on Rerlangspble batrrienare gerenadlykadowo dsl wad inenGaliety of commercial,

Typically, the anount of energy stored and retrievabl e
autpighivea indbsial and eensimer applicationstvhetseethe eqey)f cempHct, élehtlvyelght
_Broportlonal to battery size and weig For exanp a
hig Ba%?ema%ﬁ%ﬂ qhares dife Rorigble gowpfamc@s 36? dfmreldacE %geﬂam

e ampunts of current, but, suc atter caII
aoRif T BB el e iis VehiEEs o Senapdy

welgHF are cﬁtxcal factors in selection of a suitable battery material.

Current battery technology comprises essentially twoA general classes of batteries,
liquid electrolyte batteries and solid electrolyte batteries. Polymer electrolyte batteries are
generally considered as hybrid class of liquid electrolyte batteries. Liquid electrolyte
battery technology is well known in the art. Typical commercial examples of these battery
types are lead-acid, nickel cadmium, and nickel metal hydride cells and commercial lithium
batteries.

In liquid electrolyte batteries, the electrolyte provides for ion transport between the
cathode and anode. Typically, the amount of energy stored and retrievable from a

conventional electrolyte battery is directly proportional to battery size and weight. For



| arge volume and weight. Additionally, the corrosive
liquid electrolytes enployed by these batteries
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wei ght and dead volune. Since liquid electrolytes are
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liquid or polynmer electrolyte batteries. In addition,
soffarthandteategersibletcharge sapasity and ghdsgecyste lifgamat i ng i n
tenperature ranges, which extend beyond either the
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electrolyte. For this reason, solid-state electrolyte
Bajterigs olymer electrolyte batteries. Since no corrosive electrolyte matenals are

employed, corrosion problems are eliminated and simplified packaging and sealing of
battery cells is possible, eliminating unnecessary dead weight and volume. Due to the
elimination of corrosion problems by employing solid-state electrolytes, electrolyte
reactions with anodes and cathodes are eliminated resulting in stable charge capacities, high
reversible charge capacity -aﬁcr extended cycling, and long battery lifetimes. Thus, solid-
state batteries are theoretically capable of much higher energy densities and specific
energies than liquid or polymer electrolyte batteries. In addition, solid-state batteries are

capable of operating in temperature ranges, which extend beyond either the freezing point or



particularly useful in severe environnent applications
in space, high altitudes, deep sea, desert or arctic
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relatively forgiving tol erances, the relatively slow
solid-state ion diffusion kinetics and transport
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Electronic devices are widespread and include some type of power supply or energy
source with the device. Such devices include, for example, flashlights, cordless drills and
other electric-powered mechanical tools, laptop computers, media players, pagers, personal
data assistant devices, radios, automobiles, hearing aids, pacemakers, implantable drug
pumps, identification tags for warehouse tracking and retail theft prevention, smart cards
used for financial transactions, global positioning satellite location-determining devices,
remote controllers for televisions and stereo systems, motion detectors and other sensors
such as for security systems, and many other devices. Many portable devices use batteries

as power supplies. Other power supplies, such as supercapacitors, and energy conversion
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all purposes. US Patent Application Publication No.
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I}gr aqi purposes &Ué pdittl R%glec%tlomgt%n No. 2004/0185310 describes combined
battery and device apparatus and associated method for integrated battery-capacitor devices,
which is fully incorporated by reference herein for all purposes. A particularly useful
review of current solid-state, thin film battery technology is disclosed in Julian, et al., Solid
State Batteries: Materials Design and Optimization, Kluwer Academic Publishers (Boston,
Mass., 1994) which is fully incorporated by reference herein for all purposes.
Summary
The present invention provides recharging systems and methods for solid state thin-

film batteries. Solid state thin-film batteries are more robust than conventional lithium-ion



The present invention provides rechargi ng systens and
met hods for solid state thinfilmbatteries. Solid
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respect to recharge nethods. Recharging systens and
nmet hods in accordance with the present invention
conprise circuits that receive energy that can be used
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char gi ng i ce conpri'sing a voltage regulator
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maintaining a first electrode of the solid state

tifNeRtibr, b iD AbtletdeltiA thaRit €0Kd.r Ol | ed potential with
respect to a second el ectrode of the solid state
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solid state thin-filmbattery. The solid state
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charging period of the solid state thin-film battery. The solid state thin-film battery
preferably comprises LIPON. The potentiostatic charging device preferably comprises one
or more of a primary coil magnetically coupled to a secondary coil, a solar cell, a
piezoelectric transducer, and a thermoelectric cell.
In another aspect of the present invention a method of charging a solid state thin-
film battery is provided. The method comprising the steps of providing a battery charging

system comprising a solid state thin-film battery and a potentiostatic charging device

comprising a voltage regulator, providing an energy source, and using energy from the



battery is provided. The nethod conprising the steps

of providing a battery chargi ng system conprising a
waodsdozeat e thin-fil mbattery and a potenti OSPEL/US2007/015342

chargi ng device conprising a voltage regul ator,

provi di ng an energy source, and using energy from

t heenergy source to naintain a first el ectrode of the

solid state thin-filmbattery at a controll ed

potential with respect to a second el ectrode of the

solid state thin-filmbattery during a charging

. . . L m ‘ |
gegx(a} gourI@tEnEa%lln\%nq ah @leRctr-dedr tHe! Bl P At fﬁfuy-ﬁg{l ggt?e'i'}ag} a¥controlled

i ses The energy source preferably

CEREhISEith RERcQb a IR BibctddD b tRBEMidGitd thirBGRELAteA duing a
coupled to a secondary coil, a solar cell, a

RihekaR fREbd.| ThelsoRd&atd BiftA-filA Baltedy prlefiabheddirists LiPONL The energy
I n anot her aspect of the present invention a tire

plo@ee preGeratiy) cdniyrisepre s tnem éfa ppimavy chéldnaghbtically s¢upled to a
conprises a tire pressure sensor, a signal transmtter
cepaidary coil, a solansetl, & piepeelextrisi tynsducén and a thermogleetric cell.
pressure sensor to a receiver, and a power source )
conpr i wiangther aspsict of the present NVENLPD p irdRIessie ynoRigrng system is
potentiostatic charging device conprising a .

prrevided. dbe system comREiferblire PIgsRIre sl %%l&tagtr%'ﬁm!er Fangple of

battery preferably conprises Li PON. | n another aspect

JFangRESs R Fo SR HTE BTSSR B S TOAPRY SR e

pressure is.provided The nethod conpr.ises the ste -

e RE o Al S PRl (A PP B P B Bhprsing

S . . .

IFER St riP QURAAN, TGoRE G IR B8 By Mokl il LiEON.

t hi n- fjplahiat dSdey ofthd PreRAEIMONBA 8 el oPYroditoring tire pressure is

pi ezoel ectric transducer. Brief Description of the

[Préviliedl) Thé R thdd Compradey the Gtefs afvhéd@sringhdé piBssare®f a tire with a

incorporated in and constitute a part of this

iy ure adrisa) powdring shier préssure sarsomvittes pdidtswtecthint file battery, and

i nvention and together with description of the

eimgitigrthtodid setethinifimerpéra iwithtehergy piovisieg b s pistoeldstsic transducer.

invention. A brief description of the drawings is as
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embodiments serve to explain the principles of the invention. A brief description of the
drawings is as foll;)ws:

Figure 1 is a schematic view of a solid state thin-film battery that can be used in a
recharging system -in accordance with the present invention;

Figure 2 is a flow chart of an exemplary method for making the thin-film battery of
Figure 1;

Figure 3 is a schematic view of a solid state thin-film battery recharging system that
uses a potentiostatic charging device comprises a primary coil magnetically coupled to a

secondary coil in accordance with the present invention;



Figure 1; Figure 3 is a schematic view of a solid
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Figure 9 is a schematic view of an exemplary tire pressure monitoring system in
accordance with the present invention.

Detailed Description

In the following detailed description of the preferred embodiments, reference is
made to the accompanying drawings that form a part hereof, and in which are shown, by
way of illustration, specific embodiments in which the invention may be practiced. It is to
be understood that other embodiments may be utilized and structural changes may be made
without departing from the scope of the présent invention.

It is to be understood that in different embodiments of the invention, each battery in
the Figures or the description can be implemented using one or more cells, and if a plurality
of cells is implemented, the cells can be wired in parallel or in series. Thus, where a battery

or more than one cell is shown or described, other embodiments use a single cell, and where
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parallel. A cell is a galvanic unit that converts chemical energy, e.g., ionic energy, to
electrical energy. The cell typically includes two electrodes of dissimilar material isolated
from each other by an electrolyte through which ions can move. Preferably, the battery
includes a cathode current collector, a cathode layer, an anode layer, an anode current
collector and at least one electrolyte layer located between and electrically isolating the
anode layer from the cathode layer. In an embodiment of the present invention, the anode
includes a lithium-intercalation material. In an embodiment of the present invention, the
anode includes a lithium metal or lithium alloy material. In a preferred embodiment, the

solid-state electrolyte layer includes a LIPON material. As used herein, LIPON refers
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el ectrically isolating the anode | ayer fromthe
cat hode layer. In an enbodi nent of the present
i nvention, the anode includes a lithiumintercal ation

material. In an enbodi nent of the present invention,
the anode includes a lithiumnmetal or |ithiumalloy
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external current limiting circuitry or charge time circuitry in the charging process (other
than the above mentioned maximum voltage clamp), thereby providing an inexpensive and
elegantly simple power source system that is beneficial for numerous applications. Charge
termination timers, constant current soufces, and safety circuits are not necessary, thus
leading to simpler, smaller, and more cost effective energy harvesting circuits.

In an embodiment of the present invention, pulse charging has been found to be a
viable means of charging the thin film batteries, whereby DC pulses may be applied to the

battery terminals whenever energy is available from the environment to be converted to
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applications. Charge termnation tinmers, constant

current sources, and safety circuits are not

necessary, thus leading to sinpler, smaller, and nore

cost effective energy harvesting circuits. In an

enbodi nent of the present invention, pulse charging
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artisan.

Thus, in an aspect of the present invention, a battery charging system includes the
feature of providing a solid state thin-film battery and a potentiostatic charging device
comprising a voltage regulator and capable of maintaining a first electrode of the solid state
thin-film battery at a controlled potential with respect to a second electrode of the solid state
thin-film battery during a charging period, wherein the potential is controlled to a
characteristic charge potential, including a suitable margin of error, that is specific to the

materials selected for use in construction of the solid state thin film battery.
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Thus, in an aspect of the present invention, a battery
charging systemincludes the feature of providing a
waelsdomeate thin-filmbattery and a potenti oSPEL/US2007/015342
chargi ng device conprising a voltage regul ator and
capable of maintaining a first electrode of the solid
state thin-filmbattery at a controlled potential with
respect to a second electrode of the solid state
thin-filmbattery during a charging period, wherein
the potential is controlled to a characteristic charge
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cat hode current collector 32 and an anode current
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32 and 34. lons in the cathode | ayer 38 are

dayepndli ngly forced through the electrolyte |ayer 42

and are stored in the anode | ayer 44. Figure 2 shows

an exefipbraRyshovest angotehplaryfradthodcfat fahgeating the gblidistate thirefilm battery
thin-filmbattery 20. First, the substrate 22 is

A0e Fistethe Suhstrate Bé &5 nrepsreddpr depesition of ghessolid atatethip=filin battery (step
battery (step 215). The cathode current collector 32
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provides sputtered material having energy of about 1 to 3 eV, which is typically insufficient
to crystallize the cathode material to form desirable crystal structures that encourage ion
movement into and out of the cathode material. The cathode is preferably annealed to
produce a crystalline lattice structure in the cathode, which produces an energy-storage
device that has the desired electrical performance characteristics. An exemplary electrical
characteristic of a battery is a discharge curve that has a relatively constant voltage (small
delta) over a range of capacity and then the voltage decreases rapidly as remaining capacity

is exhausted (large delta). Accordingly, the stack of the substrate, cathode current collector
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provi des sputtered material having energy of about 1to
3 eV, whichis typically insufficient to crystallize
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structures that encourage ion novenent into and out of
the cathode material. The cathode is preferably
anneal ed to produce a crystalline lattice structure in
t he cat hode, which produces an energy-storage device
that has the desired electrical performance
characteristics. An exenplary electrica
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| ayer Amexempfasy hatery eharging syatgmpy) m‘gﬁew cmth the present invention
sputterlnﬁ (step 22S). The anode_is preferabl
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exe Iar batter char sten110 r dance
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clanp the voltage at a | evel consistent wi'th

Ghathél eitboldnB @PuBbd DORukétt bk e Afslied Birédtly it thie ulator A low
devi ce, such as capacitor 104 is preferably use

I1édkbige diedec1®2 pladediitdl éetivoRageaehultedsit] 06 andbdtie gl 0BG preferably used
current may be applied directly to the regulator. A
ltopreven kedeitetly doven dighangingclodughetolegaregdhtoniflé wheg insaffgrent
106 and battery 108 is preferably used to prevent the
saereE fsyavailabln taickaremthg byt HBough vol t age regul ator 106
when |nsuff|C|ent energy i s avail able to charge the

bat t erlf) aqeeedanpe,with the PEFRFIE é“’ﬁﬁ‘tt‘ﬂ ?‘l‘fég‘?}?r st 10p fraeha Ysgchin an
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tcta]rlx ge ma(llenc])nqg}g"e %rh\%? substrates 109, from which a battery 108 can then be separated

and adhered to a surface of, for example, an RFID inlay, smart label, or smart credit card. A
battery can also be laminated into cards and labels, as the solid state construction allows the
cells to tolerate the heat and pressure of lamination. The battery 108 is preferably combined
with an integrated circuit 110 and an antenna 112 to form RFID tag 113. In accordance with
the present invention the induct%ve coil preferably functions as the antenna and is connected
to the transponder for receiving the RF energy from the RFID tag reader. A thin film
battery can also be integrated within a PVC or other laminate sheet and combined with a

pick-up coil, a rectifier, and if necessary, a capacitor for filtering the pulsed DC; a series or
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can be nmade on |large format substrates 109, from which

a battery 108 can then be separated and adhered to a
waesaew2df, for exanple, an RFID inlay, snartPCHDS1007/015342

or smart credit card. A battery can al so be | am nated

into cards and | abels, as the solid state construction

allows the cells to tolerate the heat and pressure of

| am nation. The battery 108 is preferably conbi ned

with an integrated circuit 110 and an antenna 112 to

fornmRFID tag 113. In accordance with the present
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coil, arectifier, and if necessary, a capacitor for
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provi des the proper DC voltage to the battery. Thus,
cheging thie fim batenbH Sqinefergblgt hnirted drud lahanatedgratdo Tiwalkgstem comprises
el ectrical contact with it. In Figure 5 another

bataued yoib(senogdany winding) h20, 2@edtifying oruil d A2 eomiprisingtone or more
present invention is schematically illustrated.
divdegffoneonygrsing An ingeming < signpd tyCi fditre canpeitey 124 ﬁ?rngmg the
thin filmbattery 118 preferably housed in a Iamnah
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ntegrated circuit such as an RFI

te52HR £8f:thd dhPoRGINS GlcbMehonisibitrate! THé prérarl vhﬂxﬂﬁgimn be
traces tor making electrical connections between the

ERdped Ufa CHRBOTOAYS sudhid irtthe SstlaDEarfiat 81 cylindfieal aibeyor conical in
conprising flexible or rigid material for binding al

dbsig) ehus pampdniag te st@ndarg wvimding ©boStaughtan piovanify tordeer primary

wi ndi ng can be shaped in a variety of ways, such as in
triedifganvehereforezlefiviag ppwer, frany theprimanavindins éhrough magnpticoupling
in design, thus permtting the secondary w nding to be

l9nd) ggwpmpgqthp PO {9 thy bagery Nis %rpﬁﬁ‘ynygvﬁlﬁgpﬁgng ﬁ:@ulatmg circuitry.
therefore deri vi ng . power fron1th
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:’%lgﬁ‘f’&ef‘ éy Ee%/ %p% tc{] (f Vct%s': {o Jlé/ ‘ator ge nun%ers oqqards could be
placed in a bin or hopper with an inductive loop beneath it, permitting all of the encased
batteries to be charged simultaneously.

In another recharging system 132 in accordance with the present invention
schematically shown in Figure 6, battery 134 is recharged by receiving energy from the
output of a solar cell 136 that converts electromagnetic radiation of a particular wavelength
to energy in the form of voltage and current. This energy is then transferred to the battery
134 through electrical contacts and a voltage reference device 138 which preferably

comprises a reference diode or shunt regulator with a voltage drop ranging from about 4.1V
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In sone cases, the filtering circuitry (i.e.

capacitor) may not be necessary, but rather pulsed DC
weeoses42iay be applied directly to the regul aP@r/US2007/015342

Large nunbers of cards could be placed in a bin or

hopper with an inductive |oop beneath it, permtting

all of the encased batteries to be charged

simul taneously. In another rechargi ng system 132 in

accordance with the present invention schematically

shown in Figure 6, battery 134 is recharged by
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@%&tqa%ﬁge@ﬁi%ék Takery 6ot seg%br?%?eéi?néﬁfgfvwfam@%?%t% gpd the
tsglr#: iltoglght?p%o‘aﬁ Pﬁr %41 '%%m?en%g%é?r\?t rlSg’ur F3ee"s lc% €, glass, or
%Le@h)feﬁhg ayvmv%feha S8R S 36l %%s%&%aﬁwmgwmg

SUubstT At 6 ttery can ricate

QHe %USSHQ&%?UQE irl fh€ f%@ﬁkﬁ%“ Solidattk &\ﬁﬁ‘llﬁﬂ&&ﬁ@ﬂ&%‘\& sdMt cells.
t he 0pp0$|te surface. A substrate can Cor‘r'prl Se

SA batfefcanBb Bk fabfitdtédTdrCa siGEoRSEeran®iE, 0? g6y subBiaty dndlsticked with the
t hat have the physical and thermal characteristics
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the fabrication of solid state thin-filmbatteries and
sodages ageildi-ship Anddalettist yereasras ah engrgychaineistin gzmt evergysterage unit
silicon, ceramc, or glass substrate and stacked with
tshrce thatgan opérate ihantaeed pfdurdwired sschfBing spyresn Stisfiyt device would
crystal silicon in a commuon package. This creates a
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rce that
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deﬁgesswe mgge, which could possibly damage or destroy the cell. This circuit also
provides a very low reverse leakage current path between the battery and the solar cell to
prevent the battery from becoming discharged through the solar cell when the solar cell does
not have adequate photon energy to develop adequate voltage at its output terminals.
Connections between the battery, solar cell, and charge control components can be made
through conventional wire bond techniques, conductive epoxies, or by soldering each device
to conductive traces on a circuit board or laminate substrate, such as FR-4 or BT material.
The entire module can be encapsulated if necessary in a standard epoxy, with the preference

’

that a sufficient portion of the active surface of the solar cell be open to photon absorption.
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al so preferably include charge control circuitry that
limts the charging voltage at the battery termnals

wo 2008/0be®l that is sufficient to deliver charPer/us20pie15342
battery w t hout applying excessive voltage, which
coul d possi bly damage or destroy the cell. This
circuit also provides a very |ow reverse | eakage
current path between the battery and the solar cell to
prevent the battery from becom ng di scharged through
the solar cell when the solar cell does not have
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ttheesofar eélbdneliue dattdnpt Tiee solaf £dllcind ibattgry can absy wffalirivatedot 2ve
surface of the solar cell be open to photon
aivmolithici stine dffsdlicendviieechy sire batiery a3 fabrcatedrplangsifigthe solar cell, either
measuring proximty, tenperature, pressure, vibratijon,
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SO be fa ricate
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fabricated al ongside the solar cell, either before or
abinBfisels B Qoftae régafiing Br MAmpiRe dSMe48 elithit theRaghhiadegs the voltage
control devices, including the regulator and bl ocking
Appletd to thabafdrg Q4¢)ﬁldf padferablg icatl priges b hefersagerlicielwitharvoltage drop
substrate. Another charging system 142 is

Saipdigpfrons abduy 4.3 Mawabdun4 BV giaménally aResistonioD emefetably used to
transference of energy froma piezoelectric device 144
eossprtiadiighgimpedarcelopdifo thepipzoglectsic deyigh]4d. ftiode\IPR PquPrrﬁ battery
to a battery 146 by electrical contacts. The char
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hé én%[g@'me%sfgtseqﬁcng&y by a factor of two.

Another charging system 154 is schematically shown in Figure 8 and involves the

Q

transference of energy from a thermoelectric device 156 to a battery 158 by electrical
contacts. The charging system 154 comprises a voltage regulating or clamping device 160
to limit the magnitude of the voltage applied to the battery 158 and preferably comprises a
reference diode with a voltage drop ranging from about 4.1V to about 4.3V nominally.

All of the components in the diagrams can be purchased in small, inexpensive,

leaded or leadless surface mount formats, thus allowing these circuits to be embedded in a
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present a high inpedance |oad to the piezoelectric

devi ce 144. Diode 152 prevents battery 146 from
waele@shaiigd ng t hrough the charging circuit. AnOPEEDS2007/015342

enbodi ment of this charging schene provides full-wave

rectification so that both the negative and positive

vol tages produced by the piezoelectric device 144 are

transferred to the battery 146, thus inproving the

energy transfer efficiency by a factor of two. Another

charging system 154 is schematically shown in Figure 8

3 R P B B BP0 PRI LS Pvion. b g
%Lr V,g Egég)gtm& t‘j%c,ﬁhsysfen%%a& §é§§f’)e£ﬂd]c%r sgaxiega_ S, cither

regul atrng or “clanping eV|ce 160 to

fh dF Q«Sﬂﬂb&t%n&ﬁs:&ﬁ]@f tHOtfPEIc @a@t@}y' 8Fhwhieh thl @oed LB&ult is designed
158 and preferably conprises a réference diode with a
¥othapgte drop ranging from about 4.1V to about 4.3V
nom nal |l y. AUof the conponents in the diagrans can be
pur chas e6mé EmBddhénts, ithiegrgemanventior gracides anlappaatad thatSincludes a
surface nount formats, thus allowing these circuits to
ldeviesrinaxddéskyipackage, nigd devisadichgiéngsinbhrgéng iaput ardinels 8 powernputput
carrier (LCC), multi-chip nodule (MCM, ball grid
aermanal; (a@nd terindma aplA- -flmBiipm-igy bateny hayingadicstglectrical contact
(SiP), and other package types, either with or w thout
tebpstricaldy epppestedde t*terséownﬁ itesminaf adigying ayeqopd elgpifical cprtact at least
control circuit is ned.to
dYYp SeTTesspngcted H%“SBF%%éﬁ‘?PfPY{%%ﬁ %HV%\! S%LE‘& 5%5??“' connection
BB Sub Rk AP0 AR G Rt Dty OGRS s ne

Q&%‘ﬁ&w&’-&!&&‘&%& m&&@%ﬁmalaprw:@éjéwglécﬁ{'ﬂ% &ﬁilbled ek cbhde@ion

lumion batter avin I rst ectrical contact

%Ie%teﬁ irfe@bdotd GQ&H@Q t&fladi 8f Ih@ ga@}?m& Wor BatpudB&hinal; and at

aV|ng a second electrical contact; Ieast t wo

361 92 s&%&%ﬁﬂe@ﬁld i AdisideS AT Probidah s&édi’NblSi @nabled electrical connection
sel ectively enabled electrical connection between the

BaBvegh D@ chotpif ifpaf winliahl a2 thetpdeesaagiteermlract ri cal

contact of the battery; at |east two series-connected

t r ansierembbtiiatenifarttied imchde e kidaittrangstyr seriesxoeakcted with the at
el ectrical connection between the second el ectrica

denst tavotserigs-cohrecisd treesisiors thit priveidp Breeleesivelyisnabled ?Wqﬂéﬁal

and at | east two series-connected transistors th

(SPRRFEERD hehucen dhersharging iam reinabinddie seeend clsTriekaeriagt o th

battery, wherein the third transistor is selectively enabled based on an externally applied
control voltage.

In some embodiments, all of the mentioned transistors are part of a single
application-specific integrated circuit (ASIC).

In some embodiments, at least some of the mentioned transistors are discrete parts.

In some embodiments, the present invention provides an apparatus that includes a
device in a unitary package, the device including a charging input terminal; a power output
terminal; a ground terminal; a thin-film lithium-ion battery having a first electrical contact

electrically connected to the ground terminal and having a second electrical contact; at least

16



bet ween the charging i nput termnal and the power
output termnal. Sone enbodi nents further include a

wWa biosgo4eansi stor series connected with the atPCEES1007/015342
two series-connected transistors that provide the
sel ectively enabl ed el ectrical connection between the
charging input termnal and the second el ectrica
contact of the battery, wherein the third transistor
is selectively enabl ed based on an externally applied
control voltage. In sonme enbodi nents, all of the

%H %ér%@-%gnntegt@@ ﬁkr?sis%r? th@trpgoﬂgg i sd:(l) ctide l)s El?lgifg\ §|e&5ncal connection

cation-s grated circul

%Q%eﬁﬂQQﬁérHﬁEtlﬁput érm;lnaadﬁa uﬁ%&n@fexe&hsal rasmet%m@ battery; a low-

transistors are discrete parts. In some enbodi nents,

- Sy aRi-GRPS-diop (S Echtiky BRRHE MeSpravidaRReleativesy dnBlkd electrical
includes a device in a unitary package, the device
icBfredtibn i@ tvieet g sgtdig eledpidhl coftadtiofi tHe baterp aiidthe PoivEritlutput
termnal; a ground termnal; a thin-filmlithiumion
hertriirend;\andh a Vowr§prevaridi-vodthgeedrep (ar iScludttkg odiodeathatpravides a geledtiyely
connected to the ground terninal and having a second
ehatded élestricabesmnertion befweercthe charging impitdermingl aed the gower output
transi stors that provi de a selectively enabl ed
&redénali cal connecti on between the charging |nput
termnal and the second el ectrical. contact of t
vt erd: SR tellebe e S 6‘?“0%‘1"93/';" preen
di ode t hat %%$ a_sel ect.i vel ticall

ARIFHRYL SO5H "\AL!% R’ef‘iﬁ‘ée ‘E%'E‘é’ﬁag & s}e/e c*‘é‘(f:" S 'oPﬁ °P s§ftmatically in
Figir0 8 Al LRS- BONE mcRltbil oxhiEf Th? Rlciugdfly ermostectric

OI' vvar I'Op

mwcﬁfrgmg s§s@én¢ D7) ms;aate%n@bige.@ seAuesﬁ,raml. mme@g&mfme

between "t he” chargi ng i nput term nal "and the power
PrdsBitlinveRiidH dan be udd. BAEEP126 YermitDdneRht @ Hreh@int Elbegig 130
circuits in accordance with the present invention
GEpIMishAsrgd irl thé Batfehelsewéed peficdsiod nsen Besaisé erbiety dsrvdmipketely

illustrated schematically in Figure 9. As illustrated,
tsblidestspe ersbhas @ refativelyolargn gurfage tosthickif@s ratio] itichmsacedpecharge quickly
thernoel ectric based charging system 142 illustrated

iand fipgatedly @itheut sehstantil degradagins ingterfgrmanse argapicityhe
present invention can be used. Battery 146 pernits
const aAeniteFing F’@Eﬁ‘fé a2 1eﬂgqe§ PH{f Rrgssure serisor 164 preferably comprising

real-time sensing and data transmission capability, for the monitoring and reporting of tire
condition on motor vehicles or the like. The pressure sensor 164 coupled to a signal
processor and transmitter 166 capable of sending information via antenna 168 to an
indicator for monitoring. Power is provided by rechargeable battery 146.

Because the collection of pressure information requires only a few nanoamp-hours
of energy per event, the battery itself can be made quite small if recharging between events
is made possible. One method for making this possible is through the use of piezoelectric
materials to add charge to the battery as the tire rotates, then sizing the battery up to account
for periods when the vehicle is not in motion yet in use, and further to account for self-

discharge of the battery when the vehicle is parked, and further still to accommodate
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repl enish charge in the battery between periods of

use. Because the battery is conpletely solid state and
whawsaoyet ati vely | arge surface to thickness rBCT/0S2001/015342

can accept charge quickly and repeatedly w thout

substanti al degradation in performance or capacity.

Moni toring system 162 includes a tire pressure sensor

164 preferably conprising real-tine sensing and data

transm ssion capability, for the nonitoring and

reporting of tire condition on nDtor vehicles or the

| -
,}g-%é Hb%ttg'kgﬁUﬁ)emﬁﬁp§Qz{ne%ﬁég capab mBQraﬁre?. 95 state thin-film

SSsor transmtter e of send I Ng

Ibafté}remalﬂme Yiofh ERARR CBrpbhifion BreFbustKlbGHA! B tolérBie the extreme
nonitoring. Power is provided by rechargeable battery

lfperaeattuid WtBinGQire, Bdde BOMUompletas sl stabf matemdl4 bk result in
requires only a feM/nanoanp-hours of energy per event,

tibve séifrtlisehaggeiritesdnki ercaptitreal pareke deusiity Scas @érhteivirtually constant
rechargi ng between events is nmade possi ble. One net hod
frenhargirig, mgl yehcan beassle sinell arsd light enegph toHfis withén \dftually any confine

pi ezoel ectric materials to add charge to the battery

asd irtreytiad shapest Beaayse these hatteries mgy bhmapyeaateed onhin Bexnble,
account for periods when the vehicle is not in not

Jightweighy substratess|the battery magsran be ket fo 4 faction pf gramipad g@"xed to the

of th batter en the vehicle i arked, and f.
s lreTeand iecaoR ORI b e i BRgT A dias S Hovidinede
a,variet f operating tenperatures. Solid state
fﬂ?ﬁ"ﬁlf%?gatteries avai | abl e fron1cynbet Cor por at i on

are fogy%% QR Him! &Mﬁg&ﬁmg&s {@u}o“ 484,,%@.3

|nat|re rom conp state

rmsrﬁ,slb &aft b (b, P life fith ib A¥%eAohr @b ﬁﬁh&i 8fthé @e@ifid produces a
exceptional power density, can tolerate virtually

GRASISGtp it &61idbe GAn3e froriWifratlibn 6Bdvddeto AB6IR 26 Wdlls, for A duration of

i ght enough to fit within virtually any confine and
IaBowtA D intillis&doade Bepefidingions the hitaeofideistrainiapplieday thedilm and the load
manuf actured on thin, flexible, |ightweight

PodssiteditoaBs fillh eThsabltage\zenaated with edpb ritatiin df thetirg isgthen pyeferably
of a gramand affixed to the tire itself and

irertiigd.zithet halfvave pyfullivayetand prsiferate P'emwd &t 47t soras 4pt to exceed
that is prOV|d|ng t he_charging current.

;shee%@"@c\tql%e ¢ |tlverﬂlt9fﬁ'w\3veﬁmfa efrfrmhmlwdg mprcﬂ'éy F%&@??Fi?’y due
6 e g R B3 AT rERED’ TP A RIS o gt conel

circuitry can be employed.

At an average speed of 60 km/hour, a typical tire rotates about 50,000 times per
hour. Consequently, the amount of charge that can be delivered to the battery translates to
about 2.5 microamp-hours per hour of driving. Given that the amount of energy needed to
power the pressure sensor and transmitter is on the order of 10 mA for 10 ms per
transmission, the amount of energy need is 28 nA-hours per transmission. This means that,
to maintain equilibrium on the battery, the sensor and transmitter could be active for 2.5
uAh/28 nAh = 90 pulses per hour, or about every 40 seconds. This may be an adequate

sampling period, but the rate can be improved substantially by tailoring the piezoelectric
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vari abl e output voltage range froma fraction of a

volt to about 20 volts, for a duration of about 10
worRdoBiosaednds, dependi ng on the nature of the BCT/EBIW07/015342

applied to the filmand the |oad presented to the

film The voltage generated with each rotation of the

tire is then preferably rectified, either half-wave or

full -wave, and preferably clanped at 4.2V so as not to

exceed the charging voltage of the thin filmbattery.

Current limting is typically not necessary due to the

il %ﬁmgapﬁdamn%ghﬁ&yghqm%lr ra&erwmmgh&%eﬁhm&ﬁuy,

I nexpensi ve charge control circuitry can

RO GHe mAleridld hmﬁg@ steAR R Hafge GlickdNt ] he preséhtly R hifaBle.

tire rotates abo 0,000 tines per hour.

Cons egueR empoditatt TR présetlinveR 8o ehelthialfilmaatér and battery-
delivered to the battery translates to about 2.5

rdherging eirekiois efcapailatéborfomad a diitavyt pagkagei ¥ean dnitatinidneof the present
anount of energy needed to power the pressure sensor
ameentiom tierentapsulating forms hhinopadkage bévidgamolitdr gurfacd thag agheres to a
transm ssion, the anount of energy need is 28 nA-hours
pbstrateg ha apeedrisd asprpy of thipembodiment, the eptergsurfacs)ipselected to be

equi libriumon the battery, the sensor and transmtter
Syiittde foeadiering/ pbler2 5 uAh/ 28 nAh = 90 pul ses per

hour, bout, 40 o Thi b
. T
sunstan al.d OFL.l | 0 [] s
SRR bl G st o, BR8Pl o Uit
A0 e 0, T 55 v
%&%kwl@phﬁe bbdh %nqgmmty%f‘ﬁnd@ifstahmﬁ% BAI9 S KB tunhét¥ &Ry 1ltations are

the thin-filmbattery and batterycharging circuit is

ab 62 pidékstdAdhdrérdnl vall bdtagparelit t AEagQlledlif thiRart that many changes
enbodi nent of the present invention, the encapsul ating

faah BE madd initie ¢atoldagmtdrizydribgd evith@u departingrfronc the sépk of the
adheres to a substrate. In a preferred aspect of this
anotiomeTitus, thhecopeiofahe prgsenhiowention sheuldonas be i itgrbto the structures
suitabl e for adhering to rubber. The present invention
Higscribedhseiarbul ealy by HisctuFtutss deseibed by dhe languagepihe claims and the
enbodi nents thereof. The entire disclosure of any
Fabivplents pf thoseSHUCESS)| | cation i dentified herein is

hereby i ncorporated by reference. The foregoing

det ai |l ed description and
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exanpl es have been given for clarity of understandi ng
only. No unnecessary limtations are to be understood
wo b@sebéei |t will be apparent to those skil | rdr/Us2opTie15342
art that many changes can be made in the enbodi nents
descri bed wi thout departing fromthe scope of the
i nvention. Thus, the scope of the present invention
should not be limted to the structures descri bed
herein, but only by the structures described by the
| anguage of the clainms and the equival ents of those
g&ﬁ¥gga£§gd¥@at is clained is: 1. A battery charging
system conprising: a solid state thin-filmbattery;
and a potentiostatic charging device conprising a
vol tage regul ator and capable of maintaining a first
gl ect rQEste?y cﬂah@nggys{eﬂ, cofpti€ing:hi N-filmbattery at a
controlled potential with respect to a second
el ectrode o0f sdlidetashindilmttatteyidndn-fi |l m battery during
a charging period. 2. The charging systemof claim 1,
wher ei'n t hea patrtidstatiatherginy device comjisdiriger woltagampgulatesand capable
Li PON. 3. The chargi ng systemof claim1, wherein the
potenti ostatic chimejnaipingafirstelestrags dfgkessolid ptaterthinfilm battery at
coil magnetically coupled to a secondary coil. 4. The )
chargi ng syst em dfongtolgdpotentinl pithhespeeidrpseeons glegirode of the solid
filtering circuit. 5. The charging systemof claim1,
wherein the pot eﬁf“F&‘E’l"ﬂ’T‘E’a‘ﬁel%g‘ﬁf"ﬂg"%é'@l"@é’eﬂ%qrpri ses a

olar gcell. 6. The char.qi system qf, claim erein .
e polBAPIEEERTEm SLAPH R Bevas o by SHAE) Sohtprise
pi ezogl.gglyic transducer. 7. The charging system of
claim®6 In conbination with a sensor. 8. The

30mbi NAfel Rk sGdtéth BF daim) Whbleth thboteftds@tic MMM &SRe

an air pressure sensor. 9. The conbination of claimS8

f ur t hedomppisdatal phintdgy ébil highetically coupled to a secondary coil.

4, The charging system of claim 3, further comprising a filtering circuit.

5. The cHa.rging system of claim 1, wherein the potentiostatic charging device
comprises a solar cell.

6. The charging system of claim 1, wherein the potentiostatic charging device

comprises a piezoelectric transducer.

7. The charging system of claim 6 in combination with a sensor.

8. The combination of claim 7, wherein the sensor comprises an air pressure sensor.
9. The combination of claim 8 further comprising a tire.

10. The charging system of claim 6, wherein the potentiostatic charging device

comprises a full wave rectification circuit capable of using both positive and
negative voltages provided by the piezoelectric transducer to charge the solid state
thin-film battery.

11. The charging system of claim 1, wherein the potentiostatic charging device

comprises a thermoelectric cell.
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10. The charging systemof claim®6, wherein the
potentiostatic charging device conprises a full wave

WO e@Biobisenti on circuit capabl e of using both pPST/UB67/015342
and negative voltages provided by the piezoelectric
transducer to charge the solid state thin-film
battery. 11. The charging systemof claiml1l, wherein
the potentiostatic charging device conprises a
t hernoel ectric cell.12. A nethod of charging a solid
state thin-filmbattery, the nethod conprising the
steps: providing a battery chargi ng system conpri sing
a solid state thin-filmbattery and a potentiostatic
char gi AGnetfdiof ShaF SRR H b&lid atéthofilnPBiftefye B Inftltid;comprising the
provi ding an energy source; and using energy fromthe
ener gystgaurce to maintain a first el ectrode of the
solid state thin-filmbattery at a controll ed
pot enti al wprohidingaiatéry charging systantcambeisingadelidstatt khin-film
solid state thin-filmbattery during a charging
period. 13. The hateloahdefpotdntipsiaticZhargingdeyipe ¢omprising aypltage
source conprises one or nore of a primry coi
magnetical | y coupsiseldtoro a secondary coil, a solar
cell, a piezoelectric transducer, and a thernoel ectric
cel . 14. TPEVKNERHEYEY 89uEeh?™ wherein the solid

state thin-filmbattery, comprises Li PON. .15, A tir

APy TEPLIE SToTe ot 8¢ B by gyt of the
{Jlr rezsg: gsggr e Sengﬁér. t iSi—Hl?ﬁI!) n‘érzgﬁ%rhlt ﬁrzc? &Bﬂgléigiﬂpies ect to
transmtting a sfoghasfaefatrhé‘m &trre pr esosuré sensor o

a receiver; and a;nOURLIeGRVIYE GEhE ST statd Mbh-RinSBHe during a
state thin-filmbattery and a

charging period.

13. The method of claim 12, wherein the energy source comprises one or more of a
primary coil magnetically coupled to a secondary coil, a solar cell, a piezoelectric
transducer, and a thermoelectric cell.

14. The method of claim 12, wherein the solid state thin-film battery comprises LiPON.

15. A tire pressure monitoring system, the system comprising:

a tire pressure sensor;

a signal transmitter capable of transmitting a signal from the tire pressure
sensor to a receiver; and

a power source comprising a solid state thin-film battery and a

potentiostatic charging device comprising a piezoelectric

transducer.
16. The tire pressure monitoring system of claim 15, wherein the solid state thin-film
battery comprises LiPON.
17. The tire pressure monitoring system of claim 15, wherein the potentiostatic charging

device comprises a full wave rectification circuit capable of using both positive and
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potenti ostatic chargi ng device conprising a

pi ezoel ectric transducer. 16. The tire pressure
woeBhauehig system of claim 15, wherein the soPCTUSI0AT/@15342

thin-filmbattery conprises Li PON. 17. The tire

pressure nonitoring systemof claim15, wherein the

potentiostatic chargi ng device conprises a full wave

rectification circuit capable of using both positive

andnegati ve vol tages provi ded by the piezoelectric

transducer to charge the solid state thin-film

bat t ergeeq i@ vo&g@m@f&e%y e r,;tetlgaec% &angcﬁ,carts LhdthEtne LA state

met hod conprising the steps of: measuring the pressure

of a tthin&ri Ballerd. Pressure sensor powering the

pressure sensor with a solid state thin- filmbattery;

asd chRam@tHdg of MenBsHnigdirépradsere] it Arethiold BoMpPdiGY the Yepdbf:

energy provided by a piezoelectric transducer. 19. The

met hod of ahedstnidgthe pressubeadsf aciparwith 8 pregsunssengprpot h

positive and negative voltages provided by the

pi ezoel ect rposvering Hheguessure sensartveithgesolid stateghin dilmtbattery; and

thin-filmbattery. 20. The nethod of claim18, further

conpri si ng ehaing thpsalid statethinrflm hatery avidh egergy provided by a

indicative of tire pressure to a receiver.
piezoelectric transducer.

19. The method of claim 18, further comprising using both positive and negative
voltages provided by the piezoelectric transducer to charge the solid state thin-film
‘battery.

20. The method of claim 18, further comprising the step of transmitting a signal

indicative of tire pressure to a receiver.
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