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-1 - CHARGING SYSTEMS AND METHODS REFERENCE TO
RELATED APPLICATIONS 5 This application claims priority to
U.S. Provisional Patent Application No. 60/889,264 filed February 09,

Wo00m/Bltited "UNITARY PACKAGED MICROBATTERY ARDTI/US2008/001731

CHARGING CIRCUIT AND METHOD" by Jeffrey J. Sather and Roger L.
Roisen, which is herein incorporated by reference. 10This application is
also related to U.S. Provisional Patent Application 60/806,458 entitled

"METHODS OF R%&?g %E%E%%ﬁ ,@%5 ND USE IN A
WIRELESS TIRE- E Juné 6 by Jeffrey J.
Sather; U.S. Provisional Patent Application 60/807,713 entitled "METHOD

AND APPARATHSFKRESOLIDRALE MHORGBATTERNOMS
PHOTOLITHOGRAPHIC SINGULAT10N AND PASSIVATION FROM A

SUBSTRATE" filgd %o@@%@f aeesepalvibionafinient
Application 10/895,445 entitled "LIT AIR' BATTERIES WITH LiPON

ASPREBHRIANOFSHRES: %ﬁécﬁkﬂ@@?m@ﬂﬁe R AN ENO R ed
%@?@ﬁmmmwmmmmmmmmnm@mmmw
entitled "LAYERED 2Q BAR STRU HAVING ONE OR M
TR TEANPE RS KBS RS SE T SAREr) ESTOEARy By Tererence
Tamowski et alThangppliGatidatiant] Applatadion 1545080 e titheeht

I AR B AR T

1B AJOUBRY, A KIaBSTe RN AhIIRE BESSI S B O RESR S HSBIREMHORfiled June
e@&f%%@w%f&ﬁéw ﬁ&%@@%&l&mai pateﬁhmvﬁm&wﬁ@@faﬂm

relates to systems and d methods for electrical s é%nal conditionin

pertiéigrhr M B AN BAPRA B Y foF @R SHEAP3D Edrditidit é\T“TERY
appligece salidsiicpthin-BMbGatiery ehraig. EASEonicsha ERosdm

PR A S SR S e R PR ek LG taton

' degiges, iz shamigat torindiudd/ R WET BRpPE/ WithHheR(EVides Portable

SEPARATOR AND PROTECTIVE BARRIER AND METHOD” filed October 16,
2003 by J. Klaassen; U.S. Patent Application 11/031,217 entitled “LAYERED
BARRIER STRUCTURE HAVING ONE OR MORE DEFINABLE LAYERS
AND METHOD?” filed January 6, 2005 by D. Témowski et al.; and U.S. Patent
Application 11/458,091 entitled “THIN-FILM BATTERIES WITH SOFT AND
HARD ELECTROLYTE LAYERS AND METHOD” (Attorney docket number
1327.031us1) filed July 17, 2006 by J. Klaassen, which are all incorporated herein

in their entirety by reference.

BACKGROUND

The invention generally relates to systems and methods for electrical
signal conditioning. In particular, the systems and methods for electrical
conditioning are applied to solid-state thin-film battery charging.

Electronics have been incorporated into many portable devices such
as computers, mobile phones, tracking systems, scanners, etc. One drawback to '

portable devices is the need to include the power supply with the device. Portable
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WO 2008/100441PCT/US2008/001731 - 2 - devices typically use batteries
as power supplies. Batteries must have sufficient capacity to power the
device for at least the length of time the device is in use. Sufficient battery
WEalsaitgeéHin result in a power supply that is quite heavy an®/F/ I@s/601731
compared to the rest of the device. Acgordingly, smaller and lighter
batteries 5(i.e., power supplies) with sufficient energy storage are desired.
GihecarnepinaBiouse batterices; suehr asppijser @gpacitorsustrihensrfficient
COIMRIRIGD fSVSShe SuGRanPholaveliniaaan (Hahrste aiadlieatiies
to batteties’tor use as power supplies in portable electronics an
ndnfporeiiteteotarad BppAlcERisHSN AmstHer shpRtbEEt Sfadismatprar/or

balsrigs.indhe Behinetsome AR ifaRicaed Jrormpatentiallydacoatteries

materials that may leak and be subject to governmental regulation.
AdCorBvEy SR GBsER 18 THrRicH ensrey Boies PR ArsiTsB iR fIcE Kafte,

sglirastatevand racharoaaiRie Heitorany C Basge discnatgs life ryslaacRase
type of an energy-storage device is a solid- tate,thifn-film 15battery. - lies i
LRI AL IR EElte ARG LEH 5o TP S OB Ae8 A ROEST Supplics in

Spatble blebidt:6 2hd Dt b6 o et Ritdl Arp betio@d,; 5,567,210;
5,569,520; 5,597,660; 5.6 2:..5,654.084; and. 5,705,293, each of

which is herein?\lﬂ%togr%lo(?%t%% By ?g gpevnegg{oﬁa.g}? ag‘i(ffr'eer?tlﬁlo.e gafgggl%t meare
desderiatsl érmm@ﬁtmmtﬁet%igsp@cm_ly éi_ahmaﬁ?l haak mrélbaﬁebj@faml a
%%%%%m% LTRMS\ 0NN APPliGatienRE & bAGkR af A0fksta power

egrated power source for electronic devices. U.S. Patent No. 5,445 ¢
deERp Ehinsefhcwhighatalpadreshareasblacumimpadtshnmeissheige life
Strugldre formed with the method that utilizes a plurality of deposition
stations at which thin battery component films_are built up in seé]]éuence

upon a web-likE SBEF A SHERK TIPSR M ASAUARI ot tHRough

therstatimandsics 5f RateftbaasReG @it OB e BIainsty4,765;

SeglEn segeeln 109 Bl irsestedcc

d&saabled 25165 ase eud w2k redche fvaiidd s dreckep ositing titird fiyn

RHFERE G AR R STEELR LA BRI BARHS G ATARSH -
film microbattery, and a method for making same having application as a backup or
first integrated power source for electronic devices. U.S. Patent No. 5,445,906
describes a method and system for manufacturing a thin-film battery structure
formed with the method that utilizes a plurality of deposition stations at which thin
battery component films are built up in sequence upon a web-like substrate as the
substrate is automatically moved through the stations.

U.S. Patent 6,805,998 (which is incorporated herein by referenc‘e)
issned October 19, 2004, by Mark L. Jenson and Jody J. Klaassen, and is assigned
to the assignee of the present invention described a high-speed low-temperature
method for depositing thin-film lithium :t>atteries onto a polymer web moving
through a series of deposition stations.

U.S. Patent No. 7,211,351 entitled “LITHIUM/AIR BATTERIES
WITH LIPON AS SEPARATOR AND PROTECTIVE BARRIER AND

METHOD” by Jody J. Klassen et al. (and which is incorporated herein by



30U.S. Patent No. 7,211,351 entitled "LITHIUM/AIR BATTERIES WITH
L1PON AS SEPARATOR AND PROTECTIVE BARRIER AND METHOD"
by Jody J. Klassen et al. (and which is incorporated herein by - 3 -
reference) describes a method for making lithium batteries including
r@%@&ﬁ«iﬁp%s@@éé N AEROIYEH VB RURS IRERLLE- BatBMStal QuahaiepPRthy
or aluminum) by depositing a chromium adhesion layer on an electricall
LiHE Rty %@PXHF%FC&H%% 65/ S/ afUlRTPS B P SO A GHEBBRIBY) bY
ranaiuwm: felleuweabu FRRRA ofcerpeis I &amaBMmastinant 3N,

of LiPON (Lithium Phosphorous O)éyNitr%?}?% is then formed by
PeRESGTHETE SOYEBAFRYTHRR AERASHION SPREMRICHRNGRREsPnARO0A of
dH3ROH iRRitogadboSeme embedimeats ofthedrair RAERY PRYSphorous
UPON was deposited over the copper anode contact to a thickness of 2.5

Erdoiidednty Aher doamfithibin ImEtEI SO SaBIRE ke Wi perRasyipn of
IRRNMACH AN HBCIRRIANGPOY g htAabiREO N AANGH NABIRBYIGNS of the Li-air

carbonate/LiPF6 electrqlyte solution. In some embadiments, the air

Pesifg fENSab R LA BB R AL BID SRR e ARt SPRIGELRy? thickness of
ANaveGuhiOGhaaiuraied withi@iprepwane vatbarated Bié Hganisper anode

electrolyte solutign., In other embodiments, a cathode-contact layer havin

LRBdrPgralatepiatig Bt Gk divdisPhmakigun Rotgate/ LiFTe
Refainasseieathode daastanhbbhismeprfigthatian requies RIeYIdingaaion-
access tq substantially the entire cathode surface, limiting the ability to

rg. ?9%1%* TRgERE 455 B g A Ak S uEshaiiRss PrARYLne
debonged fore chasgrablectibivin-Raseehbaties@shavipadimproved cathode-
passivation against air and water vapor with improyed manufacturability,
GBSy A& VEIIARi R PR LIBIE RSt gsposted, sugh HAGIRISHE @Ry een
doalave pain chtotthoseierabadinants YWhicbdafl withiothe googe mbtheing air

appended claims, eq%rdless of whether ti%ey aﬁ:complis ong. or mor§ of
ed

RSSOV LRSS & EFLTS riace, limyling;ihe A8y thdrose!y

sprelvitiedratappiataiu slcompristagadtirst. subsirgiedravinghere is a need for
integrated-circuit battery-charging,circuitry thereon; a cathode material, an
A M T RSt ) B SEAPAG P78 CeHRB A et ond
Witaen theanode imateriad depnditeghabithe, siehsiratadd feliabAikatadylowered
wherein the charging circuit is connected to the battery and the charging
Cifeuit and the battery are both encapsulated to form a surface-mount
unitary packafjes anthdgeyiteieia beitanepaakage thedenibediatutinghixh
arging ingut terminal; a power output terminal; a grqund teyminal; a
o T i ol
aconmetigtoie thengsaunlitbershinal-ardthavddgaedecond electrical - 3a -
contact; at least two series-connected transistors that provide a selectively
enabled electrical connection betWAEH 4R ¥harging input terminal and the
second electrical contact of the battery; at least two series-connected
transistors that AritilER bRl SraBisy &b APRUPESHFYRRESIg: @ first
soptweenihdsecondaledttcalicoriact ot inasbattencale the-pawerotimide

termjnal; and at least two series-connected transistors that provide a )
R, MR B T HDARGRAO NGBS (e Rl g emateria
ffetinihal anddhedpanedeptplstdesmihal substrate h @9econgaspechaiRaiahe
Is provided an .apparatus comprising; a first substrate hayin

R PR S T e B L AR BB E E Pl A s
aad bdeh readepallant taf@tecirolytedayen se paraiingifkaathace miatekialin a
from the n%delmaéerial d.eprsd'ted‘on tlhe substrate to formla batter%/, fout
R 8 EhATGiRG Sl I8 CORn Tl B DA RAT) MR b RNErGiRg Y
tetreinilandtherdadgteniale b din eileahisulatedbio Yaremalsuiiace-fineutiectrical
nliapcpackage; anda dauicaln auniianpackags ihe device neliding: 2,
charging input terminal; a power dutput terminal; a ground tenninal; 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 two series-connected transistors that provide a selectively enabled
electrical connection between the charging input ten linal and the second

electrical contact of the battery; a low-forward-voltage-drop (or Schottky)
Ainde that nrovidec a celectinielvy eanabhled alactrical connectinn bet\wwean



Disclosed herein is a charging system. The charging system comprises a
variable charging source. The charging system also comprises an energy
storage device. Further, the charging system comprises a charging circuit
coupled to the variable charging sours@and the energy storage device.

&fﬁ@a@@%'quag%qw@&ﬁgiesﬁ&%@dgx%ﬂﬁa{&geﬂ@{dﬁé%  E0A NI S CE1abled

The charging circuit includes a charge pump and a microcontroller
@éﬁfﬁ@ﬁlﬁg{mﬁ-@caﬁar@@wmﬁﬁhqﬁm@@@mwmda@waﬁged@lactrical
fredetesminedthashald fﬂéagtt%@é@f%@%ﬁg%%{eaoM&H&grﬁiﬁﬁqﬁé&ﬂh 3

the charge pump such that the output of the charge pump maintains a

TeRstilisy sieddsdotlgsui < leapaentiendiforeaipdrivacopnitnelevhinad contact of
Sufficientchanos,eopstds auailablefiamth sn%aml@d&hmn&g%%%mmd

Alternative exemplary embodiments relate to other features an

EyirisiAEOE oresidarassaleehiag!becneledaniersinlddprirsiiminks BRIE e
ﬁ%%&glﬁﬂdQMEamé BRAYWINGR put termidaioetier understanding of
e

eatures and advantages of the present invention will be obtained by
reference to e fStRWhgsBRthilberaéserptidethaeppadoRs TRy first

ﬁl‘%ﬂ?ﬁé@émﬁmﬁé))ﬁ\%@‘a@é@éﬁ'@%@éeb%ﬁgfyi@h‘ﬁ@ﬁ%tlaﬁﬁﬂﬂgptk%?e%rf]nt,hﬁ cathode

invention are utilized, and the accompanying drawings, of which:

STl ATORS AR RISt HBES s deTRTP Rt athaamiigde material
rRanyiacikred lavered sidiue J0HOLAWRIRNYPREKRIS NN G herein the

solid-state cell (e.g., Lithium-ion battery cell) built onto the silicon

dasERg N itsconargisg Brtnt iRt e kb sissiaradohsdmgery
Sbedineaisabine ﬂ@\feﬂms@lﬁe&mﬁﬁmﬁﬁe@%!%%a%@% gelithat, a

are photolithographically defined and the cells (optionally

PRS- RSgEspie deistiguel dearshsgtng leRgulBrR it coIPOTHST thieiput
(BHRBRIION Qb EHIHRIEAURPAILIFNS) lithfim-ion battFlChA R AR £XETRIARY Al

schematic of the unitary package having a solid-state cell (e.g., Lithium

GOM ARSI R Retehriths enetndyera el anthRrdegiaswiRd shstrical

QiRLE ANTEaHONA Jasplalsdol §é§s?§eo%§%ﬁaptﬁa&ﬁré1§ NALGiOL P 8nabled
ithi

unitary package having a 5 solid-state cell (e.g., umion battery cell)

S I PRI RG W et th et hmaEdapitd st Rpd dbnagsosg sladisical
haEcangforstopatheychargiig. feriak MRt tauPinRifdiky) diods!Ghat

4 is .an exemplary schematic cross-section view of a partially

FARRS ARGy e ebled e Uisa s PanEriam DE RERSY & R adHigd lectrical
oalis-stateheathieds: Gnd thiupaien battavsehnailhento Imﬁmmuvoltage—

ubstrate and its charging circuitry, which is separately fabricated and
i r@ﬁ&eeﬁ%fakém?ﬂs St srositfisrans 5rUsRhe Sriplsdinlertticat saanection

Hewertiohe tharddnis apeemplanasehpmrticapeiapactivauiaw of the
unitary package having a solid-state cell (e.g., Lithium-ion battery cell) and
its charging I RGPS ARSHH ! SRRATETSS LeF SARCRaga  and

cBdigriminetcevicewivioged, O uiputangiare und tesminalgated-circuit battery-
charging circuitry thereon, and a cathode material, an anode material, and an
electrolyte layer separating the cathode material from the anode material deposited
on the substrate to form a battery, wherein the charging circuit is connected to the
battery and encapsulated to form a surface-mount unitary package.

Disclosed herein is a power conversion system and method that

includes a variable charging source and an energy storage device. The power



FIG. 6 is a schematic of the unitary package having a solid-state cell (e.g.,
Lithium-ion battery cell) and its inductive charging circuitry FIG. 7 is a
schematic of the unitary package having a solid-state cell 20(e.g.,
Lithium-ion battery cell) and its char{jiﬁg circuitry (a 2-terminal device with

doRuseIdP UiralE SKURdIREDINBIRhACCRIINY 815RRe S TPAARSNUS Rireing

the invention. FIG. 8 is a schematic of the unitary package having
WY iALatBeCBIF(@ S URARIATISS DAy Bl eIk dne uapdaby
BdeEnHmA dRMICR WIkLRRINPUERIRLIAHE LS UIICHIRIINRAIS L PEEPA0INGqce

some embodiments of the invention. FIG. 9 is a schematic of the

IHNRERR pAt UG e AT S Yoliplets e Smeesy. sirEsisvic D Atery duhasiag
WBeshasgingrRisURE aidoieraningl deyiescwithinBut «cartaksighlithiarb 1.

and/or stop the charging, output and ground terminals), 30according to

Iagiher eiiBoHimente 3pidhe SHvaitgIudes a regipe dreidtrepfigmaddorentart
tHBitehyr prgkage havpouwe sakid-statec el de. Ghd ithiaviapbattens crY andy

ifs charging circuitry (a 3-terminal device with WO

PRORRRITPET PPE080T 78R ed e g5t and ground
terminals), agopdingdorsasme embodiments %Hﬂ@mn\{emﬁenehar%ing §Gem
11 is a schematic of the unitary package having a solid-state cell (e.g.,
CARETIoh BT Yy 8 it Witrging o EARRPEa3 &M ia croweatifthn
Binpytseuigut@ptgropneHter s alBl gecording e Sapaembadinamts Rfuit
the '1n ention. . , )
coupled to the variable charging source and the energy storage device. The energy
storage device is charged by the variable charging source. The charging circuit
includes a charge pump and a microcontroller conirolling the charge pump. The
charge pump boosts the charge to a predetermined threshold and the
microcontroller controlling the output of the charge pump such that the output of
the charge pump maintains a relatively steady output voltage at least for a period of
time where sufficient charge power is available from the variable charging source.

Alternative exemplary embodiments relate to other features and

combinations of features as may be generally recited in the claims.
BRIEF DESCRIPTION OF THE DRAWINGS

A better understanding of the features and advantages of the present
invention will be obtained by reference to the following detailed description that
sets forth illustrative embodiments by way of example only, in which the principles
of the invention are utilized, and the accompanying drawings, of which:

FIG. 1 is an exemplary schematic cross-section view of a partially
manufactured layered structure 100 for a unitary package having a solid-state cell
(e.g.. Lithium-ion battery cell) built onto the silicon substrate and its charging
circuitry built into the silicon substrate of some embodiments of the invention, also
showing contact areas of the cell that are photolithographically defined and the
cells (optionally photo-lithographic techniques are also used to singulate the cell

with the exception of substrate support tabs).
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FIG. 12 is a schematic of the unitary package having a solid-state cell
(e.g., Lithium-ion battery cell) and its charging circuitry (a 3-terminal
device with input, output and ground terminals), according to some

werasdimsats of the ()invention. FIG. 13 is a schemB{it/Bp /001731

unitary package having a solid-state cell (e.g., Lithium-ion battery cell) and
its charging circuitry (a 4-terminal device with input, control signal to start

and/or stop therthazgings exdipipla%sicdronatit tef thinatsragenidinghio sgme

emhqdiments, of the, invention., 15FIG, éis chematic of an.energy. .
ChTEE R B A

irdesttowith input, dat@it Bsd gevuadienmaitinaés schematic of an energy
harvesting an arging. circui | ' ]
invention. dﬁ& %ﬂ%@nﬁé%ﬁﬁ%%%?é%ﬁ%ﬁ?ﬁ% %&%&ﬁ% a%lfd%?g :
es@frpiary eHbfgingl2t syzienbatimy eebharddtp chape e irieior daddraninal
ageadingdosame GRerdiments Kiihe #vealipthe charging |Gt & ground

schematic of a microcontroller charge pump, according to some
etéfBiéitiiénts of the invention. FIGs. 18-29 are flow diagrams for the

software for thg2h Mmicsacapigerdiaamn BpsAsepicingdd somgartially
embodiments of the invention.é?)EfgélLED DESCRIPTION Bef
[

TR AEYATF A BHIEIIP TP oSy RAERASE I RS St
be: @hdeiaantiat tusdnyecllipbuitictnde thexili iomet bsriecita dncheeking
structyral combination of copventional data/signal '
R B D R M e RSB
cofifigueativhedihemso biAbeordimgign the structure, methods, functions,

control and arrgpgement, g&g%y%t&ﬂ%g%gwm%qrgp{ﬁe ha¥ery

for the most part, been illustrated in the W

ODATOEY IR Stwtg el (B3, Lithium-ion battery cell) and its charging

circuitry encapsulated in the plastic of an SMT package (a 3-terminal device with -
input, output aﬁd ground terminals.

FIG. 6 is a schematic of the unitary package having a solid-state cell
(e.g., Lithium-ion battery cell) and its inductive charging circuitry.

FIG. 7 is a schematic of the unitary package having a solid-state cell
(e.g., Lithium-ion battery cell) and its charging circuitry (a 2-terminal device with
input/output and ground terminals), according to some embodiments of the
invention.

FIG. 8 is a schematic of the unitary package having a solid-state celi
(e.g., Lithium-ion battery cell) and its charging circuitry (a 3-terminal device with
input, output and ground terminals), according to some embodiments of the
invention.

F1G. 9 is a schematic of the unitary package having a solid-state cell -
(e.g., Lithium-ion battery cell) and its charging circuitry (a 4-terminal device with
input, control signal to start and/or stop the charging, output and ground terminals),
according to some embodiments of the invention.

FIG. 10 is a schematic of the unitary package having a solid-state cell

(e.g., Lithium-ion batiery cell) and its charging circuitry (a 3-terminal devicé with



- 7 - drawings by readily understandable block representations and
schematic diagrams, in order not to obscure the disclosure with structural
details which will be readily apparent to those skilled in the art, having the

wheanesitafiehe description herein. Further, the invention is notfiRitEX /G 31

particular embodiments depicted in th_e65_exemplary diagrams, but should

be construed in accordance with the language in the claims. In this

depotiptiopy thederowmn ataapplip s dotlding sabsstaa talhepumerdingfiehe

metgll{c glements and to alloys or combinations of two or more elements,
VENLION. . . .

at least one of which is a metallic element. 10The term substrate or core

generally referE}@. theiphyshamaticefihs undtery prelrasibaviik prodid-gate cell

i%é@pﬂﬂ{mﬁdi@ry Bﬁ{é?yémﬁs%ﬁﬁﬂ%@ﬂ%%ﬂh@ degiethal device with

microelectronic configuration. In some embodiments, substrates include

- cowabampuRRe sEyed ceraialsecting de sensamhotimAnE ahibthe

likgkdfigHlating material (such as sapphire, ceramic, or plastic/polymer

insulators and the 15like), semiconduycting materials (such as silicon), _.
nonsemicondu}éﬁgl,%P@o%‘?ﬂ’e?ﬁ’&fg &es%f‘h%r&?ﬁ%ﬁ%% yge 2 sofidtstate cell

- nREesemidondiiibgtenaiaiisdritsomeghiberienibpdimients)isabdtratesyith |

R oD P SR S0 PR A GO EhRl BiAER AL RBF Al ouef
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RO MiEke Faftay Bn hosen fot Its coefficient of therma
expansion (CTE) that more closely matches the CTE of an adjacent

structure such a%;208 SliGORRrORESFAEHIRL SASLSURR RIDEHMTRR cell

such a substrate core is laminated to a sheet of material chosen for _
efe@sitaihivirinniarien woh dugtvihsais sy eriap (et amHMALA Ay ith
apgdhe diked WBiGh i Jurpdsrevaminitha verRinlasie shRsandafinals),
electrical insulation, stability, and empossing characteristics. An
HSEHEIAS R oM FRbadEd RE G YAty by allowing 25movement

of ions (e.g., lithignippsahakingad peiitivencharpelvesite hethchaging circuit,
condugiivetto electrogsdAré I%Isegy{'ggli c\(,all ar rkl)attery is a device having an
aNGGE AR A A Sae Al s re separa{]eanby an electrolyte. A dielectric is a
material that isEiGndérislactitgrizéiectisinyatuoh assiorgmtmmysitingastc,

| Caﬁ%lgigﬁ%&glﬁé 'c%%?ﬁ%‘?oeﬁﬂ‘%démﬁé%ﬁné‘n@%@ﬂ@'iﬁ%’&ﬂi@ﬁ.UPON can

act electrolyte when a source an

FIG. 16 is a block diagram and schematic of an exemplary charging
system using a charge pump and microcontrolier, according to some embodiments
of the invention.

FIG. 17 is a schematic of a microcontrolier charge pump, according
to some embodiments of the invention.

FIGs. 18-29 are flow diagrams for the software for the

microcontroiler charge pump, according to some embodiments of the invention.

DETAILED DESCRIPTION
Before describing in detail the particular improved system and
method, it should be observed that the invention includes, but is not limited to a
novel structural combination of conventional data/signal processing components and
communications circuits, and not in the particular detailed configurations thereof.
Accordingly, the structure, methods, functions, control and arrangement of

conventional components and circuits have, for the most part, been illustrated in the



30sink for lithium are adjacent the UPON layer, and can also act as a
dielectric when placed between two metal layers such as copper or
aluminum, which do not form ions that can pass through the UPON. In

wepnimts/adnhiadiments, devices include an WO PCT/US2608/001731

2008/100441PCT/US2008/001731 - 8 - insulating plastic/polymer layer (a
dielectric) having wiring traces that carry signals and electrical power

hdrizoinieslyy amlmj.amtﬂmkaaadabm' dhadk speestacitiont podvarhveridatliagrams,
bet la ft f
SE%V;%?”% ﬂ¥ SCG?ch?a?l%]%%Hm wx%es%qu{ nga i? 1@%91 &?gﬁﬁ:]

ally perpenai € major surface of a substrate.
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OISR Brvention 1 i F@idhina t%c{a@wm@%%s‘amm%p@&@d in the

partially ‘manufactured layered structure 100 for a unitary package having
a@eﬂmpﬁatél@éna(éSgblLﬁhmﬂqthmceaﬁwdd@mqserﬁwwﬁé ﬁlﬁf@@guage in the
sybstrate and its charging circuitry built into 10the silicon substrate of

some embodiments of the invention, also showing contact areas of the

cell that are phtdhisrRssFaBHRE N Cistmeasipramd eshethdpsahsiptially pure
plgmgdlﬁwgm@aaﬁeﬁfwﬂuas Aleyalsocsdrigisngolaie thencait withines, at
exce t|on ;Sf rate support tabs In some embodiments, structure 100
%Eﬂﬁ 'hs %ery Cells, with associated charging
circunry, providitig s&ehighesvatput dovatagelly refers t¢-{B, phisigal structure

etrpseﬁhg ;Stfl%%%%r ﬁgﬁg%gﬁ) Q '@g %‘Ea%?'& gfgnons uﬂto the

iumion battery ce Its charglng circultry (a rmlnal evice wit

m@ﬁwmmmh@pgmmmé?an@) acwrmglt@@mﬁétfemaﬁwém@@fie
the, R AHE ™ 28R T3S A SePpnalinntibeitanmRackpaR 301HRYINg a

SO|Id state cell (e. E\( Lithiumion battery cell) and its charging circuitry (a

4 psHiving aireiR LiRv Bt aRRIR ICSTGRHF tOSRM T L RPbIRED ffators and the
ChigingmAsBREE AN efaunditasminalssilacsordingdmBompamposiments

Ofcg?ﬁb'%?]‘éﬁgﬂg gf semiconducting and non-semiconducting materxa'is In some other
embodiments, substrates include layered structures, such as a core sheet or piece of

| material (such as iron-nickel alloy and the like) chosen for its coefficient of thermal
expansion (CTE) that more closely matches the CTE of an adjacent structure such as
a silicon processor chip. In some such embodiments, such a substrate core is
laminated to a sheet of material chosen for electrical and/or thermal conductivity
(such as a copper, aluminum alloy and the like), which in turn is covered with a
layer of plastic chosen for electrical insulation, stability, and embossing
characteristics. An electrolyte is a material that conducts electricity by atlowing
movement of ions (e.g., lithium ions having a positive charge) while being non-
conductive to electrons. An electrical cell or battery is a device having an anode and
a cathode that are seﬁarated by an electrolyte. A dielectric is a material that is non-
conducting to electricity, such as, for example, plastic, ceramic, or glass. In some
embod'iments, a material such as LiPON can act as an electrolyte when a source and
sink for lithium are adjacent the LiPON layer, and can also act as a dielectric when
placed between two metal layers such as copper or aluminum, wh‘ich do not form

ions that can pass through the LiPON. In some embodiments, devices include an
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FIG. 4 is a schematic cross-section view of a partially manufactured
25layered structure 400 for a unitary package having a solid-state cell
(e.g., Lithium- ion battery cell) built onto the silicon substrate and its

wohanging4gircuitry, which is separately fabricated and later ab@EhS20o#E61 731

the silicon substrate of some embodimgnts of the invention. FIG. S is a
schematic perspective view of the unitary package having 30a solid-state

celbiagng lptintiopidprbatieyy el Jiakdtiis) dhaiginy icinguitages tica psuiptegnals

ing %@L%aggg of an SMT,package (a g-teuy @aﬁgg«ré%%%lm?ieh@%%@ er
and ground terminals), accordihg to some embadiments of the invention.
IveWi@IR0g8aMlayeCatr82608/001731 - 9 - some embodiments, the

battery and cha§Qing, Gt Bl ERraPRAALGH éatgtadﬂfa&@g&a?a@aﬁar to

such as a epoxy-encapsulated surface mount technology (SMT) package
téhsansding svetaee of pinbstratrciright or depthrsfassitop seHanraii pisstion

upiapn BrekAes haviRghA seiitSHTE calldee., Lithium-ion battery cell) and
its inductive chalréing_ circuitry, according to some embodiments of the '

invention. VariBlfé ré&tRcETRAY HEIHPIEYER Yothar @ HAIR- AT BIRReRFd
thajdres dhechiePrties-of heing patitagtaheang dhus dsstaeresNofeys) titdium-
conventional Jithium-ion and lithium polymer cells with respect to rechar:
it el e SR ek e
mhgriditoncirduationf therermebediresvit 8s; mvdniez.odiocirimwingteomtict
Wha S ircuit in Fig ' for in-fil i
o B ety o anally
pphetnitithagaphisriiely iewsisren alsithioed Hetingelatohsant Biithéhg exception

SQREGESrAB QYT CHILS). O AR COHBLR Rt L NRISMAIRP MR ARCAHIR or
the enerqy capa%ﬁ/ of such a battery is relatively small 15compared with

CBRVERBCREPTY- o b At B RS OBk LA R FaRREHEY 18R it Reh G tput

Po¥IREIS necessary to provide the charging current for charging the

e o e e e S s o

essiértial, thahithéosbantagredbfla2dits shangirenthedime(ds -eesheoivewce

F&%th@h;% \ gu tt%lzyaxi}sd 'éar%t]gﬁgtggnina]s), according to some embodiments of the
invention. |

FIG. 3 is a schematic of the unitary package 300 having a solid-state
cell {e.g., Lithiumion battery cell) and its charging circuitry (a 4-terminal device
with input, control signal to start and/or stop the charging, output and ground
terminals), according to some embodiments of the invention. '

FEG. 4 is a schematic cross-section view of a partially manufactured
layered structure 400 for a unitary package having a solid-state cell {e.g., Lithium-
ion battery cell) built onto the silicon substrate and its charging circuitry, which is
separately fabricated and later attached onto the silicon substrate of some
embodiments of the invention.

FIG. 5 is a schematic perspective view of the unitary package having
a solid-state cell (e.g., Lithium-ion battery cell) and its charging circuitry
encapsulated in the plastic of an SMT package (a 3-terminal device with input,

ouiput and ground terminals), according to some embodiments of the invention. in



by means of receiving energy through a secondary coil coupled
magnetically to a primary coil, via electrical contacts and intervened by a
voltage regulator to clamp the voltage at a level consistent with the

weranging4sltage of the battery. The filtering circuitry (i.e., cA§IEHBHEHPIIT31
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may not be necessary, but rather pulsggd DC 25 current may be applied
directly to the regulator. Other embodiments may employ and include
Baast GulekiBoast, dredtitesgwitd kingghneomcmianagementstdpeltbiiesa
Referring now to FIG. 7 a schematic.of, the, unjtar, ckage havi
A G o RS R o PR el P
2 peckaigratcdey keddarth inpurougdutizng.ground terminals), according to

some embodimgpts,qE w&;g’%\fﬁmé%fg@ﬁgﬁmge havindbsl{fiakdte cell

control line is driven by a timer that charges the battery for a'fixed period
ofgigel ithérmtissdmbertsehe arbiginguo e HainarE Paierpccpnng to
2008ELO0AAER TP 2080 £R 1val us TSt R BEeHp e8SI\URaFBe 2

extended charging times are detrimental to the battery and/or in cases

widrdimsbareivabr iherepPRE S delg ot sEs Aad B vRarerRBust
diggr2enshowaaA liliam b thel cantrel joienetitdidsoilhadivendyeantge
number,of integrated circuits that have outputs, that can be.driven hijgh or
it o e D bk s T
alisahizeionBhSTrE lvoidaetizesseral qiadediotte pakriale Chiiial belesythe
s e e A A e e
supp}ly supewlsor, etc., having an output to control th
abavatomeebetbanisd offivienthavgiagamesntipstitic shargintoregmpaseithout
charde 1 Qcaoiel CAMRPRSRLECRRDS areampished i dasiglyahways:

1) The discrete components can be packaged in a multi-chip module

udiRSRIL BRI BlesoIerey saRts i LSt AdrieRrE CRbHYaY feal

PR6KABFEXRAH Yonventional )i IO ak, riRea daF aficEANSIS IS few
resistors - and timer. 15control circuitréwher%%%)licable -C

oI G R RSP B SR GKF APS A PR B B i efreing the
manRieiatdnia affdve mistadizdticorsyerdodiments, the charging device is

amenable to direct integration with the battery, but is not essential that it be so
integrated.

In some emi)odiments, as shown in FI1G. 6, the battery is recharged
by means of receiving energy through a secondary coil coupled magnetically to a
primary coil, via electrical contacts and intervened by a voltage regulator to clamp
the voltage at a level consistent with fhe charging voltage of the battery. The
filtering circuitry (i.e., capacitor C1) may not be necessary, but rather puised DC
current may be applied directly to the regulator. Other embodiments may employ-
and include Boost, Buck Boost, or other switching energy management topologies.
Referring now to FIG. 7 a schematic of the unitary package having a solid-state cell
{e.g., Lithium-ion battery cell) and its chargfng circuitry (a 2-terminal device with
input/output and ground terminals), according to some embodiments of the
invention is depicted.

In FIG. 7 a control line is driven by a timer that charges the battery

for a fixed period of time, then disconnects the charging voltage from the battery.



deposited during battery manufacture can serve as the interconnect
between the charge control components and the battery itself, thus
minimizing discrete component count, overall package footprint, and

wassetriohtsost. 203)Some or all of the diodes, transistors, r@€iStEra003(HY 731
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other functional semiconductor components - can be deposited before or
after the battery has been fabricated on the substrate using ink jet or other
prirtiing e bhnicpdds, ctivas whnimizitegddis chatgiogmpeonert douintgatabtalthe
package footpri \ R i G,.8 d
e R TR A A a8 c conserve
L ipkiven-idheodingmareeiyand i ohbriidg eteuithyite Swdrmlsmbe dvivenbitany
INRHEEH YR RBGLIPURIRTRIRALN). BEERAMY IR CA WD B ABRASNISPT
the invention is depicted. In an exemplary embodiment, diode D4 could be
réiSRAEERSARrIARS eh HIBCRE QB EBYERST BIEUIPEand D3, so that a quad

diode pack (or fwisneluad Paaksd1 §obiheAsad. iBAONMEY B is@asplitRbifode pack.
substitute for BAS1 1 6. Many other 30diode types are also available and

. 0
chit 5aH I 28 FRHRHBRGG e RS R Y ABR AN o B AR PR S GHRRA
bleckingoghangatesigtiesisior additinvinsireapdtcosbaansiderations. WO

2008/100441PCT/US2 /001731 -11- . . FIG. 9.is a schematic of
RSV SRR a0 s Shefie <alpel it MR S R e

andn'ﬂtmbbmhgeuﬂmaitrye(gmmwﬁmaﬁélevi&erimrhothwa_y,scontrol signal to
start and/or stop the Qﬁ@&ePé%éBHﬁ?%ﬂgn%%Wﬁet H0IRRLY PEeRIding,

some embodiménts of the invention. In one exemplary embodiment, 5Q
isTepstite s msrisehondingoprnaaddss B Y etpicEtieriIcstens hihemarkase
capiLplgircuit can be switched on and off according to certain events or to
simply conserve power. The /Charge line can be driven high or low from a

timer, for examble. A S HGHCH KBRS FRGIOBIREOR3; HuYr
Refsrringinmiv-iowniére 4fhlicehematictef feitmidann RRckagehatinghar
tosolid-state cell (e.g., Lithium-ion battery cell) and.its ¢ ing circuitry (a
R R s e S A
sdapesmbddimehistafthesnvartioncs: depictedhnimeeexmrigiaryeen the
e ' ' Wi ’ ] or D2
o B e e
foroBIRSME! tomther vl piskaerdartPERs padaisrmEI6Rihg those that

shutoffthe 3y Some or all of the diodes, transistors, resistors — and other
functional semiconductor components — can be deposited before or after the battery
has been fabricated on the substrate using ink jet or other printing techniques, thus
minimizing discrete component ¢ount, overall package footprint, and assembly cost.
Referring now to FIG. 8 a schematic of the unitary package having a solid-state cell
(e.g., Lithium-ion battery cell) and its charging circuitry (a 3-terminal device with
input, output and ground terminals), according to some embodiments of the
inventi;)n is depicted. In an exemplary embodiment, diode D4 could be replaced
with fhe same diode used for D1, D2, and D3, so that a quad diode pack (or two dual
packs) could be used. BAV170 fs a suitable substitute for BAS116. Many other
diode types are also available and can be used depending on the forward voitage
drop and reverse current blocking characteristics, in addition to size and cost

considerations.
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battery charger after a pre-determined amount of charge time; those that
cut-off the battery from the load when the battery voltage decays to a limit
value; an in-line fusing or disconnect mechanism that limits the current

wlawpsathve battery or disconnects it from the circuit in the eVRAEHRPIHE01731

battery develops a hard or 20resistive short. This would prevent a
short-circuit from unnecesSarily draining excessive power from the main
supply, which ®iGhPresistiemndissixheinmititfupaticpalitgving a solidditefe cell

22 g%) lponents | in the dlaé,g] ms ff e B}lél’ @éﬁ%@ smpall, e Rensivein

1ead1ess SUI’% ount orm wing these circuits

2bipuheertbesided i ﬁ@ﬂ@@%ﬂﬂ@@ﬂh@%ﬂ@ﬁﬁw enfyedieianinals),
('agc%PchE‘g% E5RR: RHLEAME Myl el gl 2 BR A MREP BHBodiment,

(UBGA stem in package (SiP), and other package types, either with or
V\ﬁ&ﬁ@@pﬂﬁ@nﬁbwohsaﬂﬁdef%wwd?wétwfvﬂmﬁ@émﬁe%ﬁm%&%

desiaediteusaho8e switched dnlfndldiiasRadnamalicafine aniaito simply
package having a solid-state cell 30‘% Lithj m ion baher gwang its
CPRIFARG EIPeREry (e 3RS UPEISH iR h Sudo% HBX&B % Yor
teFmips), @qaeaouﬁrgiéqasmzﬂmmdmms ﬁmhm Wd D4,

2008/100441P U82008/OO %1.‘1 nve tlon Il'\ XeMPIALY . 1 ino a
3 BB g

embodiment, t W&Bﬁﬁ%\gsoana r%ﬁcsr%%%llgno%l es%r%g

quﬂdenmwm@ iy Ridrenpewe badténythe hamd its vba@y@d@m&w (a 3-t€fmiﬂaf
Fglrcrln‘g {}10 F@E&h SH?&%RE %E@Hﬁ ?&ﬁeh&}{mi%ents of

state cell ilum-ion battery cellj and its char %9 %‘cwcunry (a

3tkermmatagaes/rt@mﬁ ifpunoekpUPkY Yrdedimermitiary LAk EsY
SRR TR dRdneater s 46 ldual diode pack could be used.

BAV 170 is a suitable substitute for BAS116.

Other charging circuits are possible, including those that shut off the
battery charger after a pre-determined amount of charge time; those that cut-off the |
battery from the load when the battery voltage decays to a limit value; an in-line
fusing or disconnect mechanism that limits the current flow to the battery or
disconnects it from the circuit in the event that the battery develops a hard or
resistive short. This would prevent a short-circuit from unnecessarily draining
excessive power from the main supply, which might result in a loss of circuit
functionality.

. All of the components in the diagrams can be purchased in small,
inexpensive, teaded or leadless surface mount formats, thus allowing these circuits
to be embedded in a single package such as a leadless chip carrier (LCC), multi-chip
module (MCM), ball grid array (BGA), micro-BGA (uBGA), system in package
(SiP), and other package types, either with or without the inclusion of the thin film
battery for which the control circuit is designed to charge. |

FIG. 11 is a schematic of the unitary package having a solid-state cell
(e.g., Lithium-ion battery cell) and its charging circuitry (a 3-terminal device with

input, output and ground terminals), according to some embodiments of the



FIG. 13 depicts an exemplary schematic of the unitary package having a
solid-state cell (e.qg., Lithium-ion battery cell) and its charging circuitry (a
4-terminal device with input, control signal to start and/or stop the

wotanginmg4eutput 10and ground terminals), according to sonf&T/US2608/601731
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embodiments of the invention. _ 1 ,Referring now to FIG. 14, an
energy harvesting, conditioning and control circuit 1800 is depicted. Circuit
léeentimplisas e ghyphiityeoflsubsyste the draubestcantso A tsatsgyistarn gates

1410 combri : | o R .
S S e B A T R e 9 ek omyin,

filing date of OB&Sbeim231@0B6F Kntitkd ssheSTERMShND RETHOBS PORS 2
REGELMNGANE MANAGING SMERIIN Y RERESR PENXIGER 2 BMerminal

Regan Zane et al. and which is herein incorporated by réference. Circuit
1der0ceaFibrisaEtabitinK BebSIeBKVErBmabifistradoeincroma gmHsitesnty of
which iz ansraizegdisgdransistor Q2 is turned on. The buck boost converter
may function to maintain a 20re|ative|3ée(_:é9nstant charging voltage. The

ister

voltage compaF&tor] SORRSHE b amEieis SEls Aty Rl G oYy RRekassq
Rigviskivesirnitehing toedisadeiiest-the hatéeyiesiyend thechaltdge circuitry (a
regulator when there is insufficient voltage to charge the batteries..For
S e DR A B s S A IR B g
thadeprpisdl stingrbiicsiesBing ansbBT 2ifroedithenthel thingreieatiim.

Integrated circil il 46158533 A1¥0 105 IGAUAINLI0RARICLANAGRAY Gha

the charger voltage. The voltage from charging circuit (comprising sofar

cegst\/circait dHEY isdaritiRg elciraritd HY sopgrasear dligRIHiopkespipystems or
Glrpuit LA10 rRqubesa a3 ilehhaiies 19 SRlIRBSWHItRR FI8IG Eircuit

disable circuit 1420. When the transducer V0|t6} %%gts above a threshold

vastailed indntematisnet Autlifg iRt Rifowy St ¢ PAYEPi SR Re]
camiadato btiSciobaraer disalint ke S YAAEME ided atEmHIcaHAGR the

By AN A SIS SRR IR BB ERROB R CBLTs regan
20ex8 4100 44HP A BACDSHD L PFIorat Sl bfurefticnde. riarmtain 44 6| etioprafes a
ﬁgﬁ%f% Bland Bl%seiasiivelangd oéﬂ RiNAng ZarRiisekags cuEent

_ atpenes are not being charged or there Is not s_u_ffiC|ent power to
dtyansis@irddit is 42068 furthdhedusbragtiponvertaruniiy dwpeiion to maintain a

relatively constant charging voltage. The voltage comparator, comprising transistor
Q6, and resistors R8, R9, and R10, drives switching to disconnect the batteries from
the voltage regulator when there is insufficient voltage to charge the batteries. For
example, transistors Q3A and Q6 will turn off transistors Q5B and Q3B theréby
isolating batteries BT1 and BT2 from the charging circuit. Integrated circuit Ul acts
as a voltage regulator to monitor and control the charger voltage.
The voltage from charging circuit (comprising solar cells PV1], or

other charging elements) is boosted through diode D2. Circuit 1410 requires a
threshold power to get initiated with a charger disable circuit 1420. When the
transducer voltage gets above a threshold value, Q1 will turn on causing backflow
through the path to pin 2 of the comparator U3. Charger disable circuit 1420

" provides an indication to the application circuit that there is sufficient power to

charge the battery. Circuit 1820 comprises two gate switches Q5B and Q3B which
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No. 2008/0001577 Al, filed on July 2, 2007, entitled "TH1N-FILM
BATTERY 5 RECHARGING SYSTEMS AND METHODS', by Jeffrey S.
Sather and which is herein incorporated by reference. Transistor Q5A is

waswdsiongend a signal to the microcontroller that no power iSPgaNg 2 a1661731

battery for monitoring and control. CirCLg'[S 1410 and 1420 combine to
enable restarting of the charging circuit by utilizing power from the

battrfies &t ihenuintsslaibicbfale batng as heeBBhudlddoeivnd

In an exemplar, bodiment, Circuit.1410 camprises. a low speed .
oS 45 BRI 3t DI SBEH1 AR g orthere i
oscil i ldd polvents dead. oS dittettior 4t estitirthérighsspeetiindCiflafmblication

e R S R e

1REGHAREINGSHFABMTAOHR METHIOPBUtthoteffred fatbelandgvhich is
batiery fosmdisehargingrdRiRe harge:Slremiis i SIREINE Brachapaindo the

circuits after the charging circuits were shut down for lack of charging

vBltsgeonixel Riohai iy PRMSAiERIBSSHPfRARY RREWIHE B RtERje

getsctor nwdalawapwasiaintinehbresialetn NNt RRARKEMBPIANS by
embodiment FIG. 15 20de§)iqts a sjmilar circuit to FIG. 14 but hayving

i BHAREPEREE R CREFEERANED S B NS E VAR RAS RGERhut

Rd&vis used in the low speed oscillator circuit to precisely trim the

oscillator frequgncy. This action pravides improy ficiency in_low light
condiions. 1 JERIN TE o L R e e
wiicaltsnrpttd dperatestiingott hvet S08itlehaeh e tyghorsiadeps ithsdn té by

apgd.2atherehy; AsRlelingsthe Raltan-oXSL M od, {g&f@%ﬂp&gy% OYATT W

removed from the circuit and the value of capaci was decreased.

FInRHEMBRSERPD ol CARIE AP A B sd b BFRITRET Y rp ifaenth B erip

veliage i she tansiator4 Thase 10y avamaRtscREpMIdehasS angedinatout not
sufficient energy is available in low light situations so that the battery will

MR N RR P SRp TR A SRR RS AT A RS SeEiRs e
atthibn g ElcQhAfEesisieh R ihpanduisisiae B8 fown fovMitkgsf charging

o R T R L D R R R o

ratie below a predetermined threshold. In another exemplary embodiment FIG. 15
depicts a similar circuit to FIG. 14 but having improved performance characteristics.
For example a variable resistor R19 is used in the low speed oscillator circuit to
precisely trim the osciilator frequency. This action provides improved efficiency in
low light conditions. In very low light conditions, it may be possible that the circuit
will attempt to operate but not have sufficient energy to charge the battery and
thereby depleting the battery over time. Thus, the capacitor C7 was removed from .
the circuit and the value of capacitor C8 was decreased. Further, diode D7 was
added to the base of transistor Q1 to raise the trip voltage of the transistor. These
improvements provide assurance that sufﬁciént energy is available in low light
situations so that the battery will maintain more energy input than energy output.

Referring to FiGs. .14 and 15, FET Q4A, resistor R17, and resistor

R18 form a voltage comparator where the voltage present at the junction of R18 and

Q4B is divided by R18 and R17 and presented to the gate of Q4A. The divider ratio
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WO 2008/100441PCT/US2008/001731 - 14 - of R17 and R18 is setup to

be above the FET Q4A's VGS threshold voltage with, in accordance with

an exemplary embodiment, a voltage of 3.6V or greater at the junction of
wRI8taho®@4B. If the voltage at the gate of Q4A is below thePEHES2008/4001731

threshold voltage (battery voltage is 3.6V or less) then Q4A will come out

of its low 5resistance state and the drain voltage on Q4A will begin to rise.

AsrtReTdadRIG iagengs Q44 alses, ﬂ’rﬁeF@ﬁthAVe ValtateeshobtiuciatowRth, in

chenel £ET, 445 2nc the drin ol 04 L Began o becams igte .

r8&IEtve G causing the gate drive on FR4S be Crease verall the

cgmwﬁ frecbRidsadd gt rdfivies aadiagotht (4 Aaind X \vH Ibﬂe\%uﬂﬁ’ehi@ﬁ

YA s B e G e

Mﬁsﬁ@ma@wdm@tﬁ@@mlw&%wﬂ bsEB eritsnda s dijtivplage

%rgaéef{am%(gé&e&h@ém& icig0taRItREed P ERMIATEr CORIPAHAIRE Qlain
In F 15, through the addition of FET Q7A, FET Q4A and Q4B 15will be

%@&%w%m@ i haROmO R I FSRITHC AR NS BRI SRIGVREN thée
badteerdeasbeenraharosecon m&mg&m@mwmm ailabeQaB will

ade le after T i entation insures t att
o R it A B L e P B g
sidfidiericediecgynadied femerthobateiy made available to the appllcatlon
circuit. 20Further diffe 4
of FIG. 15 el e I E R G W e thles Al B CHon
thdrookaigl alsgutatorned dronxgbing theentragiasdncardieagalficisnyoltage to

F%J\/HPE; 18k é&{g}lbgzharged without a load on the output in strong
light conditions. Also the output cutoff circuit was changed with th

addition of Q7ANE ShdSibratshbMIHEPBOLERRARIAY kil ﬁ%‘é”bﬁ%@"ﬁ@

naanlxséuﬂmmfgﬁm freEpphickisd camﬁ@;’vlﬂr@w@s@aﬁiﬁﬂ o g pateethe
7A to kee the i{from bei puI on durln ht cogdltlons

AR50 HHAEN o R YA BN o ee
dﬂ@ﬁfeﬁeﬁdaamsd e’ﬁiﬁtGdlptdméhmwmgmgfemﬂtam deegsplivathat thevieslfing

CARALRRR B SR ABPHTRIY RS0 AAR) or TURTORHPEREAS VAR

power is made available to the application circuit.
A Further differences between the circuit of FIG. 14 and the circuit of

FIG. 15 include resistors R8 and R9 being larger to keep the output of the voltage
regulator U1 from going out of reguiation (voltage to high) when the battery is fully
charged without a load on the output in stréng light conditions. Also, the output
cutoff circuit was changed with the addition of Q7A so that the output will not be
enabled until the battery is nearly fully charged. Further, R21 and C3 are connected
to the gate of Q7A to keep the output from being pulsed on during low light
conditions. Although variéus circuit designs with various circuit elements are
described and depicted, it is likely though not necessary that the resulting circuit
when put into practice will be in an ASIC, microprocessor, or other integrated
circuit which will maintain similar functionality but will require a different
hardware/software implementation. Such a circuit design is not viewed as departing

from the scope of the invention.
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30circuit which will maintain similar functionality but will require a different
hardware/software implementation. Such a circuit design is not viewed as
departing from the scope of the invention. WO

W20083100441PCT/US2008/001731 Referring now t@ETES1@8&01731

generalized battery charging circuit is ?Igpicted. The circuit may be used to
boost the voltage Vcc from a 3V level up to a level that is used to charge
the battery (e.Refeirvp dopuls € MidLE, mgehdadbrP Wit rpabagtiAg2inaly is

R SAEXApLE QL Which isdenicted, inFIG Bid 16

he dsedas acharge pur
to boost the Incoming voltage In compbination with a microcontroller

(BawtbtiyMansgtimehtrgirtiithatiry fnigr_écbwﬂowep@bnwﬁuédmh@r@@pww
%xa@%ﬁggﬁ%vegsa%@'g%ﬂﬁ%ﬁ%m%%ﬁq%f&wa%@eyaam;{%.

or sufficient level. Such software is detailed in the flow diagrams provided
i Bl @donet #g: Mhenwnervebrirolerambiadon tithe BHererovBRUg Rattery
maipiaipsdRiResssed iR dalaMalciR SRPARIRAIMRRD S GikHis

are implemented in an ASIC, while in other embodiments, the circuits use
oM BEFROYRIEhdGEa e GHiptRasnal frequencyjfouths parisahier stbgitAbtarR:
abevedaseiptiogetailtendad healilpsiativevadsd NOFICRUriEive. The
AItho#h nuger.ous chﬁacﬁ??ri tics and advantages.of sva%gogs. di
PR E AR R L SR AR A 1T SRR A 0845 R rg'él?rfxg}ﬂ? P tHecroregaigr
deesetiption, together with details of the structure and function of various

embOdime”tS’1@?‘6‘%9&%%‘?%?Pe%‘?4[‘?ﬁé‘§raﬁgs%‘P@‘g RAPARIIS AR,

appare_nt to those of skill in the art qpon reviewing t eha ove eSCI’IptIOI‘l.
Thbikcypethst grabipdisraits SHOURGUIE, UhePBROPE MHBEHIFIIRAY CoftkpOnents.

reference to the anReAde&alna RAalRNBIL e RERRREEded to be
ciuwale_nts to which such claims are entitled. In the appended claims, the

e

taErarieruanigroaReriT Y Richi el un SR e PR SIS R At ardagss of
ofiReuesnestiadaNns derpEsingeanavavbeield feapacinelyregoing
Moreaver, the te%ms "fihsé]" "siec ,"and "third,” tc.t.are ¥sed merely as

I ASERTRHOR-APETRT YERFEE S thBsd AEHTE A4 PR RBREYRE S their

objelsddiments, many other embodiments and changes to details will be apparent to
those of skill in the art upon reviewing the above description. The scope of the
invention should be, therefore, determined with reference to the appended claims, -
along with the full scope of equivalents to which such claims are entitled. In the
appended claims, the terms “including” and “in which” are used as the plain-English
equivalents of the respective terms “comprising” and “wherein,” respectively.
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Moreover, the terms “first,” “second,” and “third,” etc., are used merely as labels,
and are not intended to impose numerical requirements on their objects.

While the detailed drawings, specific examples, and particular
formulations given described exemplary embodiments, they serve the purpose of
illustration only. It should be understood that various alternatives to the
embodiments of the invention described maybe employed in practicing the
invention. It is intended that the following claims define the scope of the invention
and that structures within the scope of these claims and their equivalents be covered
thereby. The hardware and software configurations shown and described may differ

depending on the chosen performance characteristics and physical characteristics of



25While the detailed drawings, specific examples, and particular
formulations given described exemplary embodiments, they serve the
purpose of illustration only. It should be understood that various

waleeenatiaas to the embodiments of the invention described R{&i/bE2008/601731

employed in practicing the invention. It js intended that the following
claims define the scope of the invention 30 and that structures within the
steppabthesecthims aiddheceeqGiralentp be thovepe d floerapytinedevice,
hardwae and-saftwage conflgnratens ahaL.AnehdsserbRA MmN e
dcepen Ing on he chosen performance tharacteristics and physical -
chesarittedisticawflinmiePO0BID64iAL Pealusrosbtersdiscigedndethod

comRUting: AN AR IsARHiEES | Rk SXAPRISvARS Meg AkapmRBintay be

device, communications bus, or processor used may differ. The systems
ShEs\RRT G ARl B ADEYCAFE 99t HRAIBRERS S PEReESY LA SSRAT RS AR S
digelpsernl e stenuRRYifed ey nabberinviedtadifaiday, ichathiehand
they are listed but may be 5Sordered any way .as {o.carr ﬁut the inventiv? the

pPBUSRSRRRBUR BRI HFoTFStRE SBSTES HRBGHIEREI. EIMRENETE)

ermore,

- ofRefmplibstimbonsneeadificadions pehangtemmitemisiofthemayebemasle in

the desi ,o&eratin &:gnqitions and arrangements of the exemplary
e%gﬁe&ﬁ%ims \fc\blﬁﬁgi% c?epcaﬁma from the scope of the invention as
expressed in the appended claims. 10 17 CLAIMS 1. An apparatus
comprising: a first substrate having integrated-circuit battery-charging
circuitry thereon; a cathode material, an anode material, and an
electrolyte layer separating the cathode material from the anode material
deposited on the substrate to form a battery, wherein the charging circuit
is connected to the battery and the charging circuit and the battery are
both encapsulated to form a surface-mount unitary package; and



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 sggond electrical contact; at least

Cﬂ}gﬁfgries-connected transistors that provide a selectively enabled
electrical connection between the charging input tenfinal and the second
electrical contact of the battery; at least two series-connected

1. transigiassptratupravigrisisglectively enabled electrical connection

between, e secand, slestrical sRaRALAMBE RAERY A0 e RRWSH AR

terminal; and at Ieas% twQ series-connected transistors that provide a

seleb ol aBleHAL SRR BIAEo ANS A SIS RUERE ARy RGFRHNE the
cattexinimataind fherpbwenaidpurtteiabideho 2 icthenapp avhtisief toldmm aftathey .

whERTIPHSIBGLrgind diEditransister sars sannesiethwitl he:aliigasttwe and

neJeres-conne ted transLastto S t?at rowdF the seletctlvel% enabled ele%lrlcal

the DA EC AR AN GBEHPEH iR ot AR IRAP Bh e L S BEEHE &1 &ttical
contadevicthie batmelary whdiegd the dalrigaraabigiogis selectively enabled

based:pa-@nExpEnanapplied control voltage. 3. The apparatus of claim
1, wherein all gg‘}rp% ment{pned transistors are part of a single
Cific

appﬁﬁ‘c%?i‘gﬁl:gff f ﬁé%ﬁlréted circuit (ASIC). 4. The apparatus of claim 1,
wheRedfPHPEEENSBHEe of the mentioned transistors are discrete parts. 5.
An appasalilis tomprising badiestisubstratérbaslingrinté goatackelretitcally

co&%@?&rg ’tSr}ﬁégép(gJﬁH anm%rrﬁf)ﬂéving a second electrical contact;

at least two series-connected transistors that provide a selectively enabled
electrical connection between the charging input terminal and the second electrical
contact of the battery;

at least two series-connected transistors that provide a selectively enabled
electrical connection between the second electrical contact of the battery and the
power output terminal; and

at least two series-connected transistors that provide a selectively enabled
electrical connection between the charging input terminal and the power output

terminal.

2. The apparatus of claim 1, further comprising:

a third transistor series connected with the at least two series-connected
transistors that provide the selectively enabled electrical connection between the
chargiﬁg input terminal and the second electrical contact of the battery, wherein the

third transistor is selectively enabled based on an externally applied control voltage.

3. The apparatus of claim 1, wherein all of the mentioned transistors are part of a

single application-specific integrated circuit (ASIC).

4. The apparatus of claim 1, wherein at least some of the mentioned transistors

are discrete parts.

5. An apparatus comprising:
a first substrate having integrated-circuit battery-charging circuitry thereon;



18 a cathode material, an anode material, and an electrolyte layer
separating the cathode material from the anode material deposited on the
substrate to form a battery, wherein the charging circuit is connected to
the battery and the charging circuit agd the battery are both encapsulated

oo, rface@r]eﬁ)unt %E"E? rRRE ing mpu? gﬁ% ﬁf ?I%a u\g\%??}/ fitpathe

package SicE indudin INg: a charg
cathern mateaeé rsomicLie i) materaatmﬁpﬁmtqﬁmnmq@nt@aﬁayoﬁmmg sairery.

wheleifiicabroiiagt eleshicalytranaciethiobtie-graun %@éﬁa@hg@@mﬂvm
the%s conde trlcal Leon Fac&to fUat Ieast %serle connecte fransist
t

are b ITOURT uimitar e an
at provide a se ec ve enabl Iénea[ectrlc connectlon tgeqwee

chargsy okt %éwﬁ%%éﬂ@retéeésﬁaete%tﬁ@agcontact of the battery,

a low-dbavgaund-wpltagerding; (or Schottky) diode that provides a selectively
enaglﬁgvegegg{ga{ g&gﬁgﬁtion between the second electrical contact of the
battery and the power output terminal; and a low-forward-voltage-drop
(or SEASHRS) R hat provides a selectively enabled electrical
conrgbiioiiiveiveemthe dadrginbpiipgaéntinkk ok thenteweleouipally

coREPMAab the ground terminal and having a second electrical contact;

at least two series-connected transistors that provide a selectively enabled
electrical connection between the charging input terminal and the second electrical
contact of the battery;

a low-forward-voltage-drop (or Schottky) diode that provides a selectively
enabled electrical connection between the second electrical contact of the battery and
the power output'
terminal; and

a low-forward-voltage-drop (or Schottky) diode that provides a selectively
enabled electrical connection between the charging tnput terminal and the power

output terminal.



