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Application 11/458,091 entitled “THIN-FILM BATTERIES WITH SOFT AND
HARD ELECTROLYTE LAYERS AND METHOD” (Attornéy 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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capacity to power the device for at |east the length
of tinme the device is in use. Sufficient battery

W@ 2pagiwyl1 can result in a power supply that i sSPQUUSm™08/001731

heavy and/or | arge conpared to the rest of the device.
Accordingly, smaller and lighter batteries (i.e.,

GBLRFoSPRAIN B ek s bon G ERhuGT Bl & Bi 36 hiiricien
THPRAIGAD PEIWEOIhE dedidd fOTHR €At GRNMEXtIS bPNmEeld §Bsce iS e lise.

as Ehotovoltaics_and fuel cells, are alternatives to
IS eientdatieryrcapacityeangeswst iInApmyar s8pply thys it aitecheavy and/or

. - o ol . . : _
THBE KPR AR S AT Pl
tthat p@x@éf&su@%l@esﬁ afithi sa i Gehtfeherpypadregd araldeyirddo®itiger energy
materials that nmay | eak and be subject to governnental
sEyageAavings, suek ay Bunsirapacifars,iand gaeigy LANYBSIGR GoYiges, spch as
i.C u .1 . i.d- st .
PhBFNEIER, PRl AR B Sl oYl Eries B} b SyEhfEr Sibblies in
Poetably piecabnien asdhrogpesie apetribalappdicatiors. sol i d- st at e,
thin-filmbattery anpl es of thin-filmbpatteries are
descri bed i/%nqﬁ?es.dr%%%ofmsgverézogiﬂ?&ﬁee?s 5 the,fackhgt some are
FatttedGfom goéﬁaaﬂ;é%xiénﬁéﬁamﬂét réa;fl@Zk 21dPbe subjo? 1020
5,597,660; 5,612,152; 5,654,084; arnd 5, 705, 293, each
@bvevninehtal seguéationnAcewdingly, éttie dedisedrte pervadean elektScal power

Pat ent, No. 338,625 descr.i bes thin-filmbaite .
SERRE (4o, AP BRATE T AP QY ATy STHEL e life
@qug sane havi ng application as a backup or first

i htegrated power source for el ectronic devices. U.S.
Pat ent No. Gnesype 90an erssey-stosageadeiviverivg selidtstates thamfilmr

uf agt urin t hi.n-fi|lmbattery .stru 0 .
TR Bkt PRl bal RIS BbrBh U BaleRl BE. 5314,765;
deIB86 25t 64451906 HHE2, a4 7,Vi56100 0N ISIBEIRA1DES B 68.5DPDBISIN 660;
films are built up in sequence upon a web-1ik

SuftiFt ¥53¢ 8,684,08heand h 201493 epeh aflivbich s laeapiwn‘%ﬁ?p@r@ted by
. Pl ea = ‘
LD S SERALROTS 445 RO Byl et pe e i

ZDmicbybaldaryk ahd a desmisaainfoanchkdroyame havifigesppiiestionaazdh baskup or
ssi.gned to the assi %nee of the present invention

B RICBRAC P FHOWTSE oF GIERIE iUt e FBteRbof of45,906
L
WorghedRaitke thte riethod fHat ufi]i35Tha Eintality edeposilibh hatidhdat which thin

ét-lt-g-r%%or%%onem 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 referen_c'e)
issued 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 Batteries 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



15

20

25

30

W TH LI PON AS SEPARATOR AND PROTECTI VE BARRI ER AND
METHOD' by Jody J . Klassen et al. (and which is

wo pesnpaunt ed herein byreference) describes a PE/NSI08/001731

for making lithiumbatteries including depositing

' L|PON on a conductlve substrabe (e.g., a netal such as

dh
SeghaestrBr e nod ol TREDE i bl g g g feigRine
%'p@w B a CBRAULENSE Pilistrafe (2R AShblaPsuchfas OBifer OF akitifeiny BY
foll owed by 5000A of co In some enbodi nents, a
tdepasifing mcﬁromumdh@upn Eﬁy@mwh@s;l@h@mlm ircwipking fayee pf sigicon

1P LB OB T SR p 00t o

OF)F@Q &Nsonhdlers BHENRAROS HHIR filis drfup@m (Withini PR&$ Gfdﬁs
Li PON was deposHed over the copper ano

c%mélémdq) ds then fpraaderyslowtpressyred JOgnwIm) sRetter dea%frlorbef

lﬁthw%@q%% | ng(l_tlﬁls@g‘ﬂm(}ﬁ{rg%&p&?q a§§5b?&&%ﬁts HMAEL air

Fb’aﬁaiyyl &g, IClEH’ONJW@E déposiREd oedrahid I‘:@‘{ipﬁt encdel aohtaotto d thickness of
sonme .enbodi ments, the air cathode was a carbonpowder/

pod YHiEnens.cad @;Jmé&r@f ﬂirm@rm%téb\%@rmé\?e@ the gppper anode contact
Scf}ﬁéiééﬁ fheiof ttH?Lﬁgth%Q RYPGRYa 1#9%@635/1&&':%0%@%!3?6

ectr yte 3ol Gt i on. 1N ot i nents
cdtdadige coluticn. Ihayme ehﬂmdngerrtarthmm gathodd @8s a sarbon-

R pE Wt e i Sone (Expey AT chBrR L BB Spylene

Rfa%nq{emlgll’?lﬁror%‘?@@léct?&yt%%@ﬁfti@ﬂt In®dthef nBOIRAEAE & cathode-
cat hode surface, limting the ability to densely stack

| coptact lafy o havurggq@rb(m granvlie &l depagitedli sych(thateatmospheric oxygen

a ur Ther e a nee or rechar.geabl e .y )
ORI et et e itioRe Fedb T RS oo R Bbices prpyidipe air
H@BERTS sstantiady VRt @itire/ eRédeMuiface, ﬂﬁxﬁn@MF‘ﬂhe ab111ty to densely
manuf acturability, density, and reliab

| séaglrlaxere Eosthigher glecaicaheapaeisy fier @mphgarspwT s*aeewn@@si for

t

B L
ONgeovapsp Methqfnptrdmdabmue’adnmbilmﬁeﬂnﬁ@e dad reﬂSideﬁ\én\MaWered
S grovided is a nethod and apparatus for a unitary

W&t ery and charging circuit that includes a first

substrat e el g Be o GHbdd RAhLEIHARALAG which fal
circuitry thereon a cathode material, an an

naitlenitid scope df tre apperctedalaime, legyrdiess epehethenthey hecomplish one

cat hode rial fromthe anode materi al deposited
or more of rﬁ‘e aebove mentloneci needs. P

SUMMARY

What is provided is a method and apparatus for a unitary battery and
charging circuit that includes a first substrate having integrated-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.

What is élso provided is a power conversion system and method that

includes a variable charging source and an energy storage device. The power
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on the substrate to forma battery, wherein the
charging circuit is connected to the battery and

wepmapehnted to forma surface-nount unitary Pe/ks1pes/001731

What is also provided is a power conversion system and
met hod that includes a variabfte chargi ng source and an

ener st or age devi omerconver

SPEeHing ¢ FR00%S0 Btk ag BRI REP B X % Yetdble charging
\aiifca Bh& tHeeRe By Bora Pl &Bca sk drfeeoyeitbragy d&vies B&iflg charged by
device, the energy storage device being charged by the
Vg vatisble diarging Aejiree uF ereher fhe chewit inchusleg pn engrey storage device

udes en t
R SRR PL R ABALO BRI BE, b Wil
G Hea pangt RomMhe v afiabie chirz@p stohﬁce\dabelaw zﬁ‘pr@ﬁétéﬁmlﬁgd threshold.
source i s below a predeterm ned threshold. Further
Surther stll theceomyeispngircaitieglpdesiafestar sicuit perfigired to restart the
f t

SO N BT R g DRSSO LI BN ki

@bwreghibgirpppairbdm agprefepeathinhel lewela predet er m ned
I evel . Further what .is provided is a charging ﬁystem

The char gi fgirdigs vERt &oﬁfﬁﬂdgéés nchpsging sy gemp dhgichgraing system
T
% O?)Flges al Vb h% Lglﬂ%ﬁéﬁ’?&@.mfﬁ%ﬁ}gar %lﬂgg&ét@rﬁsals%rbo [s8¥ an

age devi ce. t he system cornpri ses
anelggstirage ddviceu |Hunrheu plheduatrging lpsteraconipriseschelragging circuit
sour.ce. and the eng stor%ese1 VI ce. The ener

SOBFISE L evipablF ehe ¢ G nPEeE Sy K nghe enerey
%Rﬂﬁéeedev-lrd'é% Gf'ﬂeﬁﬁ&i Wtﬂé‘ Vasidble dhﬁfglld%j%r& Ciw&%rgih‘g'@lrcmt

nd a mcrocontroll'er controlling the charge punp. The
crirrdu@e amhmgetmmm and mmmhmrgmllmcwtmﬂe@the chinge @ump The
the .m crocontr,

staaeomP PheeEr Rt P sttrminsd Bl tptiet Bcggrrotier

bt IEin @ HaouTBut I dhd\ehatgd Shrap ke thatsthe d0ipupbf P icharge pump
voltage at |east for a period of tinme where sufficient

@wantg@s paeletively stpady pamUévqalﬁmaf irast/far p apried ehtmgivhgre

. to
556 Bk BL N By A B e VR CER i Sl E, O
gener ally rekérhaihe ea:ehipearsz leibodim B fefatOSEREFATEh M sGnd
THE DRAW NGS_ A better understandi ng of the features
SAEbiMGians alteatupgs %sm%%g@?fa erf\f/‘%‘?ﬁdi igiheflrimsye
obt ai ned by reference to | ow ng_det ai | ed
descri pti on BRHE SQF§Cle|PtTHQN QFSTH:E RA WHYGH nent s

by way of exanple only, in which the principles of

i nvention &t Betgrundsestandngptithe feafuesandAdvay a&‘?sa%thﬁgfesem
Ghvetibf Wil 'bk gbta:lnédsb fe‘?mb @fﬁ’foﬂ%@%@éét&led description that sets

Cross-section view a partia
forth illustrative embodlments 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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manuf actured | ayered structure 100 for a unitary
package having a solid-state cell (e.g., Lithiumion

whaaosaeosscel | ) built onto the silicon substrat BCHIS2008/601731

charging circuitry built into the silicon substrate of
sone enbodi nents of the invendron, also show ng

contact ar f. the cell that are

phot ol | ¢ hodrik Riie & FYTBRIPRTEACTEAGE 9fHBe Baitpry package having a
@QHBJs%E@éélb’(e%"' %1911411&1?&?10&5%1%{%%&1% RE RO CAMBM AR A 3-terminal
used to singulate the cel t he exception o
siqbst:mthemputpptmput arsbgrpuid @rmihals an exenpl ary

schematic e_uni tar st.at
SRl SR VAT B s A R e

Gbligdtatd de1(@. g3 Llﬁﬁammi ba@l@w &81) vhd s charding @rehibt (a@lérminal
ground termnals. FIG IS an exenplary schematic of
tdewsica withainputp aentend élgmal/ﬁomgarbarykﬁor stops thgtchargang, opwugand ground
klthl% on battery cell) and its charging circuitry (a

nal device with input, control signal to start

and/ or st ofFithe i¢Anregnglarycheybtiefdsgsatoa view of a partially

termnals). FIG 4 is an exenplary schenmatic

anambacsued jayired sechre 40Q fr i valitery paskagakaviney scrlaar%ta@well
ZE ?ug,tlllﬂ u‘?? Z%(%)b% (’)( Qelgrﬂutll %ftlg)gﬁg K#96n E‘?Dt ¥iraQ aﬂd 1 s|c argmg

e ce iumion tery
kinchitrypwhirhtib ecrmardtely dabrécaost anaitleteaaithchtd omlmathg sulngon substrate
circuit r whi ch%%tgpsepar ately fabricated and | ater

S smp&AN sﬁ%en% IMVEBHOR_ ubst rat e of sone
embodi ment spigf stibg, éwﬁlawpmﬁh& %er?lsl%e%n%‘vwmhé‘ﬁﬁltary

schemati c perspecti ary package
ravkagg havingla ssHidistete cele(d.g. (bxtlgum -lontbattemydetin atpdhits erayging

b ERge i S BRsGLOEH S SRERERA AP AR v

L outPuttapd lor &R tgfrﬁ)ilﬁgg termnals. FIG 6 is a

- schemati c of the uni tary package having a solid-state

cel | (e.g. FIG. 6h$ anehicoratisaf the ynitsey pyckageihaving a solid-state cell

T R Mol PR AR

Li t hi um i orFlgatties ¥ckepdtic oBfigk wiifarg padkab®Baihg 6 Yblid-ytate cell
(a 2-termnal device with input/output and ground

(egnilihiuy-iombatisrvrell and itseharedhotiuen (as2-gfrmyinad device with
AT onf B AR B AE gr,
hedneioy. cel | ) and its charging circuitry (a 3-terminal
device wit hFIG. 8 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
invention.

FIG. 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 battery cell) and its charging circuitry (a 3-terminal device with
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i nput, output and ground term nals), according to sone
enbodi nents of the invention. FIG 9 is a schematic of

wo b@sami4sary package having a solid-state cel | PCEUS§2008/001731

Lithiumion battery cell) and its charging circuitry
(a 4-ternminal device with inp@t, control signal to

start and/ or, staop .the. chargin ut and .ar ound

it R e R0 B feiEin AR Bk imedt Pk sPBOGRREHISr the

iimwgfibhon. FIG 10 is a schematic of the unitary

package having a solid-state cell (e.g., Lithiumion

battery cell15-dhds 2 schenmsie gf thy witepupackgey having aselidratate cell

8K Sa 270 UM YA O LSl e vt

Idputsodpwcid ERdind tefminbB), wotdrding tpackagmbodiméigs af the

solid-state cell (e.g., Lithiumion battery cell) and

iIRNEABr ging circuitry (a 3-terminal device with

i nput, out : ' : ' ) :
p PG, 390G SEQHRGE OF megﬁlét%}ylat?ci‘kggé Qéﬁﬁ%%rg?lﬁcg BGte cell

enbodi nents of the invention. a sc

 @é.gt, héthiumh ian yatfeay kelt)enkdatsichgrgingsditduity (el -eeroshd] device with
-(e.qg., Lithiumion battery cell) and its chargin
evm@mwly g gSQlt"éirtﬁﬁ“h‘&P‘SSjé\‘i?%fé"’?&i P §Of ﬁmb,ogﬁﬁ‘%}%gf Bfid

gheuspdnt erminal s), according to sone enbodi ments of
the invention. FIG 13 is a schematic of the unitary -
package havilfg 13 is@bihdnsitiao theairitatyepagkagd havimgiasolodistate cell

S RN R AT i

tifysht ChREO! SignalQs sRktandit s&paHB ehdr8ingl 8t anda& 6@ dieRdinals),
t%ﬁ]sorre errbggli ment s of thepiqnven_t fgoﬁ@. &%FG 1}qi S a )

seenrdimgite some smbedisngys pkthe éaventignand char gi ng
cireult, aclﬁgeqh ?sga %ccf]e%l%ﬁg O?Q},JQQE'FWE ﬂ%&egtinr%z{wn% chafgi% circuit,

i nventi on. S an alternna e sC I'c o

Qb&drdnghakyms einbadmsht bBthg im@ntibfi.cui t, according to
sone enbodi nents of the invention, FIG 16 is a bl ock
di agr am and1§cAéintn eltenatig sshenpiaefancmsrgy hagvesiiog apd

e R R T U
schemat i ¢ dfIGa 16iica blookidiagrdre and beltegeatiowfan eaempladly clgarging
system using a charge pump and microcontroller, according to some embodiments
of the invention.

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

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

microcontroller 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
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to sonme enbodi nents of the invention. FIGs. 18-29 are
flow diagrans for the software for the mcrocontroller

W@M8g®4purrp, according to some enbodi ments of PCTES2008/001731

i nvention. DETAI LED DESCRI PTI ON Before describing in
detail the parti cuI ar |n'provea -system and net hod, it

| d e ob nvent i i ncl ut,.i s
iR ehaerured Akt B dveRt L om ok 195, Rl S,
G RY&H tnoPdbsthare ah & digelakurk MLt RicRPalCRIBBRAIES wall e readily
comuni cations circuits, and not in the particul ar

ceparenti@ theserskifladain tomart theaingghe bewefis pﬁthq:gieycnntm herein.
Shdriheh Y0 € nv'e‘&?tﬁ% Q%ﬁp Mﬂ%@ té’{hse a&?&ﬁ;{r. ﬁave t§ ﬁ%ﬂ&{éﬁ W the

of coﬁven FCT T Ui

rexeiphay diagheey) but $Hosld B @cﬁhstrﬂed hﬂibé‘ﬂ&aﬂ@swbld tHeﬁl@ﬂgda‘ge in the
underst andabl e bl ock representations and schematic
cﬁ*ﬂ@\sarrs in order not to obscure the disclosure with
structural [ h .

t hose skil I@ hf de? ?{wgﬁt th\éﬂhtélj\lﬁ ﬁ%&{l ﬁ@lﬂ éé%é’ @asgl? wflwtéaly pure
chixseie mtalkmdhmemsrand frolaléwaror cohmbinativandf wo ersmortelements, at
limted to the particul ar enbodi ments depicted in the
éﬁ%ﬁ‘rﬁp%@é mcagmm:eta Befle8rBlLl d be construed in

accor dance d ﬁnh Qﬁbgtﬁwmag&r ? %g??] {‘BtSt(l)ae IRy LiBAIStructure

descri pti on, e term net
ghigss drethaaicl worppieceghatgs ﬂramfolaﬂldd lry eireme ptacessapetrations into the

oys or onbi nat i S Of r e..el enents
S o P o g 1 e SR BHIRERrHbsrefhinclude
Sdéhaﬁdftﬁitg%ﬁérlﬂ(@@ch%% pér. YanPdsgsRel Qlumﬁuﬂrhﬁa'tﬁ:@hke)
structure that is the basic work plecet hat is

tinsatingrmatgriply(svelr ascﬂapplpm @e@mlgmmwtldmglmonsu&@ors and the

3?#35,”‘3' m rotel ectronfg gurai3 . I.n S‘ﬁﬁnf

&Fﬂ‘é“rﬂ“ ucting oL s S‘f° &56 &%t ﬁ‘8{}scef‘?‘ﬁ%“ 8% Al
(cduHinARnS @pp@xﬁlcoﬁd@nﬂg a6@ n&h-8&hicoAdwting Watérils tTR8ome other
like), insulating material (such as sapphire, ~ceramc,

ﬁnhﬂdagmté,/%bﬂw@rmplﬁégﬂaaletﬂdsst@ﬁ@r%h gughjgge)core sheet or piece of
Sﬁg&ﬁ;ﬂr{g&% dd g)nnlﬁh%l aﬂl 2 n‘EE Hﬁahh cﬁ‘&s h?@ﬂ}s coe dﬁ%lftarllt r?é’ thermal

nonsem con sem con

. aex@amyidn @(ETE)QhﬁtdﬁGﬁel dh@elmhefched &e (]”ITE 6Ddiﬁad}id®ﬁf structure such as

emhodi nents, substrates include |ayered structures, |,

A dhconspracessrechim da porge spsheerabesimeRisesuchia subsiraie gare is

i I I I

AR Rony Al Bech (F4ERPATR) RihdrhB conductivie
dbuchedsya anppe:h eMmlhmn(ﬁ’ﬂEy ahd e ldd))ackich irs turni i covereglueith a

ESIXEI% ozlp {r:]l?cgf,g %ctlpga u?s'ula{tlrg)n,ssot%lltsyl;l grrl]d gn‘gggslmrrgent S
characteristics. An electrolyte is a material that conducts electricity by allowing
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 separated by an electrolyte. A dielectric is a material that is non-
conducting to electricity, such as, for example, plastic, ceramic, or glass. In some
embodiments, a material such as LiIPON 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, whvich do not form

ions that can pass through the LiPON. In some embodiments, devices include an
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| am nated to a sheet of material chosen for electrical
and/ or thermal conductivity (such as a copper,

w@bkwsitendgm al | oy and the ‘like), which in turn i BCDUYBIE1731

with a layer of plastic chosen for electrical

i nsul ation, stability, and enﬁossi ng characteristics.
Aﬂsui?t,englé %l 1)6 Al \)g?r%rﬂ?)rlre(aﬁ(g dge ctr(l ga}ltavfn%ln\gl?%fg rrﬁeclesg t‘rf]lg.{ ca(%ll'yt 3 1gnals
taaulerwr&app@w&ﬂ herizeheallgeandniad mab@mgslgmgsmﬂaedmw po®ver

el ectrons. An electrical cell or battery is a device
rv&vtically detveasn deyesef aceat hode that are separated by an

el ectrol yt

conduct i ng hepteﬂllé %&l&é{ s%ehéa orﬁga%r #u% tah§§ rp/p[IBlePéhQincular to

phasiajor suedeadtiasubstiatgl lAsight drrdepﬂmefeeﬁr’ap@l di@ntsin @direction
mat erial such as Li PON can act as an el ectrol yte when
Pemsadiculan frithsimaior yrface ohp sWhstiaks- adj acent the Li PON

llayer, and gy IQ% c}?e%ati%%r%%e@élﬁp%uvcof*%ﬁlﬂ!ﬁﬁ%facmrea

between two netal layers such as copper or
vlbyemdsd simcnma 100 |fam a writary padkagahayaga sbhaletag&ndilr(e g., Lithium-
nts, devijces

Li PON., ?Q g in
A9 Ak e &uﬂt guto; g plcgRaybsfralzandits %@@%flmuetyy built into
hRY LiBodbshke loF 8688 elbBlintdHid ¥f Bk %ﬁoﬁ@so@h@%ﬁg Sotact

power horizontally, and vias that carry signals and
elrens tof tlt&adellgbme pleotoilghogryphiealiyedafinied ped gheafells (e mally

termvertic i S deflnedt mean, subst anti.al -
S F P Enidues 7 46 Sita SERRPEE Bl Hifh thY exception
ld?lsﬁtbhtna&rsu?g@& Babs BT8R 56mb @nbodinddrid) GButired] 0B ihembéPdlacked or
per pendi cular to the major surface of a substrate.

an@tlplpﬁ bagtery aeliheih Resogiatedsherging eircuiirgproYidig a higher output
t%%ally manuf actured | ayered structure 100 for a
ufi Iy package having a solid-state cell (e.g,

Li t hi um on M@ Res ¥ seitnakiclufithd uibitirg phdkags 200 ﬁ@ﬂng a solid-state
substrate and its charal ng circuitry built into the
selli(ean Lithpsnipn battesy cg h@deu%@wrgfﬁapgcwryt(hé -terminal device

. . : |
PR Doyl 8 RSN e i RRER, R B fkn
(ioyantional | y photo-1ithographic techni ques are al so

giggt ﬁ gt 2| glﬂgilp triieais Caef‘fc:q{ th t ne g%cgg%{)@ﬂavmg a solid-state
Sc%"l WeE UL §httRoh BQ&%J’?%%]I? 1@&1@%11?‘31&151 Ra Q%Fnﬁﬁéﬂ device

S, with associ ated c argi ng urtr providing a
hwighimpuo aomudl signiat tptart EdZor Qop ﬁmchmgmgmlutmlt ehd ghmnd

nltar ack e 200 havin state cell (e.g
rninely BB ETE e sPree prpodatpie e BRIEIRRci roui i1y (a
3-term nal Id@\!%@a%ﬂelﬂthi&%ss ettidiiew st a?t%ﬂ@ manufactured
term nal s), according to sone enbodi nents of t he

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,

output and ground terminals), according to some embodiments of the invention. In
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invention. FIG 3 is a schematic of the unitary
package 300 having a solid-state cell (e.g.,

wapdokitenFieon battery cell) and its chargi ng ci reci/us300§/en1731

4-term nal device with input, control signal to start
and/ or stop t he chargi ng, outBut and ground

t t di {
SO bsrime R0, Srdéhy aBd RBHE R Ter s EaTs B AnshatRdduyody
anﬁ»@f;t ba"é'khge @ﬁéwtsaé:ép&%nb@sara%a $§iirfad€ hwuﬁt( &Qﬁ)n&l@gy E&SMT)

unitary package having a solid-state cel
Lpackagertoibsisolslaraddp m:mltetd)cnmunttt onto the sili con

substrate a n rcuitr .
separat ety Fiiy i aceibran yIbd Py Fos e By pE apgic-state cel
Helgl,aqmislsh bé‘ﬂ'té?’y QEl1 paEItsSRBOiveR Rk i) citduftry, according to
invention. FlG is a schematic perspective view of

tw@wbc&imem@r{ﬁgenmtong%n@uﬂ methedsmay beempiayed to charge a

éth% apfg’qp&?&ﬁ %&B?%%teé?é\éeﬁ éésrbgfbeg %@? s%t@%ncﬂh'ﬁ% tE 1{‘15% robust

ShitesonvéralondENth@en-Yért dnd lihitim polyireuteldyatithy mped to recharge
termnals), according to some_enbodj nents of th

iTAGEALS.- & Somp swkad 1@%\&@ﬁt@ﬁﬂ%thotwct?éﬁtsgltayc%lltdmagnetlc
Clﬂé‘nli&foﬂgth%hﬁﬁété&ﬁé’ d&ViEes® QE@@%E&&%&& g{}té?la %B%Xkes the

such as a epoxy-encapsul ated surface nount
tcmcchn mh bipuré &Migblgfae kieegthirt-filrh solsdbtdterbattetyos shepfactheickhe

ircuit. Fl 6 |s.a. schematic of the .unjtar ackage
sEHay bp tharced SERIDNTORE A porentioriia b Sia) e Py without
Gkl Yo stahScurdH %drt\fe% AT LR Gits 'cﬁ&%\/aﬁﬂnteﬁcgpﬁﬁbﬂgg

to sone enbodi nents of f elnventlon ri ous net hods
ndyrdoncr hptanye thetepengyanapecity daftsueh & bhtteryas te&tyvetmalh as
eriies of. being solid. state nd t.hus
Vitb <ERyeOLAR orde PridtisaraE A TR A IFTVIAG 40 B fow
ARlINWEls sﬁtdvserm hétesREPRGIrol e tIRC KA GIRe BBEBRTSF cHaging the
sone enbodi ments, such nethods incl ude solar cells

rthrnBin baﬁtemzlurt@ fom minyfes. niesogset wlzoddrévmtéetbe Cbafamg device is
n?eznggie VI agﬁ 1%% Atio lvg'lt e%tattg&kgt?t 1% ggt ests r{(tllﬁ t)ha o

gure h'so
Iifteprged. act that the battery may be charged
efficiently using a potentiostatic charging reg
wi t hout neel® Yo8Ic @ehpdimpntscagrshewp 18 §ifp ce ghe éfatfeéwsrecharged

g Gy fibddsSof rg&%lgg eﬁ&ggtlﬁf)ﬁ%h 9 éf%ctosgﬁg%ml W{@gy Sl{a;ggetlcally toa

ause the ene acl a ba _
rlﬁ[mziry\oellyvmmtdctrldabmﬁﬁac&d amzl intercarederytd woialge kégulator to clamp

o st o2 ) edusigreon g pherginens ToBe PGS (paior e
fﬂter&%@ﬁﬁhﬂ% (.88 capacitor C1) may not be necessary, but rather pulsed 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 chargtng circuitry (a 2-terminal device with
input/output atnd 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.



10

20

25

30

thin-filmbattery in a few mnutes. In sone
enbodi nents, the charging device is anenable to direct

WO nioggemEsi on with the battery, but is not essePCT/E52008/001731

that it be so integrated. In sone enbodi nents, as
shown in FIG 6, the battery 1% recharged by neans of

LT o e T N

CEtie BCArRY/GH1A chdth SVhéeani ok dsirablé @b bRGDIT the tbddriurreft to conserve
clanp the voltage at a level consistent with the
diearai Age dingrag shows 2 Hmepdut grocontrpbling ¢qudd plsg be driven by any

I

tacofdéng 0 @ldp3tdtime @r deter endrasbeortisg. may enpl oy and
i ncl ude Boost, Buck Boost, or_other. swtching ener

managenent PESIRAEREd akkaberBAY! Mol ardertp @se 7 qgad diode pack.

?g? FS‘?B b€ aR lr_llh{ﬁﬁe%‘fi &é%'iéégﬂﬂ&'ﬁﬂﬂx%ce é:r'j thi oﬁ@ﬂt}&iﬁ% Uehal

e.g., umion battery and 1ts chargimng
girocassdrt Supply Axpeevisarpete., Heving en wutplt toqamtrodbtiteput and
ground term.nal s), according to sone enbodi nents of
t45EVFHRAGTREFOYRLO8 o R chases cahgoF st Igte@mﬂqnoq?tﬁ?mhﬁ@ev
o8N pdhehisTBh bt RBlorkRhEEH 4 V&bl Gays.for a fixed
period of tinme, then disconnects the chargi ng voltage
from the batk er yTHhdscretenconepansetd cam be packaigeodhar @multi-chip

AT S DBk B Gl TSP BT e
Z&H&forcurrent to conserve power. The di agram shows a

tinmer, but the control line could also be driven by
any nunber 3 i nBeme ar ald of thecdiodes, transistoravesisiorpuard timer

t I?) Erofépcu?tﬁ%%ﬁlier\éeaﬁpnica%qe grcar!l BV %gt%g io%ghé g’lli?('()]l? gqsfg)ghe[ge

C
time or o r events Occurring. cou

asuBAkitdovafer prictad baftetySRarufaitad. et thamitallikition Udyérs
be an,{egnunber of devices, including a tinmer

rAcePYiedifiuripe bafiery mangieqtuns g sg¥B S he iptsrepnaggsdiepyessrthe
S R ARl AL ARNL e MR minimicine diseret, |

| cohg@nartt conn bvéral paclcdpa fg@print) tndhssembhocdnt s can be
acconplished in vari ety of ways: 1) The discrete
conponent s gan. bgorB%@Ré @aalerﬁj“éf}/%‘ir%'?ﬂs&?{ﬁp' CHBH gand other
Yah&tbn §&h@5‘rﬂiu@ﬁ)é Qgg@ghgr% —RUTBS dksbsied BYotSHr after the l%attery

connections to t age exterior. 2) Some or all o
tHae bderothbsicated an thessubsate meipgsnlojes or othadprintimertechniques, thus

minimizing discrete component count, 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
inventibn is depicted. In an exemplary embodiment, diode D4 could be replaced
with the same diode used for D1, D2, and D3, so that a quad diode pack (or two dual
packs) could be used. BAV170 ié a suitable substitute for BAS116. Many other
diode types are also available and can be used depending on the forward voltage
drop and reverse current blocking characteristics, in addition to size and cost

considerations.
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control circuitry where applicable - can be fabricated
on the silicon (or other substrate) wafer prior to

whaisaeossmanuf acture. One of the netallizati onP¢HYS2088/001731

deposited during battery manufacture can serve as the

i nt erconnect between the charlfe control conponents and

t he battery' el f, thu.m' i m zing di,screte co ne
count - over B SHagRaBAN SO ppY HetarS peekaEs Biping 30B04-Site cell
3. S(Lﬁﬂmﬂﬁ i8h bat@ry cB1§) Aidacieshardif @BiséustrP (S4-térha ldev e with
and ot her functional seniconductor conponents - can be

depiseanstp! pighalrte start arfdfasrstarhtde ishangingy owayt anskground terminals),
p;%?%r??n%t%%g%% n%gb%g?nqgft% bf {h 1%& | ?g{l ngnkgﬂlleeéxeg{pégrty Ulbodiment,

QI RURdhalCRds SUlfb‘d%ﬁ{/éryﬂ@Wlf)@%rﬁ fcafibr}, whefttthe charge
assenbly cost. Referring now to FlI 8 a schematic o

tqqetrgwfcwtfapé)éwgt@h%vn Ayl off seqarding e pertaie pyenteogto simply
I(‘c'ghgg_ e 6\95} bﬁ'} t/%.'iﬁ{ré%% )cafrflgg d 1tvg'n ﬁ{éﬁrotg 'lcﬂig H g HH&F,yfor

M nal Jevice with u, groun
teaipial 4 juadidiode gacigcdudd §mvat1eelh”b,dntk rm]tasd c]if4 t he
invention is deplcted In an exenpl ary_ enbodi nent
d| ode D4 coRtfaTHE navpiokiKy lmswh@rnétl%‘aﬁ%e YntRry paskage having a

GOk St () Rt ooy Bi £ QRERRBERp LBy (A 9Rermina
sistbs:b ivtitht |mpo ouPAshndlgroudh teymatadter amtouhl@ toysoeee @nlodiments of
so avail ab) e. a d can be used depe on
b RaBEi R iegistel Jf S asHb BT R ERS CUpdsciT gy be
GBRRAL With Bld afhe difdAekdU thiOD2 k6 tisit éeiuﬁﬂﬂog@ﬁéck could be used.
considerations. FIG 9 is a schematic of the unitary

B WA ismsnitablesubstitig-for BA@léél | (e.g., Lithiumion
battery celb

dovi e wi t FOMGD HerE o P B ot gnkibEnefotine i BF LGy T e

tHaGe§eHatien g&emp&wet@ﬁﬂna{@ﬂmme ERdrp@tifik; thass Matlewntdoff the
to sone enbodi nents of the invention. In one exenplary

éwﬁeraf fﬁ@rntthe load iwdhep she baitery seltpgiedlesaistte @ Impif velae:yan lcvl/me
ARG o AR GRE RBan NP s SR fenf BN A Ing Bt o

QlisdoAn&itsT fyonc e e @ i theesventTthet thé:bﬁli@‘? dbvﬂépsCzahhrb or

driven high or low froma tinmer, for exanp guad
drgsttveshert. ddin Wowd puevsat Bﬁhorbzlrm{aefm@ﬁamwss%y FAIRiRg

s Gk I L o
dendtjonahy. i t s charging circuitry (a 3-term nal deV|ce
some. enbodt AR Becrortieeth e GFETRES aabbe Pudise omgelL
qx&PRhaty, 184HRadr IRRless RireRe nunf®ImRS;, 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
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replaced with the sanme di ode used for D2 so that a
dual di ode pack could be used. BAV170 is a suitable

wGaastiowut e for BASI 16. Ot her chargi ng circui PGI/EHSM08/001731

possi bl e, including those that shut off the battery
charger after a pre- determ meld -anount  of charge ti rre
Qo cut - of.f th tter fromt

BT De) Thrt Ssnianig Boantt haoRPinae g deh e cates
ffosisomtion. HuskaNinet ande/2a4t powkiReatin kidBdi@ry Vdltagy doRRIN.
flow to the battery or disconnects it fromthe circuit

in the everReferig navetBlG. d2ya S@b%ﬁ%@ﬂhe waterypackage having a
BR43falke gelrc‘(g%tm h-ﬂl]lglr g%gjttg'ypcreﬁ its chsag%\eé C{%{:lgi u'(%é-terminal

romunnece ning-excessi ve

e ite SWhdinput, rmﬂpﬁharm @otnd esmliald) rbo@oid@r%to@onfel drbddiments of
functional ) t AI | of the conponents in the diagrans

dbginyentiy is seistedi n sl |, nexpensi ve, |eaded or
| | f |
eadl ess SLifIha‘i? rgrib@g’g%ta &eﬂ%‘iaﬁ}r lf%%atr@ O ﬁ}gtgﬂﬁg’&a

circuits be e e package su
Iheanhgmhdkstane ceit (d ger L(t}h.l(i(ﬁ)-r,onrhahbny azhi p)ndmd charginhcideuitry (a

bal | iéﬂ array mcrg%ai (uBGA) . éemln
ﬁaterza@é eyji¢s) Wlt%rre:p%t%érr%a de St?W@ o &iopH ¢ chargingoputput
%IH Pdﬂndttgr%uhﬁ‘lg 'd§éd?3mgfto ts&rﬁe gmbedlfrﬁ R Paht Glvenfiof.

h the contrdl circ eS|gne to charge. FIG
11 is a scrieerfartnrxgrmiwtorﬁélﬁrﬂﬁtmgnep@clkagasthgycmghtmmng and
sol j

g G0k ey o AR i B hems o
iR trcui@Ut £ @ﬁb@a@ngmmrﬁ;ﬁrs@r Babitrgy acaswar dagvEiQion ARt
enbodi ments of "t hei nvention. In an exenp

ary
aletsolad rrehttemamrmad: Pukligation s Vﬁ@a’AOQ@/OﬁB%Ima@% gningernatsonal

Rlnechfs 81080y e Osal 1 PSPPI REDVETHO RS vk,

FHEPRLING alND mNmepwmgﬁ WHREDBS8 DV ICES!t BY Regan
cell (e.g Lithiumion battery cell) and its charg

ape gt alr W&wh@hﬂehwmncww B refﬁrrrrrﬁutclr@m 9P capprises a
t%%gr&‘ Bg%sfé § r%egelr géncfe%S&fJngth@Fé% _ﬁlcgJE‘goﬁ”?Ogﬂicgﬁﬁ%ﬁergfzed as
evaasiploa )R is alreedon. ché blidkebat ¢aivyertgrania@mckian tdghaitain a

solid-state ce|l (e. Lithiumion battery cell) and -
irglati vy comsigt ehrrema chltaga Fhe ¥plagsLompatAtefe CINPHSIng transistor

(%Bglréfld &S %8 ﬁbgﬁﬁ R VA (ﬁhl%g Ewﬁaﬂﬁ {cs élg%ngbtghe batterles from

gi ng, output “and ground term na accor
Shﬂ‘rﬁol&lgb ocguleot wher tltefaeisiimnéﬁd:i'emirvolt@é tr chiargp thehatltcﬂ'les For

Iz:lxacl%np €, frariasrr]stgrrs] 9(53(3/3\( an rQ\éev% I turh o ?rgr?sllgtlopsnégg agcri] %3B thereby
isolating batteries BT1 and BT2 from the charging circuit. Integrated circuit U1 acts
as a voltage regulator to monitor and control the charger voltage.

The voltage from charging circuit (comprising solar cells PV11, 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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control circuit 1800 is depicted. Circuit 1400
conprises a plurality of subsystens or sub-circuits. A

wGasyetsem 1410 conpri ses an energy or power CRPCI/ESHDEO01731

circuit detailed in International Publication No. WO
2007/ 048052 having an interndBi-onal filing date of

RPTNE R AIE NS BT 1 B 5 aeBend by

ReARRIndR Ler6 leakthge @Rfneiiheh theSbAMRFiBé Areinfd€ BEIRL CRArBEM B there is

reference. C rCU|t 1410 conprises a buck boost
cohsficient povdritgdeapi SirchiidBadingrthemdesebed in UhAi Biblication

52BOEfo B P b2, n00 T Yhlfe PP yaeRy

FRECH ARG NGRS YSTEMD ANY 8IE THODSR| by 8efre P BPS4tRérind which is
conprising transistor Q, and resistors R8, R9, and

Re®in Meprpesatedpy &ﬂewgw JrensistorRsbiis nted thaend:s sieralitp o
h?{ocg}lt}@%‘?t at 918 %gcﬁ{f%{oht%r %a@ry'fgrsllﬂt)flitcgtju?gnénd control.

age
tTifsugs 34 00 5nd134&oadmlnlﬁﬁe td drlableliestaming dfltlmsﬂasgiﬁg 8ir€hB by.
and BB thereby isolating batteries BTl and BT2 from
kb ZiEg poyien §or] the @atterqurg gy pRiRGn oy hiely pyeryjhingchag bgen ghut
age regulator to nonitor and control the charger
voltage. The voltage fromcharging circuit (conprising
sol ar cel | dnlxlexémplary embedinchgr@rangt klil6mwenipsises slow speed

b t d h di od G it 141 .
oAl §ﬁ%5|1%§<£§v€3ropﬁré%§§@t Fionk 56 ) and p ghcias i fecor 1440,
d_oo%@@e%de lrmbf é@@,e hvg}ﬁ%ew%s&naeﬁamﬁb A HeB80 98itch the

res 0 val ue turn on causi ng
bk filnpedanhe toudh outpelt papd:dange pilmarR exdmplhey enobasémentothe

U3. . Chal di sahl 14
SRmeERPa AT egeRa“Gpanhdded srRarret Mactdhidpeludige but o
Sinhitddao @Matﬁ%he@fr@ﬁ%%ai%ﬁ&hé @ﬁéf%e Giré sl §tarthgQhe

conprises two gate switches whi chf unct i on
mbarrgaigrﬁlmurts pBe the chargone Ctlmltbwefﬂa‘i’ﬂ}dt Bawn Serdagkrof charging

SRUEE VY LRG APRIALTRAG 510 SRERHE LEELSBGHOERS (oo

PRVEsS B2’y ged here

swfblem“emprelamlﬁea thiesifold. ﬁrmuhetr eicéiﬂ?lar)‘selflbédlhﬁht FIG. 15
described in U S. Publication_ No. 2008/ 0001577 Al
fdepists aoimilar Girouit todd; 14 bt havirg impupKedperfarmaTqegaracteristics.

Eﬁg@%lﬁ@lv?yﬁ&@}@ iDPRME I %‘%& tl'EMo Pgé'oeyscl?l’latcﬁactnjewt to

ereirn 1ncor erence
'Eirafih&il)strmi tl@dﬁcllhto.tsfeuﬂlubmc}s €Ttds actmngﬁahdts}mﬁ;heved efﬁc1ency in
' cr&gontrol | er that no power ‘Jﬂs going to the

h?qné.ltilcn@ ah¥erydavight cenditions, & May ke malb%4t§et the circuit
Cvan%@ﬁ aht su{&ﬁth%% hﬂﬁc%t 4l ﬂz)acrh%%}eh@ bét?é%ytaﬁd

uti | Zln power fromt ebatterl s at t pol nt

\m&reﬂny depdetingthe batheary overetimshhus, 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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down. In an exenplary enbodinent, Crcuit 1410
conprises a | ow speed oscillator 1430 (e.g. operating

wa@eooahandt1 500 Hz) and a hi gh speed oscill at or REH0S2008001731

speed oscillator gates the high speed oscillator’
(on/off) and helps to mat ch-tlfe i nput inpedance to the

Sl PRSPy A BIGEPER B3RS e g i

fabeurarRR Svith&d éi@:lrrl}ﬂar?l&nbﬁ)@tméﬂtn& Y SlEhge @f 3OV 8f regter at the
battery fromdi scharging to the charge circuits,

sunstion og Rl §and R4Eyi ghaveltage @sthﬁf&a@roftw inbalg ke VGS

N N A L B

b@iit@’fc)é swtd ArDe dedip vbhazd anQbaIvoN teght t@dﬁeemmi the dram voltage
thr eshal d. I n another exenplary enbodi ment
@E R Gses, e gpieairiveivodags isyreduaeeito P£hagie! ﬁw i %B and the drain

SIS LS O GIRASAEY SHA R (Bl AT O o
@sciebdedtsoroveratlahi tirduit lecemies elt:g,ent:ratwe tahé bothaQ4 A ahd |Q4B will

frequenc This action ov des i nprqved efficj.enc
|bs®1m%ﬁ¥f Qkibsing Humed Rrya) Ipherogiuse K tOURH APR @H@X cirguit
T8 B%eREBhicted fdth thdBatkdycui t Wil attenpt to

operate but not have sufficient energy to charge the
battery andntfi€r &hyFEIeQHAtanddQ4Bievild &t tengd ow end thermpplication

Th th itor C7 d f t ' i

ISP 5B 157 RS b bR S potame
HiPI61tdIe doRDa jto the base of transistor Q to

raise the trip voltage of the transistor. These

i n‘pr ovenentls FgGoli,deroagh Lh%ﬁd@lethrh@ftFE:LQﬂﬁcheﬁi QdAernghQ4B

w:oﬁ ah@tl]lqeoﬁﬁp 1c%€0t csixl'cfg rvg o%rl]sf’] t?j egaoneor{]z}{ when the
(bbittéﬁythas Bedre¢hatded drondrk @een enbﬁgl@@ﬁ’eré{b,ls &hailaldd Ao charge a
resistor R17, and resistor R 8 forma voltage

mdaaaﬁry\mﬂwmmgnmat% @sbfeéél@ﬁﬁhea%ppﬂlﬁ@nqr\mtquptowll
Ayl G0 PaEY O LRV ERE R biflerd (R REERlen( ARGy whep eyer

@Ed'eRis IﬁadeSavaﬂihlBtd ﬁleb@ph&mm dileeitFET Q4A' s VGS

threshol d vol t ag accqor dance

exenpl ary di5Bar &‘gﬁy{encﬁs b?ﬂw g‘ecFFrCB‘thFi)g b‘}r angl the cigpuit of
e, ijﬂdd@r}es@&g@ R8<3a (gg l%lflg E)QT éﬁ ki AGR ﬁtofttﬁhevoltage

gate of QYA 1Is elow votae
remtlater Y 1 faim ggiagiost 8f r&‘g‘ukatloh éssiage hehigh)when tHe battery is fully

Ok Sh 578 BIGS 705000 PE G R

rchﬁﬁﬁelréu'f'tew&aéh‘ﬁng’éd W&h vmé atc@%ﬂ <§f Qﬁd 46 @icht ki &tﬁhmm{m be
T Q4B and the drain of Q4B began to becone nore

reesblsd untél theibatteny is rearlyfoldy dlnarg@d orurthea R2! grel C3 are connected
to the gate of Q7A to keep the output from being pulsed on during low light

conditions. Although various 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.



20

25

30

decreased so overall the circuit becones degenerative
and both Q4A and Q4B will be turned off. Q4B being

wao eoosgab4af f Wil | then cause the output appli cap¢DES2008/001731

circuit load to be disconnected fromthe battery. In
FIG 14, FET Q4A and Q4B wil-1l15be turned on and the

i . . . M | o | N
The ener gy B EmERoN laIc” 1R BeekeliZG 5p By dheshg Fppuic i
\depicege mfﬂﬁ%ﬁﬁlw%' ¥d used kdbddsEthehltab o Veb @font A8V level up to a

addi tion of FET QrA, FET Q4A and Q4B wi || be turned on
denel thae isapspd te ehargmtheibatenyt(esi 1 VAl sb pobsetwidthamodiator (PWM)

nl n the hatter n _c r. n,:
St SRl B 0B LB o BB Lo BE B SabEs i i
hat toeaost thiisconiiRg @Hﬁﬁ‘%eah icombirasigh et daticrb&éntroller (Battery
application circurt wll always have the benefit of a

MNanagemgat Gaenibailihe myicencontioidr cpetielledharge RummMay drclude |
e G R A Ve

tSueh softwarietis Oétafiédan the floncdingtams @sovdtat & R&san82R The
bei ng |l arger to keep the output of the voltage £ . .
megiAcar@ellapinyuresrhgidhe ghasae veltagedy maiitpiprd ng dagjeediigput
hi\gp) when the battery is fully charged without a |oad
on the output in strong light conditions. Also, the
out put cut dhfsomieremhcdimergs,chacigadts\erd implementediin awASHE,

\ SO0 that the output will not be enabled until the
YR pUIEE crbRingenest i st Jocions- Qi A CIooEEeL CaPORSS:

are connectieg thpetuiBedRIoR tRit thdbdve dk&@Dtiohss Ml to be

from being pul sed on during low lIight conditions.

Allustratiyéy and mobestristive uh tthalgbingmeroust dhatesteristiss anid astyantages of
el enent s, ar.e descri be d depicted, it.is.lik :
SRE0EErinEifeb S dry P Prd ot R Rt phigotf i Inéotbagine
Ridécription, EehE! wRh \Wetalls BEtHetrabuSAd fuRt GSOHf RERBSOr

or other integrated circuit which will maintain

smbodanertty meanyogrber empagimentp pnd ehaggps © detailsrwidl kaapparent to
re4:50f Ll i - [ '

GASERSEAA G ST PARRRL B Biue FUERofof Tteboe e

tithveention ehdul 0 be Rbé@fare ndeterminddow fth Eeferkice ® theappaided ethims, -

battery charﬁi ng circuit is depicted. The circui

ongswith ths TBH ssepe: dfeaybiateatidoveich pusin cAaigy ar%erart}qqgﬂty the
0 i c: 3 ot bot : .
Ot 8 RS e 0S80 Yl fu-Engie

egevakatsaoftharegpegpivapernan‘cemprpihg” efd aherbin, Sredpqetigtled

. in FIG 17, to hoost. the jpcoming, yoltage in :
é@ﬂ’iﬁp‘ﬁ%{t thg ferms; 1r§t§’lm se¢ 2@q&£}tﬂlgql,y (Sgaﬁ%% p@ed 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



Managenent Circuit). The mcrocontroller controlled

charge punp may i nclude software which hel ps to adj ust
wG@@nabo4iir equency to the correct or suffici entP¢€EUS1008/001731"

Such software is detailed in the flow diagrans

provided in FIGs. 18-29. The MWitrocontroller insures

that the.char,ge voltage is.maintained at the desired .
et PG SRR arRHRLRIE B e bl fofSi vice,
| TRIRITR Ot RASs blds, dR pAsdessor Whdd Bay Biffdr hdhe eyiams siRsvirband
the circuits use one or nore discreet conponents.

[t
idsseriped arqipeidinsitesbig theiptecish detaisvrd eentitionstdisshosed. Method
i nt i ]l Us Y : : | ctiyve.
S CRT bR B P I it SRR oy may b
\Grildredianewagds rRirs ag tekemeentbethroedsewithbavdepagaig Bah the
forth in the foregoi ng description, together wth

#60Rf 9fsthe mventions  Fughaimeraeher swRstitionsmogificgipns, changes and
SEPSADIEE S pe R RSl RO TR Sy BAOAE B SRnsof

- lgnemplaey e@bbdign enbew abeut elepasiag ifiphi the.scdfeeofshe pvenfiort ie
i nvention shoul d be, therefore, determ ned with
eSPEF B thoarRfadethaiitfed claims, along with the full
scope of equivalents to which such clains are
entitled. In the appended clains, the terns
"including" and "in which" are used as the
pl ai n- Engl i sh equi val ents of the respective terns
“conprising"” and "wherein," respectively. Moreover,
the terms "first," "second,"” and "third," etc., are
used nerely as |l abels, and are not intended to inpose
nunerical requirements on their objects. Wile the
detai l ed draw ngs, specific exanples, and particul ar
formul ati ons given descri bed exenpl ary enbodi nents,
they serve the purpose of illustration only. It should
be understood that various alternatives to the
enbodi nents of the invention described maybe enpl oyed
in practicing the invention. It is intended that the
followi ng clains define the scope of the invention and
that structures within the scope of these clains and
their equival ents be covered thereby. The hardware and
sof tware configurations shown and descri bed may differ
dependi ng on the chosen performance characteristics
and physical characteristics ofthe conputing and
anal ysi s devices. For exanple, the type of conputing
devi ce, conmuni cations bus, or processor used nay
differ. The systenms shown and descri bed are not
limted to the precise details and conditions
di scl osed. Met hod
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steps provided may not be limted to the order in
which they are listed but nay be ordered any way as to

W@ 20ss00ut -t he inventive process w thout depare¢Tysiongonmi7si

the scope of the invention. Furthernore, other
substitutions, nodifications]l7ehanges and om ssions

may be made in the design, operating conditions and
arrangenents of the exenpl@Lnlbfodi nents w t hout

Mpald dimignddriom t he scope of the invention as expressed
in the appended clains. CLAIMS What is clained is: 1. A
hef thebEIRPRIIRG: providing a first substrate having

i nteg = Gl e LA - Lng._ Gl i _ . i
deposPlianE i oRBlE bVing IREHARE,ICLR bl R Bicuity
dreegbe; material, and an el ectrol yte | ayer separating

the cathode material fromth terial to

d f
bat t oASPOEIERLE HUPHEAE AARBPAG MEFTiiah A1gd¢ gterial, and an

Q@E{rgp’yye'la%d encapsul ating the battery and chargi ng
circuit to forma surface-nount unitary package. 2.

The metpanatingfthe cathodelmateniel fom théenadsrmatertialtg fomm & fhattery;
conpri ses: .degositing a multiple-layer vapor barrier
havi n§OHeCHBS e chaeel f‘_é?‘“{ té’)}g? ,Ea%%'raéﬁdn t he met al

layer ch&pdiging theaRedy drieladhladtif@BIRASH totfBan Rat#BEe/mbant
the charging circuit. "3. A method conpri sing:

pnicary piaekpga. first substrate; depositing onto the

ubstr at.e .a.cat hade  mat.er,i al . j.al., and
gnﬁi? @g{l‘pglo);tc "Pglyévlh;ere%’g%haercgp P%‘g"\%@gg%t 0 erlsrgriat eri al
f rom tdbgosunpdemiBiRé-idler Vapdr ®arrick hbding @t Jeastadnieimétalgager,
integrated-circuit battery-charging circuitry to the |
silisEsin theanetablaperds pergl torrdecemeatlyicagnedt the battepptorthe charging
Q@Migry; and encapsul ating the battery and chargi ng
Cifcuit to forma surface-nount unitary package.
3. A method comprising;:

providing a first substrate;

depositing onto the substrate a cathode material, an anode material, and an
electrolyte layer;

separéting the cathode material from the anode material to form a battery;

affixing an integrated-circuit battery-charging circuitry to the substrate;

connecting the charging circuit to the battery; and

encapsulating the battery and charging circuit to form a surface-mount
unitary package. |
4. The method of claim 1, wherein the connecting further comprises:

depositing a multiple-layer vapor barrier having at least one metal layer,
wherein the metal layer is used to electrically connect the battery to the charging
circuit.
5. 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 o the substrate to form a battery,
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4. The method of claim 1, wherein the connecting
further conprises: depositing a nultiple-layer vapor

wharsiie4shavi ng at | east one netal |ayer, wherBCTU$1968/001731

nmetal layer is used to electrically connect the
battery to the charging circudt-. 5. An apparatus

C rrising:. a first substrate having
i"ﬁgged?alee‘g'-aﬁglp%’}ﬁ"ﬁbatter y-charging circuitry thereon;

a cat hadgit Mdmhbatd tthe dAAES; ARf &capdulatddtb RfFm a surface-mount
el ectrolyte | ayer separating the cathode material from

undarymadkageat eri al deposited o the substrate to forma
atter erein the. charging; and circuit is connected

t%o i?g}g%r\é/ﬁ{sé:&rﬂpnél % encapsul ated to forma

sur f agateWenh aWithigf pacRagHBedevibe indudampar at us

conprising: a device in a unitary package the device

i ncl udiohgreing WA §IMAgalnput terminal ; a power out put

term X .erminal; athin-filmlithiumion
batter%jJORVae\?ioﬁgj%g&?ﬁsl’ el ectrical contact electrically

connectgduridtethmafjr ound term nal and having a second

el ectrical _contact; at |east two series-cqnnecte .

t r ansiadhr§In figiuprigy bagery hgténngétf?r\steffl?cte%m@d eCieCFrlcally

ROfidcldd8!th € Y3NRA tdrffind] ShMREVIN B2 G i cied BB,

termnal and“the second electrrcal contact of the

bat t eray jeastt twloessits-t ovmestediteasisonthet pudvidearssiestively enabled

t hat . i de . | ectijvel bl ed el i cal :
cliphisB] PGt B Son i obeah BpBtiePial e sesongrelectrica
t.BRaBESARE Yartipgh t he power output terminal; and at

|l east two series-connected transistors that provide a

sel ectat leabtytwersgbeedomsiestedtiapsiltorothaepioy islg arelestively enabled

SRS ATl B0 I RRIERGHL s B e

toaweflotithan@hainal; an@r i es connected with the at | east
two series-connected transistors that provide the

sel ectat \aapttwerigbEsdomlestedrirapaistosothatenoy sls aelagtirelyenabled

electrical connection between the charging input terminal and the power output
terminal.
7. The apparatus of claim 6, further compfising:

a third transistor series connected with the at least two series-connected
transistors that provide the selectively enabled electrical connection between the
charging input terminal and the second electrical contact of the battery, wherein the
third transistor is selectively enabled based on an externally applied control voltage.
8. The apparatus of claim 6, wherein all of the mentioned transistors are part of a
single application-specific ihtegrated circuit (ASIC).
9. The apparatus of claim 6, wherein at least some of the mentioned transistors are
discrete parté.
10. An apparatus comprising:

a device in a unitary package the device including:

a charging input terminal;

a power output terminal;
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charging input term nal and the second el ectrical
contact of the battery, wherein the third transistor

wo g008abm@at i vel y enabl ed based on an external | ypeppb10e8001731
-control voltage. 8. The apparatus of claim6, wherein

all of the mentioned transistlds are part of a single
application:specific integrated circuit (ASIC). 9. The
appar gtgfgura}tegrpgﬁa[n 6, wherein at |east some of the

nment i QNAM-HimRNEiShAbs battéy HasHiet frsPebdtfical ¥antablelectrically
apparatus conprising: a device in a unitary package

tchenagéad todhe gronnd iaminad anthhaynag seeqndtelecationl gamtacty

power tput ter.mnal:a ground ternjnal; thin: il

renn s eiaE i {islieHg A P ohE AL PR sl st
RlReidal 6aHne¥tiSiobétRetethethafgh®y HipQtiRéninal sidhk sédvid electrical
havi ng a second el ectrical contact; at |east two

senfagisofdbh battared transistors that provide a

sel ec tai 18@'—%&@%%0?& g-ldf&ﬁa{?iﬂ “St%h%tﬁgg Qi?&cfg' tg{t é}gﬁlﬁgsng] sél@c‘?ively

chargi'ng i nput terntna con
eaatlad tleoirichhenhadtiodretween thesé @ndalatiral tageactdif e Hatery
Schottky) di ode that provides a selectively enabl ed
Snd &g pAYAr o¥BMbect i on bet ween the second el ectri cal

a6t the battery and the power output term nal;
gﬂﬂ{]gﬁf %ﬁforvvar d-vol tage-drop (or Schottky) diode
t hat prlowrfdesard-wdfageidrae{oy Sehatithy dlialegbatrprgalles a selectively
connectj on. between. the charging input term.nal and the
SOMBE lPpish sobmrrtion berigen e s fagiMecomycrEs B acidhe her
QRPN ke$iigh]. @ variabl e charging source; an energy
storage device; a charging circuit coupled to the
vdr Aglsivesr chiavegsion system ceonepiesingie ener gy st or age

devi ce, the ener storage device being charged by the
vari at?IV@rléﬁlﬁrC&F?%’Ygs%W%ee; an energy storage device

| sol atinQRefly'stathte &8idd;gured to isol ate the energy

a charging circuit coupled to the variable charging source and the energy
storage device, the energy storage device being charged by the variable charging
source; | |

an energy storage device isolation circuit configured to isolate the energy
storage device from discharging when power from the variable charging source is
below a predetermined threshold; and

a restart circuit configured to restart the charging circuit by utilizing power
from the energy storage device when charging power has dropped below a
predetermined level.
12. The power conversion system of claim 11, wherein the variable charging source
comprises at least one solar cell.
13. The power conversion system of claim 11, wherein the variable charging source
comprises at lgast one thermoelectric generator.
14. The power conversion system of claim 11, wherein the variable charging source
comprises at least one piezoelectric generator.

15. The power conversion system of claim 11, wherein the variable charging source
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storage device from di schargi ng when power fromthe
vari abl e chargi ng source is below a predeterm ned

wao boogsbmakd; and a restart circuit configured tRPCYT/ES1088/001731
the charging circuit by utilizing power fromthe
energy storage device when cl&ging power has dropped
bel ow a rledgternfi rt1?d Leevel. 12. The1 Eo r _caonver si Neast
SYTPERTSOT 'E@ShPT A2 'R TRAEHECPAPP a0 MO OREGT RY " & 1698
A iBrocEmBrat T &t 184dst bR fIdubiiee SdlepdtorC 8l least bRe fuldi€ell generator,
power conversion system of claim 11, wherein the
et lgsteong maelghrdecey genssatébnpri ses at | east one
t.he tri ene r 4. The .power, C j .
TR P FEL o En kRl o e L SuRPYB g SRHBL bR cevice
SoHIpEReLOMM-Fi%B Daftéryl €ast one pi ezoel ectric generator,
15. The power conversion systemof claim1l, wherein
tiHe ThapPWen eonyprsiogi ssfeBorfrdaitohl heein e ¢nepgt stefgge device
AWnlofRSl, QN TRIREHIGinCoURLPD MO on generator, at
1888t "one  m cro generator, -at |east one inductive
dénFhapower ainveBmtsysiem éfleddinCEl, Iwlgesie that @rergyostoape device
| east, one nucl ear decay generator. 16. The power
COAPEIses HRIFON baspddhingfilgy Battery- wherein the energy

Si9OfRY EO\Q@’ donGers R)mggéﬁlsofeclﬁi | r, Mderdik @i &faYein % dircdibe
power conversion system of claim1l, wherein the
enstpgipesd buckgmodiesonsertaranppitses a sol i d-state

thin:filmbattery. 18 T er.Si t em.of
a0 The Ry B IR bR e ERpRTUEs
2okipPiehy DPRIREHED io@cipbﬂomlpé&ﬁﬁhyﬁonl&ith ANGoHOYVRA oscillator.

conversion system of claim 11, wherein the charging

&lr Thé powemgeniversionsypgnkoftdaist 1 dwlesricompeisingui t . 20.
The pover colgptge({tsitgn Ssyst e of claim1l, wherein the
char gianaa%‘f? 71 1oc ?rﬁ gL &OLA5ES Vécﬁe oscillator in
conbi nadutiff dikdult cduplied o §REBSH AFCEdnfiguyd. toiscorit the load
power conversion systemof claim 11, further

deamithesingtry sorasade\ierpnded pregeterinedergditiondr age
AR BS Bo Rl AP o1 0, L Lond and
st or agharkivg areeneighestopipe deviee mhingd oharpdig cievust cotpledAo a
r(l%gigglg cggranog\As%Exrc%oa?l\c/igc}rles é:r?e?gy gt?)rrg%g idseifirc]:g,: the energy storage device
being charged by the variable charging source;

isolating the energy storage device from discharging when power from the
variable charging source is below a predetermined threshold; and

restarting the charging circuit by utilizing power from the energy storage
device when charging power has dropped below a predetermined level.
23. The method of claim 22, wherein the variable charging source comprises at least
one solar cell.
24. The method of claim 22, wherein the variable charging source comprises at least
one thermoelectric generator.
25. The method of claim 22, wherein the variable charging source comprises at least

one piezoelectric generator.

26. The method of claim 22, wherein the variable charging source comprises at least
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chargi ng an energy storage device using a charging
circuit coupled to a variable charging source and the

wWe@p@BQyo4st or age devi ce, the energy storage devPCEURB®ISION1731

charged by the variabl e charging source; isolating the
energy storage device from diZdchargi ng when power from

t he gari abl e charg% n‘? source.i s bel qw a, predet er.m ned
(F 8 loleek o8 BAeBE CraupIRy ML REFIRRG 26 6t gie Trigro Benerator,
Wt idabtZdrieanARYSE ﬁfex'ié?ﬁﬁb},fh% |RSESusT QIIBReeH Great Wil one
char gi ng power has dropped bel ow a predeterm ned

Ingvlght dez3y gegatoet hod of claim 22, wherein the
221 PR VR (a3 et AR5, MR B
|

Fhariteg,. sour ce conprises at |east one thernoel ectric

gzgner ator. 25. The nethod of claim 22, wherein the )
r Thomethadnf glawg 220 wheeein thepnergysterags deigee emeprises a solid-

%kﬁgﬁﬁL%?tﬁﬁﬁe enerator. 26. The nethod of claim 22,
et el h tRevari abl e chargi ng source conprises at

I2eaThonethld oficldifa, whsteinmtgnatioy sterdpd devicoionprises a LIPON
enerator, at |least one mcro generator, at |east one
ibasRdcthinyBiny Baléersit or | at | east one fuel cell generator,

%0, Efé%lngg%d 0%&1@55, %rere%?%ycﬁlgxeggr%@itraﬁt C&Jpriszbg buck boost

claim wherern t rgy storage device
conyariesefrcat.t hi nfil m battery. 28. The nethod of claim
22, wherein the ener storage device conpri ses :
33 Themsthodficlim %e%m%sfeeréﬂycizwnmcqm it 2 dgvgrspeed
ReilMoP P bNSH SR ItHY HERLARE odaVhEe conprises a
Li cF;O\l gasedgntlﬂlgtﬁ-fl rm ba telfe%. 030. The nmethod of claim
22, Thherediod dfleéaimi; furtlgr compusingconpri ses a buck
boost gonverter circupit. 31. The nethpd. of claim?22, .
wher eifi PHBCUREAJPHOTETY 56 Frergd SgrEsd Vice Bp SR B ermined
QdfditibA Ming B cGOSMFicHaRt.on Wi th a hi gh- speed
oscillator. 32. The nethod of claim22, further
Sdnprahgrging systene.omadisingg a | oad fromthe energy
st or age deﬂecc%ﬁunder 1f%ee_determ' ned conditions using a
CUi ’

cut - of FV&# TEHg 50

an energy storage device; and

a charging circuit coupled to the variable charging source and the energy
storage device, the energy storage device being charged by the variable charging
source, the charging circuit including a charge pump and a microcontroller
controlling the charge pump, the charge pump boosting 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.
34. The charging system of claim 33, wherein the energy storage device comprises a
thin-film battery.
35. The charging system of claim 33, wherein the energy storage device comprises a
solid-state thin-film battery.

36. The charging system of claim 33, wherein the energy storage device comprises a



33. A charging system conprising: a variable charging
source; an energy storage device; and a charging

w@eosadws4coupl ed to the vari abl e chargi ng sourPET/aszb08/001731
the energy storage device, the energy storage device
bei ng charged by the vari abl€Zhargi ng source, the

h ' i,r.cui.t .including a charge punp and a
ﬁﬂ?ﬁ%&gﬁ?ﬁgppgﬁmHEWprlIing the charge punp, the
CIVATYE cRAHTh g9 GYL14iRE3 3 ReHed@n kiR @lapgiﬁg efr@fiftdikises pulse
threshol d 'and the mcrocontroller controlling the

dequencyomodwetiemeirepet. punp such that the output of the
charge punp maintains a relatively steady out put
voltage at least for a period of tine where sufficient
charge power is available fromthe variabl e charging
source. 34. The charging system of claim 33, wherein
the energy storage device conprises a thin-film
battery. 35. The chargi ng system of claim33, wherein
t he energy storage device conprises a solid-state
thin-filmbattery. 36. The chargi ng system of claim
33, wherein the energy storage device conprises aLi PON
based thin-filmbattery. 37. The chargi ng system of
claim 33, wherein the charging circuit conprises pul se
frequency nodul ation circuit.



