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| NTEGRATED CI RCUI T FIELD OF THE I NVENTION This invention relates to an
active package for an |ntegrated circuit and a discrete conponent Nbre
particularly, tHRO¥IRRnt i on rel ates to an active package fopcpsdmiagr at ed
circuit in which the package conprises a discrete conponent as part of the
housi ng for the | egrated circuit. BACKGROUND OF THE | NVENTI ON A typi cal
assenb w& such as a PCB assenbled circuit, includes an integrated
cirCU|§ W& y packaged in a passive plastic or ceram c package that
encapsul at eseatrd protects an integrated circuit, and one or nore discrete
conponent such as a resiftPvVE BACRAGEFORINTRERATED ERREUTP assenbl ed

t ogeth ntegrated circuit onto a PCB CIrCUIt board. The
assean@ mW| H@ﬁ such as a power circuit, mcroprocessor, nenory

applic device, rf amplifier, etc., al so generally includes
transnlSSIfﬁan nes printed on the circuit, board substrate and sol dered

i nterconnects that lead to parasitic | osses due to the inherent resi st ance,

capaci tance and i nductance of tmly_mmlgﬁs and sol dered

i nterconnects. These parasitic [0SSés greatly rTncrease in circuits that
operate at high switching speeds. In order to mnimze the parasitic

| osses, circuit deﬂﬁﬂﬂ&ﬁu&ﬂ&ﬂ&e&@%%ﬁﬁ%@&f&hWél?&ﬁc&tﬁﬁ@&ﬁ&a&@get her

on the CII‘CUI'[ boar d. AIthou arasitic loss due to the transm ssion
lines may be G2BPESe al"?’ﬁb‘}‘pﬁe&& iRTHem (relates, 19| 39 aetyF parkaee yfiﬁﬂy

result in enethgygmecm:ﬁ&mm wﬁt&ﬁe@ﬁcﬁh@ﬁ&ﬁﬁﬁmﬂwmmt a$) pRC bpthed by
one or nore o thefgrotﬁgonents maéFlnterfere with the operation of another

conponent . MEERRA S ent handl i ng syst em desi gns face uni que
probl ens such as | arger conponent size requirenents due to potenti al
dielectric or "o~ Jut. 200x WO 0119252 pCt/ CTS00~2198 insul ation

br eakdowns, energy storage requirenents, beat dissipation, high

transm ssion |ine | osses) esBACKEROQUNDOBTHEINVENTIQN erters where it

affects the power conversion efficiency as well as voltage conversion
ef ficiency and higher efficiency constraints. Power circuits) such as
swi t chi ng power cofAvepicel essethbled gircyivguttaes enPEBwesembled giretiy rigcludearage
punps, op anp gl E&m&&%ﬁﬂﬁ?a&éﬁe@%tépmﬁﬁé %Yasﬁé lo¥ QErafnid Siticige! fRARY

actuation circul ower Integration circuits with power rmnltorlng and

power contr ol %?Wqﬁst’?d ﬂﬂ“t‘éﬂ‘?@s‘m‘@?’éd Cirquify and\oRa9T B10rq i FIMPODRRLiSHbe One

Or NDre Power a¢QRRidr] (igacior bERULASH B} if ARAIE M ogatBe Wit the linteFthRd icidbuid NSi C
ener gy conversion)_star ag§ or conservation C(F)’gonent that are individually

packaged and S8€SHHRUTIDfetthe IhATSERFYFUES pich 25 3 BV ATE L TFBPIOFH¥de a

passive pl ast infenfoy h&dﬁoﬁ, mg&elaa@ee Qﬁa:ﬁphﬁehmr la&o@aﬂé@qeﬁbludeﬁusmgﬁunng
converter may . inclu

and a storage "0&HBW ?‘bl"“ 5 ﬁ'F'E?’g?'F ‘regtﬁteﬁlgﬁq(ilf%‘%@ Fﬁ?“"%é{é&gr} pac;“t (r)uEJ

or storage capamxhorlos“fae duars ahs anoneuimcérasyapgﬂmeataﬁd ahchrefahamglﬁ&t ic or
heat energy radi at.ion aff el lhe. 0 ratl on..of,_oth nents.
order to di ss:’%‘B“st“"'v's'f"“hj lﬁgg?f?e{dnera. i rany M/é’ramﬁurccﬁsis‘fssgﬁc‘fl u amneat
si nk att ached cirenits ithgat ppexste iachigh swisching spe@ac lhag@et ioanmhmasés phhsmpmsus

package) | he TEReREh ST nERTRUAE e cirfuiPeamen e dose? | AOAE dn RO MR FRIMCT L
typical ly at |Adthonghcthe pardsitic loks d@gmthummlgeﬂmsha\ny ﬂ:héee'med, qvlactnhehe

integrated ci t wer
car t3t ng. capaghpinchd 8l RASARY By KR! AEel Bl S8 RS Amabiie 6P

| NVENTI ON The beategeaenated rWeﬂm-'mrmqrﬂef Qvaevgmawemtre@yr itexfgrecvitle thet opseatinm ge
including an %ﬁ&&&%ﬁﬁﬂmm@ﬁ aaénasn | fgHRA Edrren hLmng' z%td&@?@*‘agghﬂﬁe the
integrated circuit and forns at 'east a part of theé housin

i ntegrated ci PEYhlams Jush 8 Jargem GRIMPARGR!, SifcoFequiremgtse dug H‘ePPWE‘%RjrdaﬂE!'ﬂF“c PF cui t
may be housed in a shell forned by one or nore discrete conponents to form
an package in which the discrete conponent is an el enent of the circuit
including the integrated circuit. The active package nay be forned in the
sanme geonetry and 2




3 JUL 200Z wo onBzsz PCTI US00137198 di mensi ons as a standard pas®idveyL 2002
integrated circuit package, tray be formed in a shape to fit inside a .
standard or s‘pﬁcialty made battery package, or may be Forned is a size and
shape to fit TR £ 8vice or to farma part of the chassisPEFUSNB2WRyi ce, |n
an alternative enbodi nent ,of the present invention, a smart conponent may

I ncl ude a discrete conponent or a sem conductor-based resitor capacitor or

i nductor, and a separate integrated circuit housed is the same housing as

t he di screte, conponent .or a semn conduct qr - based resistor, . capacifqr or
nductor. ThE<RA By FRREL SNPER PR Heat fcsipapion, hishhogpnien

par amet er of lihd) Gosis,SEspedidlyClor p@itchile hvat=CWhae WARcB! the poes doRedrsiéw! )

capaci tor or jnductor..1n gpne enbodi ment, for . exanpl.e) the integrated
Siroui t may REEIDS % WeHas yeleps polesion pibeienriapf BB SRS duct ance,
etc. of the conponent inside a narrow range in order to create a
hi gh- preci sion ¢ onent_. ardl ess, of changes in enyironne changes such
es tenperature p?gg;wseﬁrcg?‘“ u%’f i?syfmg‘ﬁ’@.g By© ﬁ°ﬁ§gﬁfﬁl ﬁﬁﬁatﬂ’%@&’ﬁ*l W NGS
Fi gure 1 shoitegratars,hehargei pumpe,pdpe St crt it canpatatgrosirnits, rtley) detarr cieitsg ui t
i ncluding a char Punp. power converter. .Figure 2 shows an.alternative
erbod: ront oY FEPR Sy R e i i Ry ERERIE AR s
converter. Feghtiof proxiiniryswitcles hasn forCadamplek nyghicatly dmelade d@neparVworei givegr at or
circuit including a ﬁr@@@ eongunﬁoth@t may be hqused in an acti.ve package of
the present PYRYENRDF 8N ig%)urgm et AR on gﬁ%’lei‘?hl%sdcggﬁyocﬂ‘%vﬂ% one
enbodi ment obr consereation eompaiestytbatches ingividually piviagedeed assetnblgd sipetheconm gui t
shown in Fig ' H&ﬁi 0. ' i £l & x@ligg_e S&- elﬁﬁ ;gnal
vi ew t aken a%%ﬁé%ggglf-"&o_n %@% %@@?ﬁmfi%{ﬁg 03. |_gu9e éés‘%(ﬁ?vs a g
sinplified erpkagis) A pwitchingconVegersnay/include athargefumpgnisgrated greuit, a flying
capacitor and a storage capacitor or a plurality of capacitors that make up a flying or

storage capacitor. The various components may generate electromagnetic or heat energy
radiation that may affect the operation of other components. In order to dissipate the heat
geoerated, many power circuits include a heat sink attached to the plastic or ceramic
package that houses the power converting or regulation coraponent (e.g., a TO220
standard power converter package). The total size of the package including the heat sink
is typically at least an order of magnitude larger than the size of the integrated circuit
itself depending upon the power dissipation, the power carrying capability and the
number of pins required.

S ARY OF THE ON

The present invention includes an integrated circuit package including an active
component that is part of the circuit topology of the integrated circuit and forms at least a
part of the housing for the integrated circuit. In one embodiment, for example, the
integrated circuit may be housed in a she]l formed by one or more discrete components to
form an package in which the discrete component is an element of the circuit including

the integrated circuit. The active package may be formed in the same geometry and
2



lines VI - VI of Figure 4. Figure 7 shows a schematic represent at™ HUbs 2002

power converter circuit including a DGC converter. 3 t I ~n W 0113925
PCTI L1S00l SZ%,%BMB\LI:%_?ure 8 shows a schematic bl ock diagramof a circuit

| ayout for the po converter circuit shown in Figure 7.PE/EE1IY shows a
sinplified exploded view of ansactive package design of the present

i nvention that houses the power converter circuit shown in Figure 7. Figure
10 shows a sinplified expl oded view of an active package design of flue

pr esent invemig Lnc Hg! % n.intear gd ﬁi [ GUI t singl e.discrete
conponent Figur eﬂ’ﬁ“s%ows a Pg%%‘{",“c‘,‘ﬁéf‘%{',, ew Pﬁé%ﬁe’ﬁgﬁﬁgo'g’&ilg\feiﬁ%ec?age

desi gn of Fifijuinsdeldstaddardjorsspediallyrmade batteXy package, of-ay be fohfed immandzecandchemat i ¢
representation qf .an audi 0 _op .anp l.i fd circuit. Figure 13 shows
an al t er nat is\gf' %‘r’wgg’&iarre“ni“g 85?1“&’&%?://6%&53%%%%%&5%%%%' of the present

I nvention. Figure 14 shows a battery including an active package desi gn of

the present inv 'gﬂ! fh gy not her e i.ment _of an active
package design o?ﬁl%‘ke pretlsvgr?%n%?jn‘%gﬁt{]u?\(ﬁﬁ *Eélcaﬁlrngm@ hows 4 g‘,’ﬁ%ﬁ?i"f”ﬁ’ed
expl oded vi énclode @ disaretecrompbient oe arisenicondmdtorsfasedresigior Seprcitemardnducan, Fi gur e

Fnvent i on. ARG AR Bethfl kPl B0k BR e RE AR e et diolpbthe or ¢ 17,
Figure 19 sluseedconducionribasediresiblor tapapiter/onindweton f Tixenintpgtated virtditmayesvbtroli ment  of
the present j @&%ﬁk&&é\mm parameter of the discrete component or a semiconductor-based

resistor, capacitor or inductor. In one embodiment, for example, the inteprated circuit

may maintain the resistance, resistivity, capacitance, inductance, etc. of the component

inside a narrow range in order to create a high-precision component regardless of changes

in environmental changes such as temperature, pressure, humidity, etc,

BRIEF DESCRIPTION OF DRAWIN

Figure 1 shows a schematic representation of a power integrator circuit including
a charge pump power converter.

Figure 2 shows an alternative embodiment of a power integrator circuit including
a charge pump power converter.

Figure 3 shows a schematic block diagram of a power integrator circuit including
a charge pump that may be housed in an active package of the present invention.

Figure 4 shows a simplified exploded view of one embodiment of an active
package design for the power integrator circuit shown in Figure 3.

Figure 5 shows a simplified exploded cross-sectional view taken along section
lines V -V of Figure 4,

Figure 6 shows a simplified exploded cross-sectional view taken along section
lines VI - VI of Figure 4.

Figure 7 shows a schematic representation of a power converter circuit including a

DC/DC converter.
3



Figure 20 shows a sinplified exploded, cut-away view of the enbodi nent of
Figure 119. .. Figure 21 shows a sinplified perspective view of an anot her
enbodi ment of the present i‘nvention. Figure 22 shows s sinplified expl oded
view of a qu’PHéﬁ”’grrbodi ment of the present invention. .Pctuswstom | 1 ~ |

~nn~ . ~ uu~. 2002 wo ov3Qisi PCT/US001~2198 DETAI LED DESCRI PTI ON THE
| NVENTI ON An active package as used in this application refers to a package
for at least one . integrated circuit and at | east one discrete conponent

that is part of & irepit o wi.th,the integrated . circuit. The active
package i ncl udesﬁ%?e ?gg‘fvggnsecgﬁé‘g rbg?de‘ ‘gmr‘l’ “‘:Eglgd%??"f“ g‘?’ e, RO¥Fusi ng for

t he one or cvoveter ritcogsbdvadindligueail.t . An acti ve package nmay include one or

nore integrated&irchif: -t h_on r.nole discrete conmponent,. An
integrated ci rcdﬂ“{'er gf“le“r'v!z‘J €§&5@%%3?5%§°8r0§ﬁ ?5;%?'713?‘: n%)’&é’?t “oni ¢
el ement s f giredentahetiomthat kohses teippwer conveiter dideait shomwhdwBigode 2 he chip (e.g.) .

silicon, GAs, S.te L,C). The termdi screte conponent .refers t

resistor) a cap?g"f%}ogghr()wassa i ucefjoerxg&oﬁcgt“fvé °ﬁ8¥%§5?ﬁ?§§%§“gﬁ %rtlﬁ

i nt egr at ed présestlintentish inclyting od incgmed\ciradpmd a snglerdststesotnporzapaci t or s havi ng
relatively | ow char e.. very, | ow . ESR. (equi val.e ]

resi stance) and‘iJIP%!\'/'vegglylr%%ﬁ;l%ggescttalrg‘lpagI"'wr(‘:i'e"éll(eé‘toglﬁhgé’!'?i'l %@?&gﬁg%{%f&g{ﬁ% lé) | ayer

el ectrol yt iadongapetivnilioe 3T -XIg. , capacitors known as super-capacitors,

ul tra-capacitor -Fq,g'pl gﬁggg q@@aﬁ'- i i E&# rt
conponent - - i ncl 3:' es-g) Scret e g%#ﬁon%@%fﬁ?%%?%ﬁ?&ﬁatl eﬁg‘lrrgodi ment
a seni condwicwit- based resistor, capacitor or inductor having at |east one
sem conduct or chy r 1] tion of
the discrete co%@%%gmﬁﬁ&ﬁeﬁg@&éﬁgﬁﬁﬂgﬁg%ﬁ?ﬁ%&%ﬁ é%%&gq%%rrponent.
A smart corRseAtRHEveREsR. f or exanpl e, include a controller that nonitors
environnental cefelid 1HRBowdE bakSy RhASEM & aét?v@%&%&”ﬁaigh‘df”ﬂﬂ' %lﬁcu?t c. and
optim ze the performance of the di screte conponent based upon the

condi tion. YAYSSA8R-t conponent may, for exanple) provide a single-piece

preci sion di SCr ¢gre BSTRRGVAN Yetl dndtherd EmBddirRent Qf MR st Packige 4ESigh 'd¥Che

el ectrical proHe:rti es such as resistance, capacitance or inductance within
a tight tol VePEPe| regardl éss of changing encironment conditions, A
smart conponent Figuye IieshHowa R3malified ekploded tviver 6Xi anGiltednative emMbodimehhéf de Scr et e
conponent is_a partﬁ or may provide an input to the i circuit. An assenbled
circuit nma R W screte conponents that are intrinsic and/or extrinsic
to the circuit fFigood bYghowssa persgbciive tiawsofappdaotat erobgdimentiaftthe pssant
conmponent i.s 2 -g,'%‘screte conponent that perforns a function integral with

t he function of‘ he circuit. In ab
Figure 18 shows a cut-away view of the embadiment of Figure 17,

Figure 19 shows a simplified cut-away view of an yet another embodiment of the
present invention.

Figure 20 shows a simplified exploded, cut-away view of the embodiment of
Fipure 19,

Figure 21 shows a simplified perspective view of an another embodiment of the
present invention.

Figure 22 shows a simplified exploded view of a further embodiment of the

present invention. . -
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- 3 JUL 2002 a ,~ WD 01r39252 PC?! | JSOOBZ19B power i ntegr at or, 'f%ﬂubﬂ%l e,
a resistor, a flying capacitor a storage capacitor or, an i nductor perform
an energy co b,QN) storage and/or conservation role that is required for
t he ‘power int%elcgéjg%zg? to operate as designed. An extrinsi qugﬁt,
however, refers ° to a discrete conponent that is not integral with the
function of the circuit. Aa extrinsic conponent may be used to enhance the
operation of the circuit Afilter capacitor, for exanple, tray be connected

between an input or OUPETATLED DESCRIBTION OFuHE INVENTROSE he operalion of
as assenbled circuit, but 1s not require or the circurt to operate as
desi gned and, as such, represents an added cost to the overall circuit
design. An acti VAnRewe3dEka@¢ ad iRd BY BEAPHlichidACrREcOl aPaYkapk Gdtiaf icgalahd Y reduce
t he cost and co%exi ty gf E)aezckagi, ng and assenbl.ing g{ integrated circuit.
By* usi ng as THRETRLCEYHIBM AFshercAisstromgonsRt ©atdy part of the, samesiret with
circuit, thehefiiRgeRd cirdiie Mhk adtive pitkage!ihdlidasiteapedns idisCrotFbpsnsht 12 plter Wi se
required to Fﬁ\%ka e the int e%rat ed circuit. i%baddi t%fg;%‘f an enbodi ment of
the present °f &R OF 35 £0Y, & JROTE, PtagradiCTEYiE, AR3RGEE B may{aclude 288 1| ed
Circuit i nsbeabrointegrataXifcuit along GENPMB & tmode istrerd Udtpbltat. N ARTIRE active
conponents used ip the circuit and. muy correspondingly reduce the finished
cost of the':‘é?'greﬁg’fsef? %F‘?’E‘Wctﬁs&%’“glf‘ﬁmg ﬁ%ﬂ“r Flﬁ'gl’%’ &%H%‘f‘?e’ﬂpsmﬁf t he
assenbl ed Cbﬁiﬁtﬂrfgnﬁoﬂhé hnfaﬁoust'ﬁaghipr(e.ﬁ.ha@iéonmmlsril@e,ﬁcni Theq@di hﬁr%fn_educe
costs even nore becapse the chip packagi ng and t circuit ass i ng may
be per f or reTREHSTETH %f‘éﬁ?“'\ﬁmgﬁpéﬂﬁ"gé’g%ﬁ%gﬁ&h ‘gr%"mﬂg‘f‘g%éﬁ
mechani cal | yntegrited cicnite et bigh efficengyr expaaitdr fefirent daparitbrsdyving sadatvelglloow f or

reduced or eli Eg TS - T ce costs
of assenbly an %@f‘%‘ﬁ?ﬁﬁ%ﬂﬁ?‘ﬂ%‘nﬁ?P?%%“%’ﬁ“y{%{%’5%&1“58‘%e to the
reduct i on oresisianes dort ¢xamplei doublerlapercalctrolytit capacitatie fe.8.\ ¥apnaitorshimovntasi nsi ¢
conmponent, ; i ﬁggr i converter, may
al so perfor %hﬁgﬁ%%ﬁ% E%?/ng{ ervm&?ga%l‘est)g’;edrﬁgtr'%ecgp y an extrinsic
conponent, such as a filter capacitor, this also results in further cost
savings because Rhgngp MW%&&%@;@% BEYinD8né laltéthitfked. 1 An
active package may also allow for a boardl ess design of an assenbl ed
circuit becSmeedime, ¢ sapicprductonhaged esistor. Fapaciiereer Ruatirchavipgay legsterneci r cui t

packagi ng ek&nRsidictor thif @iat CEnudRCHAGRL Bk potdn SethébéchfidrCof tié ARERi=ed

circuits at |east partially housed in_or a discrete conponent. For
exanpl e, a ﬁfﬁ'ﬂ“‘p’ﬁ‘tg‘°@fﬂdp‘"ﬁéﬁgﬁe oHipe %8Fé€¥‘§ﬁ’eﬂ’“ﬂ’§’“ﬁ'ﬁ' @\ STAE CRFPWIHo57 9
JUL 2002 PCiayStorlesafbile) iaclodeve cqpiolagatGhonithe qaiirainintal Rusdddidns Budhhast

i ncl udes two_ar re integrated circuits housed in acti ckage of the
present i nvER ?%‘Mﬁq‘d%gﬁ‘g’“h‘%?' F {é:qﬁ'?&r é‘B?‘“"?] %‘F’] ﬁétgn%%agf?ré'ﬁﬁb %ﬁgc‘%fg nor e

i nt egrat ed epmpanettdasgddipon thti @pdigbe Acporrempsndnt may bfer asseid) periders a PCH
board that g AOSE droblelddl dschtle Bttt RRS208e 0 AAallEaiR S Gllirc WEBIKP: |1
one embodi ment t he present 1nvention, an active package tray 1nclude a
"shel | " str propentes sushtas msistangescapaditgpresirahductandd onthin b vightowrlesanet fevel n t he
enbodi nent | ' S Hesi t ' own in
i gur es. 4 6" Bagg: bty et oy 9 Bad ot Ene i, R -2l
tircuit. | ntathgichepiingyhiehths iiscretejeompgnent &s,a parg or sy \aoYide @ mpvicto e and 11,
the shell sig&;say protect one side of an integrated circuit. The other
side of the integrated circuit may be protected by a passive packeting
material such as plastic or ceramc material, or may be self protecting
such as a flip- Chi Rssebed Qlrtuif nde ifBRiAe diketetid orApontrid hifa AieSiatrmER aa@PONENt
that protects one side of an integrated cjrcuit such _as the top Shell

desi gns shofFPSic 1o the FisutAoRplogy 4 "tSHEedg'Bt‘g'éﬁP AP 4R HRSISHRATY '$f gur es
4-6 and 9- 1 Hiscrilelcinpetieht/Batyperfodi® aSiifdtion Srit€l@al Woh ©O ficli Gifof thied tirdalte Inlhscret e
conponents that are attached together to forma single side of a shell such
as the top shell design shown in Figure 9.




Active conponents used in the housing or shell may al so be used-dsJuL 28Rt
sink for the integrated circuit and, in nmany cases, nay elimnate the need
for an exterpal best sink altogether. A capacitor, a’resistor or an
i nduct or t ha¥Ci®¥¥Bused adj acent to the seniconductor chPETNEPAAI%Bt i bute
and di ssi pate heat generat.ed in the sem conductor chip nore efficiently
than a typical plastic or ceramc packaging nmaterial. In addition, the
di screte conponent used as the housing or shell may also include a netal
casing or | @gwer miegratoraipr fegamiio 2 whigor, 9 Miines fapatiton e $rerage Fapesitarive aact i ve
package. Futidied plRfnniiiel ot QERONRRLE B Ah30 R SOPUIOW SyRg Nt
the active packagg may be aftached ro a tonventiona Reat i Nk, conponent,
may, for exdersheposentegaoro lapirate oY drsigasd. tAR eiyisis cofpenept, bevevenrefgrsat ed
cireutt PackpgiagrelGigiint Aot M PRtk Arflib i ind AftnflC linimb@E ka0 1O
a heat sink. An active package of t present 1nventron may al so enable an.
7 . ~ ~ mcewpgnent max\be uied 40 eR@NYel 1D op 3RS B ithet cirgnitt Adfiltdvicppacitory fmr at e at
the | ower t t t ' S ASit] | $S] i QN nma
SRRGIE [y She! JRHbcled RERRL it Rahida %m% &ﬂ%ﬁ Y.
war m up" the seméc.orﬁ)tfct or chip. quggﬁkvoe °p§‘§1<a e ofawf‘. e p?glsen ciQ'nventl on
may al so al KhsneHemationof4n asssmbled cirpmit bt is nop for | thecifeyit ta npemte gsar asi tic
el ements an@%{cd SuchirbdrbNehts aYdde Sdvehdl Afgek part, or even
the entire part, g‘?d{aﬂecg’i rlgtgit may a'?]?%\i/)vﬁ;ﬂ(k)r hi gﬁg?&lﬁ%elgl € immunity of the
circuit and nay reduce the noise generat ed. by the circuit that affects
ot her nearby cCirgiattive phtiSge of the pREDX infvhdtbn Yhay! MPniMARAYCRAL thdlostidd 10 the
ot her conponents may |ead to nore predictable parasitic el enents of the
circuit tharomplyxife oft packeging ad asprankbiag jagnintserated cciepit.c i using, 29 @ctivee

package desicgipéent R€a Mo@HRNbr sHeN 6K P thidPhited LibSiith theSadeMARVEntioh - rBay
mul tiple actijve gacka e desjgns may be connected together. In this
enmbodi ment , S{RERaEPRSHEE mmatnah pthepyise, reapind oy BacraRs BiSsiotepted| (Wt oln an
interCOﬂneCtaBﬂﬁmb@ﬁEﬂb&ﬁﬁﬁm@i‘ﬁﬁl&ésqitm‘)wi&hhﬁl |dse§£ﬁx&@hﬁi€%xﬁpmh ﬁﬁals( are

i nterconnected {pn.one.package. In a particular e i ment, thi ackage may
form a por { PORBIR CHEE RAERF SF ot il Fampopil maYoaess P BUmbe 3 SRFTS:
circuitry f ecompénehtscigad io eheosiroan undmey cérodspamiirighoredacephe fimishedalostdfahec hassi s
of the devicgeg, qi}ﬁﬁi J f Dresent | nveptio TR, al.so..i. ude a

di screte co%%%'rrllgirllfl ag %@Boaﬁd%é t%gl]%rm g%"s%étn%ﬁeébﬁv%onrregn?%ﬁ&‘c‘gn Ition
such as predousing) ot shellemay (pleo) signiffcabitlyyredeteccostsoeven mbranbpsauss thiechip

envi ronnment DL E QR cicklE aSdediBlsH i bk ange in
condi tion ag’éﬁég‘gg(ﬁ% yc%plt ia%@%ggt ‘En _eg%gg‘?%ﬁeghﬁg% %ﬁg%r gﬂlhtgéttgp

maxi m ze t heopporenss earbic t9f bet Rechanieallyj intercypnecte.r the presend inyertiant mmayse ncl ude,

for exanpl e 4118w rhGEdicad & elinliSiRMA bS] 9HR, induG2Ras hlrBEd re@hicedidsts REUCE OF
that responds to a change in tenperature by a change in the resistance,

capaci t ance 25EmPlyRRd Ak doropore favipsmsatynenlypregucts due torthe mENCERP of hi s

change and WRfiratién MeAABeFin tie soRIGH DABKe HeJRinsit Corfiptinent] seh hi1g ApRlopr MaNCE
of the circuit Any cjrcuit having including an integrated circult and one

or nore int FIREECARFCEYES ?é’°§'8ﬁ’fﬂ5‘g§?ﬁ'sm?¥a§}s°o’é“f98ﬂfai 198 that may Athexyise | ¢
package of bBgefbmRaeny anrekeiisicadmpdnent, uch U fROOADhLCiIOE) it wBLrSults in

ITCTYUSOOI 32 jfug:gzer cost savings because the cost of the extrinsic component may be eliminated.
{

! An active package may also allow for a boardless design of an assembled circuit
because the discrete components are used as the integrated circuit packaging clements.
An active package may include multiple integrated circuits at least partially housed in or

by a discrete component. For example, a multiple chip module may be replaced by an
6



A power integrator including a charge punp integrated circuit, fl i%
capacitor and a storage capacitor, for exanple, includes tw dF d@ilé
conponents that may forma shell to house the charge ‘punp integrated
circuit, Figuweonmkows a sinplified schematic - represenpatiuginagisa power
integrator circuit 20 including a charge punp 26, a flying capacitor 22 and
a storage capacitor 28. In the power integrator circuit 20, the flying
capacitor 22 is electrically connected between the input termnal 21 of the
power integrator circuit 20 and the neutral term nal 25 of the power
integrator Chdibiphckdfe off iR priitUiRventon tdo iltdfleAtivd P thore! tegiabdl cirtdits a
neutral termnal_ 27 and. an utpu{) termnal 24. The input term ng! 23 of the
chdrge punp BBSt NIRRT PATREF Ah A PFSEY PR {88 FRAAEL 20 0B% { he
plovver _COI‘I?/ler Eﬁbo&ﬂl&@u%jde wmﬁﬂq%tegiﬁltch&ﬁ&%g%?ﬁéhmm @RyPbp 26 is
electrically connecte t.he output termn of t ower i ntegrator
circuit 20. FHembied,erA Ee&m&‘%‘f hopsgd, i a?“g%‘“ﬁﬁr?ﬁ‘ﬁ‘?% \iggdlé’l fcally
connect ed t ojvbiopneutral term nal 25 of the power integrator circuit 20.
The storage capacitor 28 is electrically connected between the out put
termnal 29 of the power integrator circuit 20 and the neutral termnal 25
of the power intagroaéeinbﬁiﬁmgntidfﬂ@mkﬁt&(wad?]dnemaet}wqﬂa&godiaﬁiﬁﬂﬂudethe pf)wer
converter cifcuil may inclu ac nent at,_ i.nc s,an environnent a
condi ti on serfg'g# ﬁ“‘é’%&#}ﬁ‘ﬁ@ﬂs Tﬁ"}'tp&éﬁe?ﬂ &aﬁgpﬁrﬂe‘gg‘ﬁsw ﬂ‘erﬂ'g'ﬁ’mtto a
change i n anineluing adosinided skell delign such & théidafm shevasin Figutes dpcand9ythe two
humdity, etg. . 0., a ca itor, th C S capackt.a as the

t enperature 3‘5}1%@5{) @*%ﬁ?@g&,%%tf%f%gﬁg@g%ﬁo eéss“l!eglsgéf%%ﬂ%%%odi ment
of a power i stoegriafFigurec]( o ltl, 88 shal sidreempp ptect ortecsigeadfan imtegratgd ir@Gt. Shown

n Fi 1] . ; _ i iy
sensi ng ol entit A Sl oF e Bl AP KRR RGNS orofdhadYY 4 SRl it 11 ©
t enper at ur e sush replagtiglor esramicimatdrial, ot may be salirrotsetingchtbos arflip-chip. dedbellt o
detect a chafgemsp AT Shutk UscrefiScdnlinte TR AL ofl il B G Hdrpl P
or of t t unp may

integrated circul envi ronment varie€s, the charge p _
det ect a chasitpitispuch ascthe 29pashell dpsigns showmén Eigureaddd andphe bettam gigpllojesigpcei ve

an input frofllentARE A6Und SENS ARSMSERIENLe SR YR ¥ay BSmAReMUkpR Of the
charge punmp 26 such as by changin e duty cycle o converter to

th f . the
optini ze t hediffEet SPRATEHS B‘P‘%‘ﬁé“”&g‘?"c‘ﬁmﬂI‘?lf"f"ﬁias“"éﬁfbiﬁfi%éﬁ?’;“ a5k asthg ) e,
the utilizatiopshelfdesigh SHORQEFigi@ 95ensor or a change in capacitance nmay
allow for better systemcontroller performance due to the neasurable
di ssipation information available as 9 - ~ ~UL ZOQy wo ommsz
PCT/ USOO 37198 fAxisho acrkipduedts ndlin thertdusing otishell oqayratdol begused als heap simk
Al ternativel the c itor of. this circuit .may c i Tcaonmponr nt
capacitor i n%mec‘ﬁw?ﬁatgsgg‘buétcﬁ“ oF e c?sﬁs('fI“l‘faeehé"r’l&lafcn@eeg%gﬁgrd& celsx%a?? gi?hat
nmoni t or s onesigk ainggethe N capagien taatesigton dr i omducwn dhap it horsedb gdjadeat petbkor nance

of the capac] e jto1 esi:red. Lan 0 . '
enbodi nent s %%ﬁém%‘gcﬁdﬁecﬁ%cg‘%%gir} an? gi %‘(h:l‘ﬁ%fﬂr’?% g‘%‘ré?ﬁ%%%@“ﬁ%?%ﬁe
housed i n anchig moveefheientydbanos typicel plastis on ceramizanatkaginsanateriab s dniaddidon.n
United Stat leSd [ [ : , j cddtat GZY
Havi ng a Buie'iﬁfel-a Fsgﬁ%jéﬁgﬁla‘g?%hésﬁép}ﬁgg%i)gt%ihtjlﬁa\j/ye&%%\ag{rﬁééoh‘\?g%ted' c?i | ed on
June 25, 1999ydsythatangy firkenpid imcdissipawien boghifrom jthe Jotve Ppdpes edupler Ber ence

nom t hi s apphit&at tohponthet fay RRUBE chitlphftadbahst thd VP picRide My cht@ERy PuNp
chat are known in the art may al so be housed in an_active package of the

present i nveRtd eanvensiopl MsatFik, o\SomPAREALRAY-i for FIABPIE: diCF Arhols sEulas e

i ntegrator ChbseWrlypiddfintighaf@ circ@ib fdcB ikt daRigh R OMmA Bused tcCdtiath the acivel | Yi Ng
capacitor 44 and a storage capacitor 46 that tray be housed in an active
package of tRfEkagede adfatisie ndf arivePRYgse © “ﬁﬁ&?ﬁé‘%é“?f‘m meY 5 eBleAfed vi ew
of one enbodi nent of an active package design 40 for the power integrator
circuit shown in Figure 3. Figures 5 andg 6 show two sinplified exploded
cross-sectional views taken along section lines V- V. and Yl - Y!' of Figure
4, respectively, The active package 40 includes a power integrator with a
charge punp converter circuit having a charge punp integrated circuit 4Z) a
flying capacitor 44 and a storage capacitor 46. In this enbodi nent, the
charge punp integrated circuit 42 is |ocated between the storage capacitor
46, which provides a substrate upon which the charge punp integrated
circuit 42 is Located and forns one side of the active package 40 shell,
and the flying capacitor 44, which forns the second side of the active
package 40 shell. The positions of the capacitors 44 and 46 nay be
reversed. The flying capacitor 44 and/or the storage capacitor 46 may

i nclude a recess, such as recesses 51 and 52, in which the charge punp
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~ JUL 200ai wo onmB2sz PCTNSO0/ 32196 The st or age capac_ilsou4Mnd/ or the
flying .capacitor 44 may be fully or partially encased by*a "lnsu1 at or
material. In one enbodinent)y the thickness S3 and 55-of the insulators 49
and 50 at |egs} he side of one or both of the capacit 46 t hat
is adjacent to %lﬁ%s%:har ge,punps integrated circuit 42 may g@%ﬁ%ﬁfﬁt ed to
prevent an el ectromagnetic or field generated either by the charge punp
integrated circuit 42 or a capacitor 44 or 46 fromextending into the other
conmponent In this enbodiment the insulators 49 and SO prevent the

conponents t 0 ' éj mn’i I R rd Em;ﬂ'- ;i the
operation ofiQ? e&gt r&’(a:l npééng&n@;qﬁer% e %%n@ﬁﬁl%é&?lt%] g ééipaci tor
44 and t he sdissipajen way Armep” the semicomsiugterchiro be t ant al unf pol yner capacitors
is which the dielectric layers 41 and 53 may be nolded in order to provide
easi er connections between the el ectrodes 43, 45, 47 and 48 and the rest of.
the circuit w t ho\r aesive qackage) ofi the presdnt dnvghtionhmayijalsp adlowi for |higher goige and 53
of the capacitar §'}' apd, Iot:Tov:Tod % ol3 &4 mRCeitirer gt ypes of
capaci tors known 'f_l&%'tjhe a?l?qws-tf%hu%sgﬁﬁg' e??l%ﬁeﬁlgg%pacfh?ors iler]c §udi ng

ul t r a- capaci ¢nsapsulatingo® largen parti ar even the eptize Harty eff the iciseuity may allew fenhigher or s or
pseudo capacj f:Qr TREa]s Wy B GheSdichin @ Of t he

Chdigd :gnénu]iﬁf og%féaﬁl Owhgag and ‘TR the>hdft ?énéracoﬁﬁ ¥

capacitors in order to ow for easrer electrical connections of the
capaci tors t¥fectseothepngartyfcincpigs. Alpa; e prosimity of thy seraicprdunstor chipdp theathet r cui t
42 may be el gelfoh&f! ity £88BEMbRGridcthile pihidiftOIGRARS b BE chiéuif Bl Hap b8t OF age
capacitor 46 by contact pads as shown in Figure 4. In this enbodinent, the
neutral ter nptHiged Bibsglesigmal hegiryit. punp integrated circuit 42 is

el ectrically connected to the neutral pin 74 of the active package 40 by
the contact pad 54. The negative el ectrode 45 of the f]ying ca filci,t or 44 is
el ectrically conrf¥ctdye Parkesrdssisp of ghe Rpraeat iRyenPRTGREY tbér’rﬁ“ﬁ% %d6-of the

charge punp inikipRrfidpdeidgeUickigf2mby be @BAnackd PieGeSOImtis SMbodidnemhithar e
brought into q,ysi,cal and el ectrical contagglt V\#th each %%&qlt Qe
active packa"g‘g’l Agipn; of, SETRRAEHRBC THREIBTR, B1Y | V8™ 1L AP BT tREFTYi ng
capaci t or 44ciichit ¢ elith albhk biycviiehipdatsac: in@rdomeclet yn org packagel Tox pgyiaidri ve
termnal 72 of, t.he ar ge,pu integrated circuit.42 b 6Z and
82, i ch ar S bR SR T e o et s ES B Rbti R D7
acti ve packagectrbgicicsautsy foritacdevicEve map sveni forn ialipoe prrioniofi e cBassisfof thae
charge punp j &Lorat ed circuit 42 is electrically connected to the positive
input pin 76 of the active package 40 by the contact pad 58. The out put
termnal 11 - 3 JUL 2002 . WO 01139252 PGTI USW0I 31198 70 of the charge
punp integrated Gif Libokirdkat b lpRldtlibbhiish @Q@&mmq didteee® BbRptneqi N 78
of the active package 40 by contpac'g pad 60. The positive el ectrode Q7 of
the storage Watp®eRopdy 10467 5ses| BBrviTermenyal Copiuen e¥bias RIFESuISRRET 78 of

the active pPREKABE e4Q or aNtlardphGn BROAVIrMEntaE céddafa. 4heQirchi énay!deteagmis
capacitor is electri gal |y conpected to the neu f..the active

[ral . pin 74 o

package. The°cadition gr A Eonggfogand FFéPTﬂdé’é’éﬁf‘m:zfﬂﬁeth‘??Qfﬁwr?ﬁffﬂ’é’ BBl ed in
a nunber of @hfimeeaRd peAdifandhet GRAEGRIPUTR: kidduig tah@adenti mayliihcldd®, féror
exanpl e, may be sol g]er ed to the fly‘%n% cag)aci tor 44&!@”&/ o[h o he s‘?{o&)age
capaci tor 463FRif bEFRERG IFERTaNre AN SRREHE HeP® MO AE FIRIPHG™ *

capaci t or 44chafigh @rierhpeRatide yos) ChatigP &t tHeesistince,n@padianceoapintudtaricatod the r ecess
such as recess 51 /or._ 52 b ring.forceg if e termn . char ge
punp i nt egr a‘i°é'a’°87"$2ﬁi°tc"ﬁ‘f?'5'fyf’%€a thé%?hé&%c ”838%“ %% Qhealn%#es?g %?Abt%ﬁlg;l?;aagg'ci torg
i n the recesgesnizithepifoonans?of thetinol@t. r esi | i ent nenber that hold the charge
punp integrated circuit 42 in place, or nay even rest in place in a recess

such as recess 51 and/or 52. The charge punp integrated circuit 42 may
al ternatively be Arnyneisoitddving in¢leding \annigtegmpedcéitcuit 2nd enedpo morh éntEnsey age

capaci tor 46,. i rt. J J and the
st or age capa%'?%%tfg@%%ﬁmnﬁgg{sggx\%%ﬂ%ﬁggﬁe% atct)%g}fgﬁié%deiqﬁ rraﬁyﬁ"gl’it fQ#v gni%ﬁ't way's

to forman active package 40 of the predent invention. The capacitors for
exanpl e, tray be bonded together by bondi ng pads such as bondi ng pads 84,
86, 88 and 90. The bondi ng pads 84, 86) 88 and 90 are insulated fromthe
flying capacitor 44 and the storage capacitor 46 by insulators 49 and 50,
respectively. 'thus, the bonding pads 84, 86, 88 and 90 all ow for
mechani cal connecti ons between the capacitors) hut not electrical
connections. Alternatively, the flying and storage capacitors 44 and 46 may
be sol dered, nechanically interconnected, or connected by any other neans
known in the art. An alternative enbodi nent of a power converter circuit
100 including a flying capacitor 110, an inductor 112, a DC/ DC converter
114, and a storage capacitor 116 is , shown in Figure 7. Figure 8 shows a

) ey "




~ JUL 2D02. wo ol ~9~z 1' C'T/ US00I 3Z19g i nductor 112 nate togeghgy gog form
the top 'shell of the active package 120 (alternatively, the flying
capacitor 110 gRaq, i nductor tray formthe botoom shell of the active
package 120). The TTying capacitor 110 arid the inductor 1PETHEN3L08
connected, for exanple, by.theinterlocking posts 122 and holes 124. The
posts 122 and the holes 124 may snap-fit together ar interlock by other
mechani cal neans. The posts 122 may be insulated fromthe el ectrodes of the
f1ying capaciA powdrliitegrathr Gscl DHaf? Bk ,-i,cgsﬁu th
i nductor 112 i? aﬁgutreg%‘y rrecltr?g% cal cc])’rkllﬁgpti on‘p‘l?g es+ ?gﬁg c%gﬁ{i?sgase
anot her f or mARESPPAELP g sxample, chudesyg discreirgmpanests that ineylforbm shelbpur e 9)
for exanple, Ko &kt cHgfdSpinP iREEitiE clhduit ngiggépp%gvpg %]gﬁg ;:%e %uct oc

[ e Re co

112 may be used to t.oalﬁg el ectrical contact tween t ts.

Al t er nat i vel YPBIBEHER fbp POVFT MtRETARS Himsuiy 29 inqludinghe chrrge pwiip 25, ¥ flyimgnect ed

to an el ect r agfactbr 2hend 4 VioRge caRAS 28! I&lﬁhﬁﬁ@;%&ﬂ é}?{.& f tlﬁ? nol es
124 tray be electri gfl,l y. connecoed to the inductor ér n tzﬁ‘i tgc ., both

t he mechani cAPPISHEF &t dtictoctistlly: sonnected Betwemo theeiaput tmnifyly21hgf deppaweror 110

and the i nduGhmgrath dirdiir)200@d theAb@mrd erkdfal POSE e hoverdRid il 4. |f
the discrete ﬁoggonen%@? are _not tq be_ di rectl?ega’l ectrlgtg{af}y cotﬁz'r:?é(]:-ﬁ’é:d to

each ot her, B Ahias 3P mRHLfering) 43 snsuirl treminal g andgn ottpytteriminak 24jur e 9,
DC/ DC conver tTe m@ne@nmwdacdﬂwicharé&?mﬂpmhe e\e@&ﬁhﬁ%&d&e&ﬁﬁﬁm%ﬁuﬁﬁ
'S0 t he c

storage capagitor %%6 A recess nay, a be formed I'n yl ng paci t or
110) the i nddTESR 11 PLPIET STVEIIT SITHIZD: e antput sermingb 2400f the chatgrrumper
i ntegrated ci26dsilbcricdly iconmcied td B8 oGPutQErmiinkd 2938 tRfpokbl inf@FRst Lirlgib 26, 0" Med

in the stora itor .. The, DC/DC cqnverter. integrated Grcuit nmay be
el ectrical l y%%%é%?é%&%’lgﬁgf ;’Fﬂ"ﬁ'ﬁ" 3%2?%?’“?1@,"’?@*%&%[‘%”@, t he

storage capatsrmgral 29 6f the ipowmeintegalor Rirtuidl 38 TEistbiage Ciphdittt 281id) elbARc
termnals 13 [ Dvas! 2 as scr.i bed ahove with respect fo

Fi gures 46. gﬁ%@?‘fzf/?ng ca%gé%l(afpgg%ﬂag% °f iy ‘?%d‘f‘ﬁ?"ﬂ?ﬂ’é‘yﬂgé“d the

el ectri cal | y nesiyshteoningl 26 of thl gowerinregrptoneifc86 20. a cont act pads 132. The top
and bottom shells of the active package 120 nay be connected together by

bondi ng pads 134 as dese~bed above. Alternatively, the . , , top and bottom
shel I's of the actipvan Fhiewatiie smbodimenththes ppwir eahveme ctismitcaby Vinclude a '

i nt er connect esnpdAknr GRR BRAISManBhvEtHaRtal 85ndTRA REnsh! S 5‘%}?@'@2&“&%?ti ol >

,~U~ z00zZ ' WO Om~rsx pcr-~soor-~zi9s In an alternative €

resi stors, cBPHBFEDNS PRdAc Shaees i ap envipmmentek condisipnt ek a5 podssws i n t he

manner showntermpedatues) hemRityesle. €85 chRsor RRY Shan ! %Q:?zq
described in_ this l-aBLB% %cg)ti On@é—‘%‘ b?%gv\ng in theg{asrc{wacg%ycfc%% ﬁn“%ttﬁgf esired

cirzuit connéttions F Gl shvws Apltemiag ve) erabqdiment o B Powrk integrator
capaci t ance dircuitrifu nthe powel inegrardr QircX 30h&wn W Fiduld € if Hihl RE Srora
capacitors of, 'Q&%%jinm& El‘oee conpi ned .t oget her in series,or in parallel.
In a capaci toPﬁl o exanple. - SR PEEIHES *lpaent WACF theSppagitr spayshimes to a
di fferent el<apaailgers agfthet fmpers@packitoalteramivebaaiz hanecdphciior Bay Bk agddrdcal | y
connected to i d f that ca itor. Then, the_ capacitors
may be cot rre((l:e'geecgél {:ﬁnaﬂ%egg i eg‘ g‘?‘hlg)(r)l %atrg%lﬂngfm%ep‘g% G2 BEMP R R g S

i nsecetd i nt® offfiecnvimmment Yagien gt dhaxge pumip 26 enag detet typshangef in teSapitiuce
conponent s SGhe 1 I tor.shown in Figure 9 may be
connect ed nget beﬁ%é.?gﬁ]&sgﬂr %gé{%%c‘ Il:l}lgiﬂ %(%" LBF PSSR S50308 elemgnt %‘fi a
particul ar afpl theaPrdfion pf thercharze pyme\aS such ianyhlyi dhiamginge sl duthedycld efunef yet
anot her enbo@dhv@et 1otk SEdHnahdaV j (N I .tipnlg discrete
conponents 1014 ma ge%ttgfjst oge'de1e§r°q"?l{’)‘4 ?g&ru% a‘”@‘%gﬁ”g&éﬂé‘& E)gieﬁaé"pﬁ)zo t hat
forms the tdfe BRlizaRon,0f 4 (FEPrARKS Srmsestor tahehangesinesapaditanae rmayoalown foir eitarg

i megt aeed CisySteth contidfier prAdmeaats H&Y 1o Mdlfleasdrabit QiR MM hiREASs %QQMb'IB# be
snap fit configurations in which no solder is necessary and may al so

i ncl ude purely mechani cal connections in which the electrical el enents of
the di screte conponents arc insulated fiomeach other, or may al so incl ude
el ectrical connects between the discrete conponents. Yet another enbodi nent
of an active package of the present invention is shows in Figures 10 and I
1. Figure 11 shows a sectional view taken along section line XI - Xl shown
in Figure 10. In this enbodi nment) the active package 200 incl udes an

“i'ntedrated ctircuit--210 and a single di-screte-conponent .220...Iln.this . ________ . ..

enbodi ment, the integiaced circuit 210 could be designed wth the exposed
side of the integrated circuit 210 protected, su~cb as a flip-chip design
(e.g., wafer scale packaging). Alternatively, the active package 200 could
i ncl ude a passi ve packagi ng material such as plastic or ceramc that covers
t he exposed side 212 of the integrated circuit 210. The electrical and
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PCTN~~~ 2~z through insulator |ayer Z22 of the discrete conponent 220.
Di scret.e conponent 220 may be one or nore capacitor, inductor and err/:
resistor or a conbination of one or nole capacitor, inductor and/or
resistor. AnWeRE¥#Ze of a circuit that nay be housed i n asTastny®s package
200 design that includes a single discreoe conponent is an audio op anp
power anplifier circuit. Acircuit schematic far an audi o op anp power
anplifier circuit that nay be housed in an active package design such as
the active Package design 200 is shown is Figures 12. Batty Top In an
al t er nat i vefeedtackiforamal time qrswie operatingegopditionsy dgigmativaly.dhe eapasites op thip
Circults Moydig didUsfifriles HnRGhpYnPAEKAGEN WERhde QbadidfmBy BRABE o« NVeNti ON

that is designed fit under a ositive top or a |'se negative

bot t om ~of ntagetderipuit fhat TEBIAE poe @u@raemmm%wo@zmlaed opfiripasrthe punp
active pack el t: stinhdé€ beiar of a
cylindrical ﬁﬁ&t tery o?'e"ﬂ@%h&@f?ﬁ EKX'X% ; wgqefmem;% gpg%godl rrééntg) t he

st orage capergbadisnents 9f43 PWr?g“‘t'-‘-ﬁEl' melndice a@hgatpm that guphde tbaused i an of t he
active package. A0I0GLANO Hrdlei lﬂvélﬂbétafeahécﬁ&dmﬁ' Ohitdd SQRY Brbviiondi €gU! at of

or charge punp int ecrat ed Circuit, such as t harge punp integrated

circuit 312ApplisptioneNpo80ii4le 19 Frtitled) “Baigry é‘bmsﬂt%\rﬂté&@wemwﬂbr Svigshed han t he
storage capagjdcitive ﬁé&aaduav&&wmea bf nrRR250{o9b B§ msﬁg.yen@@yfﬂe with jsAs shown

in Figure 14," the narrovver to the active package 300 may be designed to

fit wthin ieepamied by rstren E%lf@ahﬁﬂsgq Qs POVEF Wﬂﬂéﬁﬁ ipcapanting a
rylindrical cipgge Simp BatCare ﬂ&am&he ¥R lmby alsh Be W0@RE iV hn hétieFatiape oPBekage 300
may be designed to fit in another |ocation of a standard cylindrical
battery or P'l"r's“'&hﬂf’ﬁ@f’“battery such as a prisn~atie, or other type of
battery. Designs of power converters, tegulaoors or charge punp circuits

that nmay be used_in ack e.pres i nvention are. de i bed in
United States A% ér‘ﬁ "waﬁgw'fd@f; ’g?“‘e?*{]ai‘i"l“’éﬁmwtﬁaﬁ‘?m fg’rt? Havi ng
a Built-In E:@m:goj;dnqrmtegmﬁdtcﬁ-ﬁd: £ hiflying cﬁbm:tailuandarsdnigeluephcm 4Gphatl 2,
199B by Gartstg bl’l Unlttégd St teé I£(cat| Q asm | 91
entitled Ligd g"ﬁ%v‘f’ng af“i“f‘%” AR AL eryp erV| ce Run
Ti re" and fmkpdmﬂﬁnnmrqﬂonﬁ enit@8idncioy oGant Btied package Medign gDcfnr U pedterSt at es

ond 111 ed otk Gt i Bt CS, RN dad BXLAP of Qhmi BaBRd ! 7

Appl i cat i oncrees- se@@@@Bmeth mlothsededusatlmesrw HaV| ﬂgl AT BuiVIt off Figawnty ol | er "
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1998 by Gat FERern And R g ety L e o n s DS BRe R. Do
entitled "Bavavensy iyl FRYing 2BHpee PRMP CearRien Fitsuit %na yinesgrasiontt d 24, 1999
by Gartstei komigel ch¥ B.&gl.m Uﬂﬂh@dmﬁ&&h\%ﬁg kcOMHafieOfidy AREriEA LR 42 is
No, 60/ 141, 119 Batte A Built In |ndica or and filed, o ‘égrll 23,
1999 by NeblacgF 2C3PERAOR 465 WhiGh OFPY; %r“ﬁ‘l"effh'ﬁg ference
into this aﬂiﬂrg&lﬁiﬂpdﬂtegxhﬁd(&ﬁanﬂﬂ)ﬁdtdi&ﬂhnd fdtfs Bﬁqsmtgoﬁ:tapamw@aclagﬂmnd t he

st orage capaci.t or hi gh icie ca ch a
ul tra- capac k} 0 éﬁ’gﬁ Ic?aﬁ’é'gérg'l B”Sﬁ{‘ glb%%c 'Bgsé+ o'aﬁh‘l'ﬁ VB PPYRE 'gopaci t or
coin cells gmy. I'I'Bé:bdtd:&mh ufthé &rpﬁam:adMmﬂﬁh&ﬁamwedeﬂﬁﬂ)ﬁmapsqm;:m or is

order to allo r easi er con i,n an active pael ~ he pr.esent
i nvrntion sﬂ%’ﬁ, © FPES BRITOR me'ﬁ?y f‘%a SFHy e JET Seﬁggubgl 2 os‘gahl n th| s
applicati onthe'Eah-gep&inmdgmaﬂedmﬁa#amy be pﬁhgllyng m&m&mrmmgees) 51

Capsei t or Capa 10% ., +25% (- ance
(25C) : DC<O0. i {‘i gﬁ%‘g?gébﬁ‘“g"t“ %6{)8‘ “Sé‘F °'e g%%g"é:"r?@@ﬁ‘fdt‘gé“ Eo?\ﬁl nuous
Vol t age2. 8 Wf the capacitors 44 BdYPedhe m¢$@c@)e‘8 aﬁ&/32 ewpbermiltrdostskednmoldest, efe. nm

hei ght 6.5 ~nm OD; 2.5 nm hei ght TenperatureQperating-20 Cto +6i0 G20 Cto
+60 CStorage~0 Cto +80 C-40 Cto +80 CLeakage Current (after 72 hrs)0.01
to 0.02 mA0.00S to 0.01 mAis
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~ JUL 20U2 wo vmimsi PCTI USODI 32a9B | n one enbodi nent of the pres Ur'rtm’
invention, the active package tiny be formed into a standard integrated
circuit package such as a surface-nounted or wafer-scal e package, in which
one or nore MRXWPRE ¢ conponents are incorporated into thRCTASMAZ®Epackage
in the sane geonetry es the standard integrated circuit package. la this
way, the active package may replace all or pact of the circuit that a
standard passive package is used. As shown in Figure 22, multiple discrete

conponents may b o ackage
np s may bernEBiopie thgam% h@of @k mg%kﬁut 44 t e,psefm %Pgwﬁ 3’8 g

of the present |nvent|on In this enboditent, discre one 10 are

mat ed t oget HBFase by Gp insuatermasenah o g ons abodimegt, dhe Wﬁétﬁ\ﬂed saekdee 1000

such as for asmawraepm%wmm@gglaémneumEfﬂ@e&aa%m%ﬁ&%@e"
side 1020 may_repl ace the passive package materi al a typi cal

nvaapntessordd R EE P IPe Fhargy PUTP RBSRISHSUCH! §2 mayche 2’56‘)‘3 do FrIVERY Gror
di screte corgiaaenhgnetiy Bt ﬁalhlgxn&had:admpt,y R BheBe B&_?_ﬁ%t&@m@@cﬁaﬁteﬂr&taed into

an active package 1000 of present invention bottom carrier 1014

may i ncl ude BPIRT 4ot A6 #"E‘a?"t‘"i“émg (nfo dhe othgrcompprent. | fn Hif nhodiment, ghe

enbodi nent,  ihiifaets 40 \uRd O Vet maxeomﬁ&kh@%aasfe%kaed A A8lcqREAmA) Fogf PUTD
that is in a standard charge pu%hPacka ge form The active gaek may be
f%ﬂ#ﬂ

formed into Btefesinepith thgropsmton ¢ryhg othep gompongaty Inghis embpdimgnt the Fi gure
7 5, foe exadipi:&br%d&hﬁﬂ mswsnmwbem dlﬁnﬂ%ﬁifﬁzﬂ&stns for med
into a TO 220 Eﬁfﬁh aflfpr acka _‘Lnthls en%gdlrrent t he

capaci tor 41¥ & 6%5 i §maybe tﬂe@ﬁp‘“amvldﬁemﬁ'&tom

hﬁl vfels of tfubrdi&usnsr@mdmlzﬂe&léb&bde@mamw?dass Eﬁlﬁ&é?&seﬁfﬁéeﬂmﬁdmf i 4l Z
The yingcaa1tor40 he sane ns as.the to

standard Tp- CZ%E gﬁ%{ tf'gel??ﬁc} FTehht v&‘i' Nog Fe‘“f“gt‘g WE st or age
capaci t or 41e&pionbn§muyn Ihywavep,dfet other t@festdfacapueitérs nbwh fin (ﬁe izheucEQsZﬁﬂ:
package, and qgetal ac ast gl't" ulceraa‘wtc‘\stal‘E's ttag ebg{? Il“l t Qr age
capacitor to conpt &8 B Rar P 0Pt R <PRIFSY foit gl y?‘b al | ow
t he package qapacbss@onmdd epaditorsa The atpasitorkmay havanerpliriabs anathe wefasnrbfitbie ment ,

t he storage t ndar d
TO 220 packﬁéﬁgﬁ'ﬁ%&@*rﬁ%ﬁ?&?%ﬁ%‘@ e e bEe BiR 8 fet oF
attachnent c ¢ifflitpackage to a heat sink. In one enbodiment, the fIyi ng
capacitor 410 17 m-~ dliL -~" W 01/39i 52 PCT/ U500l 3, ZI 98 and t he
storage capacitor 412 may be high efficiency capacitors such as the ultra
capaci t ot s descr i'B&baTsF PRE iBtegratsd cisgit 42 may be electrically connected to the flying

capacitor 44 and the storage capacitor 46 by contact pads as shown in Figure 4. In this

embodiment, the neutral terminal 64 of the charge pump integrated circuit 42 is
electrically connected to the neutral pin 74 of the active package 40 by the contact pad
54. The negative electrode 45 of the flying capacitor 44 is electrically connected to the
flying capacitor negative terminal 66 of the charge pump integrated circuit 42 by contact
pads 56 and 80, which are brought into physical and electrical contact with each other
when the active package 40 is assembled. The positive electrode 43 of the flying
capacitor 44 is electrically connected to the flying capacitor positive terminal 72 of the
charge pump integrated circuit 42 by contact pads 62 and 82, which are also brought into
electrical and physical contact when the active package 40 is assembled. The positive
input terminal 68 of the charge pump integrated circuit 42 is electrically connected to the

positive input pin 76 of the active package 40 by the contact pad 58. The output terminal
11
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ab a 2 ?ethnical ParanetersFlying CapacitorStorage CapacitorCapacitance0, 05
F (-10% +25% 1F (-10% +25.6)Series Resistance (Z5C),;: DC -<0.09 GChns<0. 10
Chms100 F1Z<0. 0B Chme<0. 08 GhnsVol t age: Conti nuous Vol t age2. B V2. 8 VPeak
Vol t age3. 6V3.Wo¥A9MeNnsi ons8. 38 nm x 10. 16 mm x26 mm x 10. 6rmssesns®. 45Zmt o
2. 65 mmiler uper at ureCperatiing '-20 Cto +60 G20 Cto -~0 CStorage~0 Cto
+80 C-40 Cto +80 CLeakage Current (aftec 72 hrs)0.01 m 0,02 mAO. 005 to
0.01 iaA Figure 16 shows a sinplified exploded view of an alternative
enbodi nent o esent |nvent|on t.hat used repl ace a standard
TO 3 pac kaget’ofﬁg‘ é&'ﬁ/@"‘&’é’?ﬁ h‘g?e‘é ”E%/'?F”EH "Bﬁ‘lfﬁlﬁgt’%ﬁ‘pm‘“ PRt8gr at ed
c :c rcuit 51ﬁ aﬂthesicﬁ)fcamk@][?@cmyt ammEiLﬁad 66. JTeepokifive h!l.'dlﬁocab pﬁbsme@tomge vi ew
of an anot her e t of .the i nvent i cl udin et
conponent s 6ftP%4 %qéis o Ef“?ﬁ?‘é‘%F‘ﬁ‘?@a‘Lf&P‘r‘fe‘thPP gg?%&?ia‘é%"r’ a{’f\ﬁé‘sa
cut - away Vi etheafegitive ebnhmﬂwsmmhecﬂtmfgegsapaan&ﬁs eleitgiodlly cbﬂnaﬁewsd&rﬁhwl ified.
cut - away Vi ew. 40?&3%& anther enbodi nent of the present invention. In

SN R

thi s enbodi mBM ckage i ncl udes di screte conponents 19 ..
oM WO 01~39ZSZ a Pt TI U500132198 $ JUL 2~ 810 and 81 ~, and irrtegated

cimit 812. Figurg 20.shows a sinplifie | oded), cuta view of the
enbodi nent of Fi g@? S P %ﬁr@ °g% ﬁg“h"'gtf Y)‘T"e“a“ﬂ}g?%‘p‘a “V'gﬂ\ﬂfew of
an anot her ediffesinnways. Ghhetchepppaneintegtandairtiioss, lfdsrodxudplegmay hamidlermﬂponent.
The smart cogpopen t hout its housi and s o 91d,
whi ch may be @‘f‘%gcué’? e&'ég}r‘%,np"'clf\ra?en[Eh o?“"%s"s%“%‘%‘c%g ‘iﬂ as a

si | i con basethgethsi withothy flying sapatitor 44 and/ercibe $torage éhaacxto; 4&mnmnhe-sea;sﬂ mshlIFl AT |'S

CLAD 1S g o tbles AP N IOdA 39 v cfclorbll PRl TAfhid G4 RBENARE |

conpri si ng: a package 1 nput t package o
package neut ﬁxm:gqted( ¢ifcyi|42 or the contact pads of either of the capacitors in the recesses 51

and/or 52 include resilient members that hold the charge pump integrated circuit 42 in

place, or may even rest in place in a recess such as recess 51 and/or 52. The charge pump
integrated circuit 42 may alternatively be connected to the flying capacitor 44 and/or the
storage capacitor 46 by any means known in the art. The flying capacitor 44 and the
storage capacitor 46 may also be connected together in many different ways to form an
active package 40 of the present invention. The capacitors, for example, may be bonded
together by bonding pads such as bonding pads 84, 86, 88 and 90. The bonding pads 84,
86, 88 and 90 are insulated from the flying capacitor 44 and the storage capacitor 46 by
insulators 49 and 50, respectively. Thus, the bonding pads 84, 86, 88 and 90 allow for
mechanical conmections between the capacitors, but not electrical connections.
Alternatively, the flying and storage capacitors 44 and 46 may be soldered, mechanically

interconnected, or connected by any other means known in the art.

An alternative embodiment of a power converter circuit 100 including a flying
capacitor 110, an inductor 112, a DC/DC converter 114, and a storage capacitor 116 js
shown in Figure 7. Figure 8 shows a schematic block diagram of a circuit layout for the
power converter circuit 100 shown in Figure 7, and Figure 9 shows a simplified exploded
view of an active package 120 of the present invention that houses the power converter

circuit 100 shown in Figure 7. In this embodiment, the flying capacitor 110 and the
12



(b) a discrete conmponent electrically connected between eitherd utie & kage
i nput term nal or the package output term nal and the package neut r al
termnal, preferabl wherein the discrete conponent i$ selected fromthe
group of a TanPd ’t’ﬂ#capaci tor, a high efficiency capacit orECTAI$00H218a.
capacitor, a super capacitor, a double layer electrolytic capacitor) a
pseudo capacitor, non-1inear magnetic inductor, an inductive bead, a
tesisoor; (c) an integrated circuit including a first side, and a second
si de, an int e [ [ uf .t -} n t c

trnni nal andﬁgﬁéi&n?%r%&gdﬁ Jfdékcg:)u%intd %g‘gl e%hr%hnafgﬁetaﬁggvn#egrggt € CI rcw t
i nput termi n@-ltﬂmtm;tyt; i:h%ﬂ)lﬂ;z apasiterch1@dnd de iddgctprwiy fpomi thpbntomeshetl ofabg t he

| ntegrated Clielbladbl P, L HhinRkuRlieh 110 G b ofRROPELPMa) & ckage

out put terrnln elntet circult neutr termna electtically
connect ed tofomea:m%lbatgtée H@WIKOF‘GPB pestsnii2i and helpe k24 riTherpostyi1d2 aed e belmponent

forms a firsj)shilPenb-fit %eﬂ%%ﬂ&loqgﬁf pﬂéﬂﬁ@cﬁﬁ:ﬁcﬂlﬁﬁa&aﬁe QZ?Ina

integrated circuit. integrated circult pac conpri si ng: (a a

package i ncl nelated Sopatik slpstrodes of ﬁeeﬂmmwtahéll(h%k‘bgéolwi%mx b¢ i nal ;
(b) a discr etlsuae&rﬂe.ﬂ%@ mdﬁeear 139 if 2 PoRl) AbBehiGl tEhHeltidnIS ltdihd) In s 04 €t ed

circuit input term nal an integrated circult output term naT t he

di screte commforahdequﬂ Fm@gr’év@dﬂ% imay e tsupplied: rIn Figurs 9,cfon erampled
bet ween the &a&%@?ﬂguﬁ@% HeSyHg A k,aaadutohﬁdm%'.m%aquﬁms bk Gk 15 Hake L NE

i ntegrated circui ei ng adapted to change an el ectrical "paraneter of the
snar t - conpondfrticah Festast W%ér“é? FompRpBenss. oA ltematiyelyy gre;pronere of hegestect ed

from the group @iy bd &eduiéaly cBanctdd ioSdni ¥dctride &'Wﬂhh@l%i:ﬂcxto@ﬁﬁb hdgcise bgnNCe;
wherein the ack gr]cag) ul at es the inte it and the_ discrete
conponent, 2@ore oL He ppiey % ﬁlﬁ"ﬂ“ YISB‘?"PF“"S% T 132. %‘h@’ﬁﬁ)’egr at ed
circuit packmmfmﬁbmxemaﬂd électidcal Wéimédtions Edﬁ@eedhﬁ@ﬂjahgcﬁiﬁﬂimﬂw‘hnd @el udrs
mul tiple discrete onen t ache 0 ef eca mhcceln t he

Tl il - a2 EYS et & BF 6120 38T e Bives SRR P el iRRRmnt 0
circuit pac kagaoofo hm;arecﬂy tlearripilig conkicagd € mmemsemmﬁﬂnenldanG
conponent ang Et&gmagt egrated circuit are connected in series or is paisllel

betvreen the package i nput tecrninai acrd the package output termnal 5.
The integrated circuit package of any of the proceding O ains, wbhet~ein the

di saete corrponent?%tr%'u%?&ueﬁ‘ Hc?ﬁc% 'txf?&%.%leﬁ%trmtpﬁu fmgé‘a?éct‘%ﬂ

bet ween the paeka$e 1 nput term nal an e package neutral ‘ter

i ntegrated creressil28 phwyaghecaparitehils. cé‘owmsﬁ gy glse bs &rmed) inthp Aying gapacitor

el ectricall Y1ﬁpﬂi3‘%£&1££$rb?i Wﬁsébﬁor@&c&%ﬂ%f%tﬁ@bé eoivka intéhsted BRuackage
neutr al term nal , wherein the f.irst capacitor fQalS a first side of the

package, the ’s“e‘&éﬁﬂf“&‘aﬁ?a?ﬂ ipgsadof therecssss 28 Jprped) ip AAOTORERCHIRRE L. TRd t he
integrated cDCMQ torvertdras@iaRd bRiulandy Behlectritaly GomiiRbied 65 the Mghink REpasiesrond

char ge. purp' 1Tk Sedpaifedi e pF e SiRair LG e pe] Piaciie S BeRyEbABany of
t he precedi nipo@yaefiEnal IR @iditofithe phdsr 192 as dgadbddatbove1@ith Gdpechtdl Rigyrbsd-
capaci ms atfacheq todelREr: 110 and the inductor 112 may be electrically connected to the
: input pin 136 via contact pads 132. The top and bottom shells of the active package 120

may be connected together by bonding pads 134 as described above. Altematively, the

top and bottom shells of the active package 120 may be soldered, mechanically

mterconnected, or connected by any other means known in the art.
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7. The integrated circuit package of any of the preceding C a'l'rgsﬁ,’mvmei n
the integrated circuit package conprises a single conponent power .
i ntegrator, preferably wherein the single conponent power integrator

i ntegat ed ci rowpanpasz| udes only 3 termi nals andl or the si ngtgusiemsgsgent
power controller is a standard--package power controller package
construction. 8. The integrated circuit package of any of the preceding
Claims, wherein the 5rst capacitor and/or the second capacitor is an ulna
capacitor. 21 " ~ ~IUL 2002. wo nt,r39ui PCTJ1JS00Il jZ1.98 9. The

i ntegrated circui tIFRASHNGrembediment. pyltinls resigesepPIitarsAs indyRiorsansy bhe

i ntegrated Ci kdndbdiedBE4EE SudtSasan el AR &RSwIE M ISnirk 9tab® BescribelGibovi 6r by
integrated circuit package of any of the preceding C ains, whereln the

i ntegrated ci fRyufther deaibgd othisrapeliratien: opknepm i thegary to formi the dasired 11

The i nt egat edcigduitCohrecticis K BJ6rda o PVidR thel d2Girdd1EGRMCE, teBpaec]uiic & Br infittdnBE
conprising a battery having. a container including a positive term nal and
a negative teVHPFiaior xample, MUDlePRYeTRAPICiPrs ebindugtors may heycombinsd;tpgether

el ectrode andirasdifedat iy allaICt mOS Qapaciid:, it Sainplet dachi gostiinby BR CRHRalkEi NY
el ectrically connected BEE ween the positive and negative el ectrodes of the

el ect r ochem cSAn0esyd 04 belpgrode of that Fparitagaand,ach Belaimey e decticplly

contai ner. 12conhbfed t @ifftredt flbduolé lof B KABRINE]. A, Ohe lchiRithks GRAAbHJ
Cl ai ns, wherein the inbegraoed ci rc&lpt ackage is sized to fit.insjde a
fal se top of SPPETEHIL VS ¥ RaAleh, F‘Eg‘fg which pes was mserted into which

LA Ayu. AGN. Ayhobe.%IA\aldifibn, Adifafent ypes. ARGAktA. cbrBoriés. fhch As the capacitor and

- ASY. AR AAL. Afmﬁ\ﬁc'%cﬁ" ﬁi%lwn Il.tg )F(ljg\axge 9 may be connected together to form various circuit
configurations desired for a particular application. Figure 22 shows a simplified
exploded view of yet another embodiment of the present invention in which multiple
discrete components 1010 may be mated together to form a single shell side 1020 that
formns the top of an active package of the present invention including integrated circuit
1012 and carrier 1014. The connections shown may be snap fit configurations in which
no solder is necessary and may also include purely mechanical connections in which the
electrical elements of the discrete components are insulated from each other, or may also
include electrical connects between the discrete components.

Yet another embodimeat of an active package of the present invention is shown in
Figures 10 and 11. Figure 11 shows a sectional view taken along section line X1 — X1
shown in Figure 10. In this embodiment, the active package 200 includes an integrated
circuit 210 and a single discrete component 220. In this embodiment, the integrated
circuit 210 could be designed with the exposed side of the integrated circuit 210
protected, such as a flip-chip design (e.g., wafer scale packaging). Alternatively, the
active package 200 could include a passive packaging material such as plastic or ceramic
that covers the exposed side 212 of the integrated circuit 210. The electrical and
mounting connections between the integrated circuit 210 and the discrete component 220
may be any of the methods described above or any other connections known in the art.

Figure 11, for example, shows an exemplary electrical contact pad 224 that extends
14
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e _ZUi c"XS]1] cdb]sxgaéd] @at]'ltcva]dsa]l dalig] w]tlva]!@a]n:a]'ai&!weca]waid]!gm] Qf&ﬂ] mtb]ycaAs

’Eﬂxggi}ﬂxgagﬂ7cx ga\%gﬁgﬁf%%c%%%%ﬁgg&ﬁﬁygﬁca ca ca

WV] caU] cal)] c akidenibf @ltq pesjtiva e ol eﬂ]@a}%dﬁpww](ca} ée?U]-‘e‘a‘\ or D). In this

A = Y l%j’a\]]]s
(l:J]afJ] 22] g:ﬂ gg]w(‘:a cal ca[jﬁca ca J’ “ &% &l lfé caf 2?@0211

] cal] caU] caU] astivs parkaest c%! "-@!f] Q!aU]l ]%@]W!‘-‘&?Ba\} cipea) ca] ca

] \cv]a](ca] ca] 1(‘::[ Ui]i%a %]&%ﬂ ggaaﬁ%kﬂ&ca ajca ca] cal . ca Eil caU]Ef?cactadU] caUl c
v

a] cal] ca(l.:]J] ca]F!f]%%Rﬁ 'i?&ﬁ]‘ a ‘31‘{3] é‘]é?B] "aﬁ]"E&U]"E&"“ﬂ 1%&"?1" P of

10%& () - sFf 1@dR&ive )pacﬂaﬁﬁ’@ﬁ%)ﬁs {bown4n ¥ ﬂb&e(r)amﬁer top of the active package
Og%??f Q,) ar EI O%O%f% té 3it %1:19?(‘3:& cﬂrz-xp I3&4 ofa fgﬁsg zaosmve top 322 of a standard
cyhndncal battery 320. Altematively, the shape of the active package 300 may be
designed to fit in another location of a standard cylindrical battery or in another battery
such as a prismatic, or other type of battery. Designs of power converters, regulators or
charge pumnp circuits that may be used in the package of the present invention are
described in United States Application No. 09/054,192 entitled “Primary Battery Having
a Built-In Controller to Extend Battery Run Time™ and filed on April 2, 1998 by Gartstein
and Nebrigic, United States Application No. 09/054,191 entitled “Battery Having a Built-
In Controller to Extend Battery Service Run Time” and filed on Aprl 2, 1998 by
Gartstein and Nebrigic, United States Application No. 09/054,087 endtled “‘Battery
Having a Built-In Controller” and filed on April 2, 1998 by Gartstein and Nebrigic,

United States Application No. 09/054,012 entitled “Battery Having a Built-In Conrroller”
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3 JuL 202
9 ?2uV7GLO%&' ()-" 10% ()-% 10%& ()- 103b3b 103b3b

103b3b! F- $1098b3b& () -~ s$10%& () - ?zI "P1" & 10%& ()- 10** 10**
10**1 y, 109%6* & ()-: !y, 109& ()-:y* 0.1
109%& () -! 10%& v ofd¥RB"P1 & 10Sf Y109&' () - S! Sf F109%& ()-fS
3109%&’ ()- TS310%&' ()- ! - 109%&: () - - PCT/USA0/32198
109%& () - MSedEMPL" & 10&$10%&' () - S" @ O%&' ()-9! 10%& ()-Ls10%&' ()- SY10%& ()-T@
| 109&' () - E! odEAPL” & 10 , 109%& () - @+@ 0% ()- )109%&' ()- @ ( F10%& () -
' 1098 () - SUALOY&' () - oDTVWKAE: / 10 10f5s109%& ()- @4 10%& () -
2- 109& () - @3laddled on Apk() 781098 @B GakEI0&& alad -Mxﬂﬁgbﬁﬁkd]ﬂtemgﬁm&ﬂ No.
0 ! - 0 ! - () ! | oL - ! -
MOV () - Y LGS dob -entid Y Bhend) Habing 2 Bubtbid EE ol Fald filed on March 24, 1999
by Gartstein and Nebrigic, United States Provisional Application No.60/141,119 “Battery
Having A Built-In Indicator” and filed on April 23, 1999 by Nebrigic and Gartstein, each

of which are incorporated by reference into this application.

In one embodiment, the flying capacitor 310 and the storage capacitor 314 may be
high efficiency capacitors such as the ultra-capacitor coin cells described in Table 1
below. The ultra-capacitor coin cells may include two terminals on the same side of the
capacitor in order to allow for easier connection in an active package of the present

invention such as this embodimeat or in other embodiments disclosed in this application.

Tablel

Technical Parameters Flying Capacitor Storape Capacitor
Capacitance 0.05 F (-10%, +25%) 1F (-10%, +25%)
Series Resistance (25C):

DC <0.09 Ohms <0.10 Ohms

100 HZ <0.08 Ohms <0.08 Ohms
Voltage:

" Continuous Voltage 28V ... . |28V

Peak Voltage 3.6V 3.6V
Dimensions 4 mm OD; 2 mm height | 6.5 mm OD; 2.5 mm height
Temperature

Operating 20 Cto+60C 20 Cto+60 C

Storage 40Cio+80C -40Cto+80C
Leakage Current (after 72 hirs) | 0.01 to 0.02 mA 0.005 to 0.01 mA
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In one embodiment of the present invention, the active package may be formed

into a standard integrated circuit package, such as a surface-mounted or wafer-scale
package, in which one or more intrinsic components are incorporated into the active
package in the same geometry as the standard integrated circuit package. In this way, the
active package may replace all or part of the circuit that a standard passive package is
used.

As shown in Figure 22, multiple discrete components may be mated together to form a
shell side of an active package of the present invention. In this embodiment, discrete
components 1010 are mated together to form the top shell side 1020 of the active package
1000 such as for a microprocessor integrated circuit package. This top shell side 1020
may replace the passive package material of a typical microprocessor integrated circuit
package (e.g., BGA-256) and allow for discrete components typically placed on 3 PCB
board to be integrated into an active package 1000 of the present invention. The bottom
carrier 1014 may include a typical pin carrier (e.g., BGA-256).

In on particular embodiment, the active package may include a fully inregrated
charge pump that is in a standard charge pump package form. The active package may be
formed into a TO-220, SOT-223, TO-3, TO92, TO87, etc. standard form. Figure 15, for
example, shows an embodiment in which the active package is formed into a TO-220
standard form package. In this embodiment, the flying capacitor 410 and the storage
capacitor 414 form the top and the bottom halves of the housiog shell that encapsulates
the integrated circuit 412. The flying capacitor 410 may be the same dimensions as the
top of a standard TO-220 package. In the embodiment shown in Figure 15, the storage
capacitor 414 forms only a portion of the bottom haif of the TO-220 package, and a
metal, plastic or ceramic tab is attached to the storage capacitor to complete the bottom
balf of the standard package and to allow the package to be connected to a heat sink. In
an alternative embodiment, the storage capacitor may be the same dimensions the bottom
of a standard TO-220 package and may, if necessary, include a hole that allows for

attachment of the package to a heat sink. In one embodiment, the flying capacitor 410
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and the storage capacitor 412 may be high efficiency capacitors such as the ultra-

capacitors described in Table 2 below.

Table 2

Technical Parameters Flying Capacitor Storage Capacitor
Capacitance 0.05 F (-10%, +25%) 1F (-10%, +25%)
Series Resistance (25C):

DC <0.09 Obms <0.10 Ohmns

100 HZ <0.08 Ohms <0.08 Ohms
Voltage:

Continuous Voltage 28V 28V

Peak Voltage eV eV
Dimensions 8.38 mm x 10.16 mm x | 26 mm x 10.16 mm x 2.45

2mm ta 2.65 mm

Teroperature

Operating -20Cto+60 C ~20Cto+60 C

Storage 40Cto+80C -40Cto+380C
Leakage Current (after 72 hrs) | 0.01 to 0.02 mA 0.005 to 0.01 mA

Figure 16 shows a simplified exploded view of an alternative embodiment of the
present invention that may be used to replace a standard TO-3 package. The active
package includes flying capacitor 510, integrated circuit 512 and storage capacitor 514.

Figure 17 shows a perspective view of an another embodiment of the present
invention including discrete components 610 and 614, and integrated circuit 612, Figure

18 shows a cut-away view of the embodiment of Figure 17.

Figure 19 shows a simplified cut-away view of an yet another embodiment of the

present invention. In this embodiment, the active package includes discrete components
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Figure 21 shows a simplified perspective view of an another embodiment of the
present invention including a smart component. The smart component is shown without
its housing and shows component 910, which may be a discrete component or a

semiconductor component such as a silicon based resistor, capacitor or inductor.
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1. An integrated circuit package comprising:

(a) a package ipput terminal, a package output terminal and a package neutral
termminal;

(b) a discrete component clectrically comected between either the package input
terminal or the package output terminal and the package neutral terminal,
preferably whercin the discrete component is selected from the group oft a
tantalum capacitor, a high efficiency capacitor, an ultra capacitor, a super
capacitor, a donble layer electrolytic capacitor, a pseudo capacitor, non-linear
magnetic inductor, an inductive bead, a resistor;

(c) an integrated circuit including a first side, and a second side, an integrated
circuit input terminal, an integrated circuit ourput terminal and an integrated
circuit neutral terminal, the integrated circuit input terminal electrically
connected to the package input terminal, the integrated circuit output terminal
electrically connected to the package output terminal, and the integrated
circuit neutral terminal electrically connected to the package neutral terminal;

wherein the discrete component forms a first side of the package that protects the
first side of the integrated circuit.

2. An integrated circuit package comprising:

(a) a package including a package input terminal, and a package output terminal,

(b) a discrete component;

(c) an integrated circuit including an integrated circuit input terminal, and an
integrated circuit output terminal, the discrete component and the integrated
circuit electrically connected between the package input terminal and the
package output terminal, the integrated circuit being adapted to change an
electrical parameter of the smart-component, preferably wherein the electrical

- parameter is selected from the group of: resistance, resistivity, capacitance,

and inductance;

wherein the package encapsulates the integrated circuit and the discrete
component,
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3. The integrated circuit package of Claims 1 or 2, wherein the discrete component
includes multiple discrete components attached together, prcferably wherein the multiple
discrete componmm are snap-fitted together.

4. The integrated circuit package of any of the preceding Claims, wherein the discrete
component and the integrated circuit are connected in series or in parallel between the
package input terminal and the package output terminal.

5. The integrated circuit package of any of the preceding Claims, wherein the discrete
component comprises a first capacitor electrically connected between the package input
terminal and the package neutral terminal, the integrated circuit package further
comprising a second capacitor electrically connected between the package output terminal
and the package neutral terminal, wherein the first capacitor forms a first side of the
package, the second capacitor forms a second side of the package, and the integrated
circuit is located between the first capacitor and the second capacitor, preferably wherein
the integrated circuit comprises a power charge pump integrated circuit.

6. The integrated circuit package of any of the preceding Claims, wherein the first
capacitor includes multiple capacitors attached together.

7. The integrated circuit package of any of the preceding Claims, wherein the integrated
circuit package comprises a single component power integrator, preferably wherein the
single component power integrator integrared circuit includes only 3 terminals and/or the
single component power controller is a standard-package power conuoller package

construction.

8. The integrated circuit package of any of the preceding Claims, wherein the first
capacitor and/or the second capacitor is an ulrra capacitor.
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