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WD 2005/ 062317 PCT/ US2004/ 039239 WOUND CAPACI TOR W TH
BALL- AND- LEAD CONFI GURATI ON BACKGROUND OF THE

WO MMEBABCON 1). Field of the Invention 5 [ 0001RCTVES2004/039239
present invention generally relates to capacitors.
More particularly, the invention relates to a
capaci tor having a reduced equi val ent series
resi stance (ESR) and equi val ent series inductance
( ESMJOURD. CAPACIEORMWITf BREL aARD- AEADLEONFIGBRATIONNE
hi ghly conpetitive personal conputer (PC) industry,
the difficult trade-off between cost and perfornmance
has been wel|l docunented. For exanple, in an effort

' f t he consuner at a | ower
BAdg@%ﬁb‘@ﬁ?ﬁpf?@ﬁﬁtlﬁﬁ%ﬁggﬁ as been placed on

streanl i ni ng not herboard systens and conponents. Mbst
S oy one or nore voltage regul ation
circuits to ensure that 15 the proper reference

000YP! rag@yedti® isvRitt dreserd@aliy eelAR:he cRPA¢IthrB! MeeSRfrficularly,
[ g}r)]d it%ﬁﬁas éeen detgefmerlle% t hat sucﬁ a{ cri rcuit hascaary

the 5 LS S b Ao g oS FOURRS bk Fisonce
has a voltage regul ati on nodul e and a capacitor

(ESRyranalngyprivatent seriesginduhience {8oiponent s) . The capaci t or

arrangenent is critical because it provides 20
decoupl i ng between the vol tage regul ati on nodul e (VRM
and the processor. Conventional approaches to the

capaci t.or ngenent involve the use of multiple
2). hﬁg‘aﬂm%?@g—i&mw type capacitors, which can have

very |low tenperature 1 WD 2005/062317 PCT/US211114 /0
[0002] 9I2tl8 Righly competitive personal computer (PC) industry, the difficult
trade-off between cost and performance has been well documented. For example,
in an effort to provide more features to the consumer at a lower cost, significant
focus has been placed on streamlining motherboard systems and components.
Most motherboards employ one or more voltage regulation circuits to ensure that
the proper reference voltages are supplied to the motherboard processors, and it
has been determined that such a circuit has a direct effect on the switching
performance of the processor. The voltage regulation circuit typically has a
voltage regulation module and a capacitor arrangement (among other
components). The capacitor arrangement is critical because it provides
decoupling between the voltage regulation module (VRM) and the processor.

Conventional approaches to the capacitor arrangement involve the use of multiple

high performance bulk-type capacitors, which can have very low temperature
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stability, w de frequency range, and long life. Low

ESR reduces the unwanted parasitic inpedance and
whewsioergief f ects that degrade capacitors, and PGI/Hb29bd/§39239

desirable in the conputing industry. The cost of these

performance capacitors, however, is relatively high

with respect to other capacitors. It is therefore 5
stabilgwi wisls) fg“t‘%ﬂﬁ’d@ﬂ&% nedHfa Pweﬁ@% Ig H?Férf&l%%’anted

performance capacitors in voltage regul ation
parasiticdnipeslant® 803 hedtiag @ffeeisnhat depragp capaditdrs, drivkisatighlby
design would be to use a conbination of ceram c and

. i ' ' i i | .
e EOSERRR GE L() SaRRELEBlse pbl el dpacions,
consi der abl ){ The trade-off to 10 reduced cost,
howgweieisdielatively bighwithsespentiastensagariteisn Jeisttherpipre
approaches. [0004] Thus, the conventional capacitor

desibl@ngenride ph altetiegive icgnvbnitand] efdrmaR¥¢icagacitors in
opportunity, but certain difficulties remain. For

Vol’f%é’aggilfagiohh&&ﬁg cal wound al um num el ectrolytic

ris unable to neet the exacting ESR and ESL
requi rements of nodem day hi gh-speed processors.
[0003]; gl]h@gltqrr@tmelwrpa@htqtétetmetcﬁ@%bwvem beaMseBuNnd
capacitor 10 has a case 12, a wi nding 14 disposed

comMiniafib of kersarentPediiéntiodibéledeals tie @aphd s8] withlwould
The dual lead configuration 16 iS coupled to the

R T Tt R T

It can be seen that the dual lead configuration 16
redulsed castchowetier, ieredured peskumsinge 1@ den doaviertéionad eppradches.
assenbly 20 20. Each term nal assenbly 18 and 20

[0001'!2]rI CTHEESha chbRlER MMl Qﬁgé@t&%@?ang%%@nt ol RRE a Adnifi248+ cost-
4b), and a weld 26 (26a, 26b) coupling the

e A9, 0 SR R b S gl G
configuration 16 can be quite challenging with regard
wound ai8Rimma dStirolfir ceradijuirds uhabietto ngedttibe exacting ESR and
ESL requirements of modem day high-speed processors. Figures 1-3 illustrate
that the conventional wound capacitor 10 has a case 12, a winding 14 disposed
within the case 12 and a dual lead configuration 16. The dual lead configuration
16 is coupled to the winding 14 and extends from the case 12 for connection to an
external printed wiring board (PWB, not shown). It can be seen that the dual lead
configuration 16 has a cathode terminal assembly 18 and anode terminal assembly
20. Each terminal assembly 18 and 20 includes a termination 22 (22a, 22b), a lead
24 (24a, 24Db), and a weld 26 (26a, 26b) coupling the termination 22 to the lead 24.

[0005] Ithas been determined that the design of the dual lead configuration 16

can be quite challenging with regard to ESR and ESL. For example, limiting the
2
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2 WD 2005/ 062317 PCT/US211114 /0 3 9 2 3 9 | ead
configuration to two term nal assenblies has been

WO 20862307 contri bute to a relatively high ESRPGTUS2004/039239
capacitor of this type. The distance between term nal
assenbl i es 18 and 20 has a significant inpact on ESR

ead oo et S T R er R 6 o o
relatively long two-piece termnation/ |ead design

relatiadis high BSR in heapadiir ofehis PR The distaneebetfvozen terminal
desirable to provide a | ead configuration that enables

e | lof ad h respect to
asse@ﬁe: ?g?ﬁg]zbq%g%dﬁﬁﬂ f’fcaﬁ%%ﬁ%géjﬁ e%%ta edv%gr%at certain
manuf act uring an ace | t
1000 5.5 i Sl crRERREY Shver o she tialhes fntriitfy BobEsL and
exanple, the 10 typical sol der connection that occurs

that die id@d@pmgﬁvoqﬂwdmmnmmrsmafedemgn adwkite fpoth loop ESL
pr ohi blts the use of the capacitor 10 in dual -sided

and Egﬁf d at Rett cg/x%t‘({‘% Fi%'bﬁ{o rovite Mé"aglhédrﬂ raﬁéﬁ?h&izer&%%s ESR

imts t e of
capaci tor 10 to applications havi a great deal of
to be:Teshicad vethoicacrifigng wikh )FeSEﬁ‘RHt‘PEg b 1 eads contribute
to hi gher ESR/ ESL as well. Redesign of the height 15

[000%P Uit it 418 bt g pr&ih feSlthed byt taifithdrt RESERI A Ol doenTeHE
WNGS [0008? The invention is described by way of

dlff% W’[ égsé@t '%_Lro%q tfe &&J&%onﬁ?g ARy 109 Fef @%lﬁ $eo, the

I gure erspective view of
conventl onal wound capacitaor, useful 20 in
typical seldsr saghegiiarhihat egesiad he leads 24 requires wave soldering,

which prohibits the use of the capacitor 10 in dual-sided reflow PWBs.
Furthermore, the traditional case 12 can be relatively tall, which limits the use of
the capacitor 10 to applications having a great deal of clearance space. Tall body
and long leads contribute to higher ESR/ESL as well. Redesign of the height
could bring the ESR/ESL down.

BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention is described by way of example with reference to the
accompanying drawings, wherein:

[0009] Figure 1 is a perspective view of a conventional wound capacitor, useful
in understanding the invention;

[0010] Figure 2 is a perspective view of a first surface of a conventional foil

before winding;
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[0010] Figure 2 is a perspective view of a first

surface of a conventional foil before winding; 3 WO
wQeoRsHESPB17 PCT/US211114 /0 3 9 2 3 9 [0011] IIyus048039239

is a top plan view of a conventional capacitor; [0012]

Figure 4 is a perspective view of an electronic

assenbly including a rinted wi.ring board and a
[00114 apl%18}1¥%$ 15 %1“%%@?‘0‘5%’20% CHVSHEOBRLTHRAHERY of t he
present invention; 5 [0013] Figure 5 is a side view of

[0012] heFigasedrd y pefspactivavevgat an 4lecfropicygsseingly indudinga

bottom vi ew of an exanple of a capacitor in accordance

printﬁh%@irin%?l?oa%ﬁ%@ BN acfor i 8cIr8RAL withV@H é:8BodiHBAHAf the
Fgureor |

S a perspective view of an exanple of a foil
and | ead configuration before wi nding in accordance
preseftiRVeROnbodi nent of the present 10 invention;
[0016] Figure 8 is a flowhart of an exanple of a
[0013Tet higdr@$ if @bidecdtwny the assmallytshowmirekigorednce with

one enbodi nent of the present invention; and [0017]

[0014; Ir (g)gl’rggli’[‘% 8 b Sa BolbAVGIAA bt 2 %EWA EarPcitdr Bk 96&t8aRbe with

A a casei1n accorganc W th one enbodi nent of
the present invention. 15 DETAILED DESCRI PTI ON OF THE
one grRbeRiPRen qfdbe Bresené Hp4AHO8Y and net hod of fabricating

a capacitor in accordance with the principles of the
[0015]" €Bikre 7y & Peisprcfivevidle ot ahanasglpef 4 6oilranddeadhe

capacitor has a case and a wound foil disposed within
COIlf%ng?'aﬁgI? Betdre %ldlr@ﬂ'\ 1 &8fdance with one embodiment of the present
invention;
[0016] Figure 8 is a flowchart of an example of a method of fabricating a
capacitor in accordance with one embodiment of the present inventior; and
[0017] Figure 9 is a flowchart of an example of a process of providing a case in

accordance with one embodiment of the present invention.

DETAILED DESCRIPTION OF THE INVENTION

[0018] A capacitor and method of fabricating a capacitor in accordance with the
principles of the present invention provide enhanced performance. The capacitor
has a case and a wound foil disposed within the case. A ball-and-lead
configuration is coupled to the foil and extends from the case. The use of ball-
and-lead technology for the lead configuration provides substantial benefits with
respect to ESR, ESL, manufacturability, and placement.

[0019] In another aspect of the invention, a ball-and-lead configuration of a
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configuration is coupled to the foil and extends from
the case. The use of ball 20 and-|ead technol ogy for
W@ pwsoest? configuration provides substantial beCEUS2084/039239

with respect to ESR ESL, manufacturability, and
pl la;tcerrent. [0019] In another aspect of the invention,
a ball-and-1ead configuratipn of a.4 WD.2005/ 062317

capagitey faatlpde protination ARRRE RSt ﬁEfiG&é@l"Af [ E‘Bﬁe
term nation having a first end coupled to a first

surfageiof adeil ofArparddld terdin@imtRad @ finstreatd auied taafeemtd surface
end coupled to a second surface of the foil. The

o B4 RIS ERT5 B RA BB REBIES pypuve
BAEIAE TRl T LR R K,

connection of the |ead configuration to a printed

endsWfthe gerdgiandon s Were[tRO26]del baHnehdisle ebspided] cohnedtéon of the
i nvention, a nmethod of fabricating a capacitor is

tead BERbp i er R PE BB RN B EMBT T Tethoa

further provides for disposing the foil within the |
[002Q]askn anahet #rptect athetiaverilion, arerethadiokiskricgting g @pacitor is
extends fromthe case. [0021] It is to be understood

providi®i, Rabe isherohiepahas sanendallesescnfi@idationdsdotiprd to a
followi ng detail ed description are nerely exenpl ary of

ot 5 PSR o A ROSPL LR A PAE Mg

char act er of yhe i.nventi on as it is clained. The
the batlenrdhlaayli qopfiguaniionyextends f®m tla¢ crfed t o provi de a

further understanding of the invention, and are
[00215]n CRIPRS B BHAERIGRIIERMOHL thE RrBgihgYenkilHescription and the

pecification. The drawings illustrate various
follo{/vglgé;ﬁ%ga?ﬂe\%‘n %gﬁggg}l Ao trr?er(e)fy etxré?n]giﬂg}f/}? ot jch%nlhvgplgon, and are
intended to provide an overview or framework for understanding the nature and
character of the invention as it is claimed. The accompanying drawings are
included to provide a further understanding of the invention, and are
incorporated in and constitute part of this specification. The drawings illustrate
various features and embodiments of the invention, and together with the
description serve to explain the principles and operation of the invention.
[0022] Figure 4 shows a wound capacitor 30 having significantly improved ESL
as well as enhanced manufacturability and placement flexibility. While the
capacitor 30 will be primarily described with respect to a motherboard voltage

regulation circuit, it is important to note that the invention is not so limited. In

fact, the capacitor 30 can be beneficial to any application in which ESR, ESL,
5
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description serve to explain the principles and

operation of the invention. [0022] Figure 4 shows a
wawwabdesapaci t or 30 having significantly i nproREUUERS04/039239

20 as well as enhanced manufacturability and pl acenent

flexibility. Wiile the capacitor 30 wll be primarily

d with respect tg a noth
manvég HaPih & v pinent are; Qf ORI JupARERs Rk o pggboard
invention is not so limted. In fact, the capaci t or
volta@e regnlatenhsredisdiaak atmumbyr apaipectstioomhish dhe eapacry 30 is
ESL, 5 WD 2005/062317 PCT/US211114 /0 3 9 2 3 9

uniq M %tcprablllty, or placenent are of concern.
Not'w t andi ng, notherboard voltage regul ation

uits hav nunbe aspects whi ch e
002§, ficpbgenatalyabe Shindual jredapreo: §0hene Cffe Lid a wound
generally be seen that the capacitor 30 has a case 32
foil Sdndisposuniwithin floi dasd42disshalbeddviesdicontigeratise3@iz conpled to
bal | - and-| ead confi guratl on 36 is coupled to the foil

the 311 3 33 gurés&&fﬂ&’ss%éﬁpl clcige 985 ¢h3 Pa] I HRRI-RBUl coridulr8@6h 36

con atron udes one el ongate fl at cat hode
term nation 38 h first

incluglge RS GHEXR Y 611088 e aHan ARG NG agist e coupied toa
configuration 36 includes one elongate flat anode

first terfatnaf iherfod 34h dhiertgllsarid-letd endigioatibed6tincladseonad
surface 10 of the foil 34. In another enbodi nent, the

elongﬁtlelﬂa%%?@hg%&rﬁ fib YDA §@1rgpéhdr{:;@}{;§aﬁlté %t%t:?ﬁ’cﬁ surface

|veterm tions ead

configuration 36 rra have an equa mber.. of cat hode
of thsrf@ﬂéaoé{@ angther ﬁmb imeat, thgpa ﬁaﬁré{ %ﬂ% ORbigaT oy AR may

than the other. [0024] As wi II be di scussed in greater
haved@t@hl ofo@lr@yfotid) or el teddireaionbe Tar ball-and-lead configuration 36

may have an equal number of cathode and anode terminations or may have one
more of one than the other.

[0024] As will be discussed in greater detail below, the foil 34 can be an
aluminum foil of the type that is commercially available and widely used in the

industry. U.S. Patent No. 6,110,233 to O'Phelan, et al. describes one such foil, but

other techniques may be used without parting from the nature and scope of the

invention. It can further be seen that the ball-and-lead configuration 36 includes
two solder balls 42 coupled to second ends of the terminations 38, 40, where the

solder balls 42 enable electrical connection of the lead configuration to a printed

wiring board 28 as best shown in Figure 5.

[0025] Turning now to Figure 7, it can be seen that the foil 34 is made up of a

first surface 33, a second surface (not shown), and a dielectric layer 35

6
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15 alumnumfoil of the type that is commercially

avai l able and widely used in the industry. US.
WePA108M0623N0. 6, 110, 233 to O Phel an, et al. descRCTES20041€39239

such foil, but other techniques may be used w t hout

parting fromthe nature and scope of the invention.

" n,further be en _that the | I
sanfliyifRaE i aEh o R el TR et P ne B3¢ may be
to second ends of the term nations 38, 40, vvhere t he
eleczpalylconduptive kyess daabredepesited eralgrovmebiarsihewispe
| ead configuration to a printed wring board 28 as

attaéh%%it to&h@\melb&riél 194618350 - AltROESH tHatehifa o 38) 461ag66Bown as
can be seen that the foil 34 is made up of a

el BPELTAR B3 L3 08B 3581 B 60 yRyene

9 2 3 9 sandvvl ched" between two foil surfaces. The
withstespedds thé didlectfiollaye3B4nthe imevard) fecingisides may also be used.
conductive layers that are deposited on, grown on, or

Furtﬁteﬂﬁbi% $€shcfld dehffled thithRe di@hiBalbhS 38 aBhap be Coupled to

ough the term nations 38, 40 are shown as bej ng

e S Rt R s S RR g

dielectric layer 34, the inward facing sides may al so
soldbsingsedaggifgy elheur’n:aﬂp cohtlustiroeihdhérve) atreahytdiher swigable
term nations 38, 40 may be coupled to either side of

" hEﬂﬁ] oil 34, and that coupling may be acconplished by
ec déng, sol dering, swagging, electrically conduct ive

esjive, ar any aqther su tabl e ech ue

joo2pf'y P(Vttbﬁpnﬁmlﬁg% frehen Lo bidr B9V B Srpiegiatyd o

appreciated that elimnating the convent ional weld
elinfingtitie the @tveatiohalopeESurtlendetiheesslooptEdl, and the shorter

termnations 38, 40 reduce both | oop ESL and ESR
terminations 38, 40 reduce both loop ESL and ESR.
[0027] Additionally, by using solder balls 42, the physical height of the capacitor
is reduced, which enables the component to fit into height-constrained locations.
Furthermore, the solder balls 42 enable surface mount connection of the lead
configuration 36 to the PWB 28. As best shown in Figures 5 and 6, the case 32
includes a plurality of orientation pins 46 (46a-46c) extending from the case 32,
where the orientation pins 46 facilitate assembly of the capacitor 30 to the PWB 28.
Specifically, the orientation pins 46 prevent mis-orientation of the capacitor 30
during board assembly and provide improved stability as the board is soldered.
In this regard, it has been determined that conventional wound capacitors can be

inserted backwards, causing dramatic failures, and may require a hold-down

feature to prevent wobbling as the board goes through wave soldering.

7
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[00271 Additionally, by using solder balls 42, the

physi cal height of the capacitor is reduced, which
wWepwbes1t he conponent to fit into hei ght-consRCEUSRE04/039239

| ocations. 15 Furthernore, the solder balls 42 enable

surface nount connection of the |ead configuration 36

o the .PW\B 28 t..s in Fi

1002810 TSSnE AR B te i i SR i Adnrecrish gk B Prfiet Hfvention
(46a-46¢c) extending fromthe case 32, where the

further ipeavistes anmpthos! Abof fabricating e capacitdn yoarferafp a case is
capacitor 30 to the PWB 28. Specifically, the

providdEat ?fdc@é’slﬂ BfockG204rRY £ Bh1LHRE- Iérabl%hﬁtgh%h&{ 1stdﬁﬁ1pled to a
capacitor 30 O durlng board assenbly and provid

foi 4t by The il sk Siswsien Acboryt SRl e

capacitors can be inserted backvvards causi ng
wouddpsmth thaft ahé leadsconfigdratign extgoils éroam ot dasd:o\mflrst end of the
feature to prevent wobbling as the board goes through

cath(‘é@eé?e[rgglzqgﬁ%brur 0 1¥@t89@é§@s@ﬁ?£¢é JEerhé k&?éﬂﬁl%ék%@ BI&1262

g howto Flgure 8, It
C|ate that, the pres i nvention furt
proviesid 8 SRRSOk doe Bt Gnarine eap REFrIRaHaRite rsecond surface
Generally, a case is provided at processing bl ock 52
of tharfdila Abfilrh vaitld ah eatheclonfrfayeraaid miide $ayenippeavitied dor at block
foil at block 54. The foil is then disposed within the

63 iny @g%r % &11@95 ﬁ%g%?ééﬁétegﬁle%gtr% Ry BHGD %Q ﬁBtetdht?lat the

configurati ten e case. Irst end
of the <cathode ternmnatjon is cou edtoaflrst
resulfing Hpkeagt be Maieed tapush sadaed ebihies wddajippAndalignment
for coupling of the first end of the anode term nation

prockSsed. Se@eniriisrbaceen thattahglufrality. ofAolddirbalistae aoupled to
et ched surface and oxi de |'layer i's provided for at

bl.ock
secoafi%fr:lggt ?%3 Peg%ﬁggtl?rﬁ {:1?8% x@ﬂe re%ﬁ%%e@ﬁ%éls falable
resulting foil can be ach| eved thr ou h st andard

electgicohtonpectirnddtheleadaeafiguratier i the

[0029] It will be appreciated that the order in which the processing blocks are
performed may vary without departing from the nature and scope of the
invention. For example, the solder balls may be coupled to the terminations
before the terminations are coupled to the foil. It should also be noted that the
solder balls enable surface mount connection of the lead configuration to the
PWB.

[0030] Turning now to Figure 9, one approach to providing a case for the
capacitor is shown. Specifically, a can is provided at step 66, which enables the
overall height of the capacitor to be significantly reduced. Block 68 provides for

extending a plurality of orientation pins from the case, where the orientation pins

8
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processes. It can further be seen that a plurality of
sol der balls are coupled to second ends of the
W@ 2000062317 ons at bl ock 64, where the sol der bak@BUS2004/039239
enabl e electrical connection of the |ead
configuration to the PAB. [0029] It will be

d at_the, order i ch the roge
fecilif opsertb of R sabidhun SRR arbS WiERBHPRAERE Plbe of any
fromthe nature and scope of the invention. For
shapexadphembehersiataddre ¢raipled fmfhdeandoy phyaceepteble technique.
termnations before the term nations are coupl ed to

[ t t & 46a,
e

tion of the | ead

nfiguration P 0
s SRS e S0 RS A93S) TR PR e cac
capacitor is shown. Specifically, a can i's provided at
32. Bigare B6howhithal @radspenditgpapavercalare pedgheddh thBWB 28 to
capacitor to be significantly reduced. Bl ock 68

fac11ﬂ5t%vdl%‘?§nélﬁrof R E@l@t‘éf BAS4PIHARIH ébrPé‘sp%ugr% &t Fa %ds on

he case, where the orientation
2005/06 317 qﬁ§ﬁ é%114 /039239 faC|I|tate
te‘§§§€ﬁﬁ¥§“6P @@% itor to a P\B. The orientation
pins may be of any shape and nunber, and can be

[003EJouhesk #killetién elanatyan mpwaapercat érone thafaragoingfbascription
exanple, in the illustrated enbodi nent (Figure 6),

that 1Y 1%a91r le§HiA %E 8P Y r@%sér@ﬂnvgi@%m A be i ‘I@m@nted in a variety

rec anuar S are we to an outer surface
of the case 5 32 Figure 5 sho that ¢ espondi n )
of fosmer {lineaefose, aviple,this @y enionshaspggnsieseigbe 4&&??%@&& n with
alignment of the solder balls 42 with the
particaldres@eislen theredt, die padscape of fhe inppetiors shbudenatfbet doe

PWB 28.
limited since other modifications will become apparent to the skilled practitioner
upon a study of the drawings, specification, and following claims.
[0032] While certain exemplary embodiments have been described and shown in
the accompanying drawings, it is to be understood that such embodiments are
merely illustrative and not restrictive of the current invention, and that this

invention is not restricted to the specific constructions and arrangements shown

and described since modifications may occur to those ordinarily skilled in the art.
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[ 00311 Those skilled in the art can now appreciate
fromthe foregoing description that the broad
W@ 2wshé2sgs of the present invention can be i npP@ErEsR084039239
in avariety 10 of forms. Therefore, while this
i nvention has been described in connection wth
I cul ar exanpl es thereof, the true scope of the

CLAﬁﬁgintion should not be so limted since other
nodi fications will becone apparent to the skilled
practitioner upon a study of the draw ngs,
sivéait i3 daimedr, and followi ng clains. [00321 Wile
certain exenplary enbodi nents have been descri bed and

1 ABalily ISptiRfecopanying drauings, 115 Lo be

illustrative and not restrictive of the current
ihe&ti on, and that this invention is not restricted
to the specific constructions and arrangenents shown

and otescioilodigpsiadcwithinditid @séjizaant may occur to those
ordinarily Skl I[led in the art. 9 WD 2005/ 062317

PCEAI'IJ%P%H%%& SoBf gugati%n%o%p%&w@e%ﬁt arlcP (fgfzﬂii{ffgdﬁoﬂn tH2 case,

capac case;
i sposed with hi the case; and a ball-and | ead

the lz?dhan@d%d renfigwappadaving freverdhpndtie kallsdRdrRg from

the case, the ball-and-1ead configuration having
fewer than five balls in total. 10 2. The capacitor of
claim1, wherein the ball-and-Iead configuration

2. Ierﬂlael g%fﬂsﬁltga 0{8 ag%f]] Iy@}aér hﬁ}d&até):arl g%r?c?{l a%{]?&ﬁi‘/gld}gtlgnflﬁ&ﬁaes

a single cathode termination having a first end coupled to a first surface of
the foil;

a single anode termination having a first end coupled to a second surface of
the foil, the foil having a dielectric layer disposed between the surfaces; and

a total of two solder balls respectively coupled to second ends of the

terminations, the solder balls enabling electrical connection of the ball-and-lead

configuration to a printed wiring board.

3.  The capacitor of claim 2, wherein the solder balls enable surface mount

connection of the lead configuration to the PWB.

10



a single anode term nation having a first end coupl ed

to a second surface of the foil, the foil having a
waeizwbeest1 c | ayer di sposed between the surfaceRGT/ESRI04E39239

a total of two solder balls respectively coupled to

second ends of the term nations, the solder balls

abling. el ectrical .connection .of t |l - - .
4. SHsasarieet ShOPESd SRR aT o s beSraT L Lz &80 pins
capacitor of claim2, wherein the solder balls enable
extesdinigarenmtbecase the orimatationpios fadilitatinghseemblyyaf Hie w@pacitor
to the PM\B. 10 WO 2005/ 062317 PCT/US211114 /0 3 9 2 3
to toh PrinfdiPwedRabbhy. of claim 1, further conprising a
plurality of "orientation pins extending fromthe
case, the orientation pins facilitating assenbly of
the capacitor to to a printed wiring board. 5 5. A
bal | -and-| ead configuration of a capacitor, the |ead
5 5. cAbhilleandddadiconfigupaticn nfa capaditng) thedaathedefiguration
term nation having a first end coupled to a first
e of a a single anode term nation having a first
Comgﬁgfr%gupl ed to a second surface of 10 the foil, the
foil havipg.a dielectric ]Jayer. di sposed.between the
SpnabeshaaG B Gom bRV B OR GBS b8 Ja e acy of 2
coupl ed to second ends of the termnations, the
foil;sol der balls enabling el ectrical connection of the
| ead configuration to a printed wiring board. 15 6.

K s FANRAAHEA 5,0 Al cBLipldd B a WkehEldhrface of
t%gingg% %rér aeh%?qaé[na %‘gﬂgﬂaﬁ%@g mgun? connecti on ofr aceo
the |l ead configuration to the pr ic{léed W T n% btoar d.
10  the foil, the foil having a dielectric layer disposed between the surfaces; and
a total of two solder balls respectively coupled to second ends of the

terminations, the solder balls enabling electrical connection of the lead

configuration to a printed wiring board.

15 6. The ball-and-lead configuration of claim 5, wherein the solder balls enable

surface mount connection of the lead configuration to the printed wiring board.

7.  The ball-and-lead configuration of claim 5, further comprising a plurality of
orientation pins extending from the case, the orientation pins facilitating assembly

20  of the capacitor to a printed wiring board.

8.  An electronic assembly, comprising:

a capacitor, including:

11
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7. The ball-and-|ead configuration of claimb5, further
conprising a plurality of orientation pins extending
WO 062387 case, the orientation pins facilitatPCRUS2004/039239
assenbly 20 of the capacitor to a printed wiring
board. 8. An electronic assenbly, conprising: a
capacitor, including: 11 WO 2005/062317 PCT/ US211114
/O PP 3 9 a can; a plurality of orientation pins
extending fromthe can, the orientation pins )
f acid phatlingofassatthtiyn ping &dendivgcironr thewan, the onientation
Wi ring board; a foil having a first surface, a second
. ofe C . . .V\Ben
S e S e b
can; _a single cathode term nation havi i rst.end
coup? &4l havinge finst sgrtacy, @f%@@%?uﬁﬂ%er ﬁefqiga gﬁie‘s‘%ﬂﬂﬁ fayer
anode term nation having a first end coupled to the
dispseabbetwepurthasarfated, fiee fail beingndotid and docted in theocan;
sol der balls respectively coupled to second ends of
t he r ' he,. . j e
el oct Pl ERBAIE Rt uBR RSN B CFORRUAIE 1 e frst
printed wring board. 9. The el ectronic assenbly of
surfagexnfthe foikherein the terninations are el ongated 15 and
flat and the solder balls are attached to ends of the
f1 ata biglolé Maddorsmidfion hevielectirstehd caspinbtoythefsecond
claim9, further conprising a PWB, the sol der

surface of the foil; and
a total of two solder balls respectively coupled to second ends of the

terminations, the solder balls enabling electrical connection of the terminations to

the printed wiring board.

9.  The electronic assembly of claim 1, wherein the terminations are elongated

and flat and the solder balls are attached to ends of the flat terminations.

10. The electronic assembly of claim 9, further comprising a PWB, the solder

balls being located on and attached to the PWB.

11. A method of making a capacitor, comprising:

attaching no more than five terminations to a foil;

12



ball s being |l ocated on and attached to the PWB. 20 11.
A nmet hod of making a capacitor, conprising: attaching

Wo00806231T han five termnations to a foil; 12 REI/US2004/039239
2005/ 062317 PCT/ US2004/ 039239 attaching a sol der ball
to eachterrrination and winding the foil. 12. The

dof er. co rls ng: 5 attaching

Hﬁ%}?séldﬁgg]?ﬁ%‘aeééﬁfeemﬁﬂﬁh Wt ing the foil into
the case. 13. The nethod of claim 12, wherein the
twindingthefgl.i ncl ude a single cat hode ternination and
a single anode termnation. 10 14. The nethod of claim

11, further conprising: nounting the solder balls to a
PV\B 15. The nmethod of claim 11, wherein the foil

[ con e surfaces 15 and a dielectric
D Rad R R i eSS etcea 15
5 attaching alignment pins to a case; and

inserting the foil into the case.

13. The method of claim 12, wherein the terminations include a single cathode
termination and a single anode termination.

10
14. The method of claim 11, further comprising;:

mounting the solder balls to a PWB.

15. The method of claim 11, wherein the foil includes two conductive surfaces

15 and a dielectric layer between the conductive surfaces.
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