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CONFI GURATI ON  BACKGROUND OF THE I NVENTION 1). Field of the Invention 5

[ 0001] The present invention generally relates to capacitors. Mre

particul arly, invention relates to a capacitor having

equi val ent se}VioteJS&&Sr/désg%ﬁzt ance (ESR) and equival ent series Fﬁ%’g?gﬁ?gzs(s’ESL).
2). Discussion of Related Art 10 [0002] In the highly conpetitive personal
conmputer -(PC) industry, the difficult trade-off between cost and
performance has been well docunented. For exanple, in an effort to provide
nore features to t o) =R RId has been
pl aced on strean iirﬂ]llbnlg%ém 'ﬁ;{%ggﬁgl\l is-@-!tgglﬁg ﬁéﬁg l(SS%ﬂrrlrfr?o(i:]%ﬁfsﬁ"jRAl\gsE)'t“F

not her boards enpl oy one or nore voltage regulation circuits to ensure that
15 the proper reference voltages are supplied to the notherboard processors,
and it has been determ eﬁd t hat circuit has a direct effect on the
swi tching p%AF&G%@U&T%EJ E@%‘F\B@@?& N The vol tage regulation circuit
typically has a voltage regul ation nodul e and a capacitor arrangenent
(anmpng ot her1). cdifpldnsithe InveRtioncapaci t or arrangement is critical because it
provi des 20 decoupling between.the voltage regul ation nodule (VRM and the

processor ﬁﬂgﬂeﬂ%ﬂﬁf@se %@ﬁﬁbﬁgﬁ%@@%&@@@&ké citdkd, AMBESBAtHcURNE, ve the

use of nmulti performance pe capacitors, which can have very

| ow tenperatyre 1 WD 2005/ 062317 PCT/ US2004/ 03923 stapilit wi.de
frequency raH§eVERRPT ISR}CF 9 %Fal?_%&oﬁgﬁé’lpgdﬁé Ecetcﬁ%qlﬁ?{aﬁﬁ‘% %?i)(és resistance

(ESR) and equivalent series inductance (ESL).

2). Discussion of Related Art

10  [0002] In the highly 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

s -
o

focus has been placed on streamlining motherboard systems and components.
Most motherboards empon one or more voltage regulation circuits to ensure that

15  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

20 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



parasitic inpedance and heating effects that degrade capacitors, and is
highly desirable in the conputing industry. The cost of these perfornance
capacitors, however, is relatively high with respect to other capacitors.

It is thereforgo3.fpeisiabl € to provide an alternative to cospvebhenEd3e
performance capacitors in voltage regulation circuits. [0003] The

~alternative approach to the above design would be to use a conbination of
ceram ¢ and conventional electrolytic capacitors, which would reduce the
costs of the stzhiiyi vite faequanggrenge, eaddonelifeb yow EBB reducks-the funpwantdl r educed
cost, however, is reduced performance under conventional approaches. [0004]

Thus, the CO?;‘é%lﬁcQWed%ﬁE@%a ‘Pl(aa&'i% afiseaBRt degRdedapadtdis Hid isQﬁsglﬂKCOSt -
savi ng opportunity, but certain difficulties remain. For exanple, the

typi cal wound. .al.um nym el ectrol ytic, capacitqr (s un e to neet the

exbct | ng ESRULIEY i BT Res By Rr Rl er oty
Figures 1-3 illustrate 15 that the conventional wound capacitor 10 has a
case 12, a wihouiengr, isrefatisiedys bigh withirespechte etheecapaciors. dt isuberefergd
configuration 16. The dual |ead configuration 16 is coupled to the w nding

14 and exbendgsikalslatd ﬁ)V@@é%éﬂefr&ﬁv@@@@@ﬁén@i@nﬂ?@forn@ﬁc@rca heiforb it ed
W ring board (PWB, not shown). It can be seen that the dual [ead

configuration 16 t term nal assenbly 18 and anode term nal
assenbly 20 é’@itaéa@%u?aetfo%%%%g&enbly 18 and 20 includes a termnation 22

(22a, 22b), a lead 24 (24a, 24b), and a weld 26 (26a, 26b) coupling the
ternmination 28008} (The altemnptivg approadsp the abeie drsigh weudd ke HeEse dat t he

design of the dual |ead configuration 16 can be quite challenging with
regard to ESRosihdtoh ofcerargixanid @nvehtidhidl electriobyticZapritdi 5i0ach3tduld

PCT/.US20041039239

reduce the costs of the capacitor arrangement considerably. The trade-off to

10  reduced cost, however, is reduced performance under conventional approaches.
[0004] Thus, the conventional capacitor arrangement provides a significant cost-
saving opportunity, but certain difficulties remain. For example, the typical
wound aluminum electrolytic capacitor is unable to meet the exacting ESR and
ESL requirements of modem day high-speed processors. Figures 1-3 illustrate

15  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  20. Each terminal assembly 18 and 20 includes a termination 22 (22a, 22b), a lead
24 (24a, 24b), and a weld 26 (26a, 26b) coupling the termination 22 to the lead 24.

[0005] It has 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



| ead configuration to two term nal assenblies has been found to contribute
toa relatively high ESR in a capacitor of this type. The di stance between
terminal assenblies 18 and 20 has a significant inpact on ESR and ESL.

[ 0006] It is%§&5}'ﬂ oftant to note that the weld 26 contributes to | oop ESL
and 5 that the'ralatively long two-piece termnation/| ead FEST2H AR to
both loop ESL and ESR It is therefore desirable to provide a | ead
configuration that enables ESR to be reduced w thout sacrificing with

respect to [l cohfgtrdtiohttoWvlo tefthfifal Bsseaitics bhabesh foliald toeiohddibute to a
manuf acturing and placenent difficulties can also result fromthe

conventi ona ! ch’g'iﬁ) . YAl l§*9% ection

t hat occursk%%@mh%%g S ﬁgr%e%%‘if@ggk \j\&/g%ybgeblﬁgrc?l%tg%lgéi%l C egl[e)c%% Ibits the
use of the capacitor_ 10 in_dual-sided reflow P . F hernore, the

traditi onal 2%§ hf%%éﬂdlggl'ﬁaélaaﬂgf\}-&a}‘ttl@PF‘?t%Evgfi@iiﬁ the use of the
capacitor 10 to applications having a great deal of clearance space. Tall
body and | (0086] ekdsalsoitnpiobiahetd noteithdtehe BERA EStomisibugted to IRed&ESLgmdof t he
hei ght 15 could bring the ESR/ ESL down. t BRI EF DESCRI PTI ON OF THE DRAW NGS

[0008] The Eﬂh:ﬁ%fe%JW@ﬁﬁggéeg a@énﬁée?&%&g»%aas teDBHFIBEE o ¢ he

acconpanyi ng draw ngs, ‘wherein: rgure 1 1s erspective view of a
Comy B SRS b2 200 SR SRR DR S LMD,
foil before w nding; 3 WO 2005/062317 PCT/ US2004/ 039239
to be reduced without sacrificing with respect to ESL.
[0007] It will also be appreciated that certain manufacturing and placement
difficulties can also result from the conventional capacitor 10. For example, the
10  typical solder connection that occurs at the 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
15  could bring the ESR/ESL down.

(. BRIEF DESCRIPTION OF THE DRAWINGS

[0008] The invention is described by way of example with reference to the

accompany‘ing drawings, wherein:

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

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

before winding;



[0011] Figure 3 is a top plan view of a conventional capacitor; [0012]
Figure 4 is a perspective view of an el ectronic assenbly including a
printed wiring board and a capacitor in accordance with one enbodi nent of
the present i QgueRbiRAs170 [0013] Figure 5 is a side view of pLhgaRsaisRloeY
shown in Figure 4; [0014] Figure 6 is a bottomview of an exanple of "a
capacitor in accordance with one enbodi nent of the present invention;
[0015] Figure 7 is a perspective view of an exanple of a foil and | ead
confi gur at i off00d] ofFégwiedds adgop placviendaiceonventionreapaditti nent of t he
present 10 invention; [0016] Figure 8 is a flowhart of an exanple of a
met hod of f alpg tif‘i‘%ﬂ@' 4 i§ ARRGIIREivE VicIF 6PN AlREROMIC abscafiblyaRblediimeat of the
pr esent invetr;??%?:; ahd [00?%; I;Fi gure 9 is a flowhart of "an exalugl e of a
process of providing.a case,in, accordance wth . i .

present i nverﬁr}rgﬁ‘%l V‘%%“E)é?ﬁq_ﬁﬁi bﬁg@ﬁl%ﬁ%@%ﬁ%%ﬁﬁ,%?ﬁ%@%&f ggﬁle
capaci tor and nmethod of fabricating a capacitor in accordance with the
princi pl es ofpregeat grvesdior; i nventi on provi de enhanced performance. The
capacitor has a case and a wound foil disposed within the case. A

bal | - and- lseaqo0iBp N Figwed i aridSvieatsd d aﬁ@rﬁm? shewh ialdgenctends from the
case. The use of "balT 20 and-lead technology tor the | ead configuration

provi des sub ial b fits, wth. R, . Lhity,
and pl acerrenﬁb@]?g)o?ﬁurl%n%%ﬁ&%t\grm glsepegfglgg )E%rh@ei%g\?ecﬁ ?%ﬁ?@%g@%ﬁ%ﬁ%ad
configuration of a 4 W 2005/062317 PCT/ US2004/ 039239

one embodiment of the present invention;

[0015] Figure 7 is a perspective view of an example of a foil and lead

gl

configuration before winding in accordance with one embodiment of the present
10  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 invention; 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.

15 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-

20  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



capacitor includes a cathode term nation having a first end coupled to a

first surface of a foil. An anode termi nation has a first end coupled to a
second surface of the foil. The ball-and-I1ead configuration further
i ncludes two conductive solder balls, of the kind used in ball grid array

technol ogy, CHRIPIEEBY second 5 ends of the term nations, BAHAS8004923%| der
balls enabl e electrical connection of the |ead configuration to a printed

wiring board (PWB). [0020] In another aspect of the invention, a method of
fabricatin eRAG e | r qsﬁ . iS¢ id Birst
bal | - and- | gcaa a(g:lonfl SIEJ;&S? F‘%ﬁﬂ%@ééup ggélixgﬁgﬁg'fagfﬂ‘%ﬁ Qfﬁiesﬁglteﬁrc}gaf tljrrst her
provi des for dispgsing the foil within the case such that 10 the

bal | - and- | e%’éfaééﬁ’? ﬁéw?-aw@ﬁtt@m@ah%ﬁ?ﬁ% ﬂg“%ta%‘él.c o3 ﬁeqoggtsarfsee
understood that both the foregoing general description and the follow ng
det ai | ed desfahe poil. Fheball-arddtad eotdiguiration Hiirthdrénclndesitwo nondwctivar e

i ntended to provide an overview or framework for understanding the nature

and charac, [ g&gﬁ' i1 o &g@, &ﬁg@ﬂﬁg@&id’ﬁg dr awi ngs
are 15 incl%)giﬁoéaggg(?foﬂ\}? e ahgé&ir%ﬁoedrlf%ﬂrl%gﬁé?gn |r?bOE§,?Ct Invention, and are
i ncorporated jn d constitute part of this. specification. The .draw.ngs
illustrate e‘%fié‘rquﬂ%te’frg&?@i‘@?' ?i’ﬁ'&r%ﬁﬁ’o?ﬁ’ﬁ?érhags G’f"g'?lﬁéf c F?%Efcugﬂcﬁ’wlt%‘get her
with the description serve to explain the principles and operation of the

i nvention. le8d2&hfigimtion td agvinted viringhdachFWB).or 30 havi ng significantly
inmproved ESL 20 as well as enhanced manufacturability and pl acenent

Floxibilit o) ! A ( ! ! el
exibili Y[go%%]![ h@r%@?ﬁ@w dfRhe ﬁgle‘ﬁ’lnbh,, PRI EI ﬂabﬁp?(%?%ézc ok tdh

respect to Itage regulation circuit, | ortant to
rote Che e e on Lo ol a0, L 00 i L5 REARL, 20 oo b
foil. The method further provides for disposing the foil within the case such that
10  the ball-and-lead configuration extends from the case.
[0021] TItis to be understood that both the foregoing general description and the
following detailed description are merely exemplary of the invention, 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
15 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
20 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



WD 2005/ 062317 PCTI US20041039239 manufacturability, or placenent are of
concern. Notw thstandi ng, notherboard voltage regulation circuits have a
- nunber of aspects for which the capacitor 30 is wuniquely suited. [0023] It
can general ly hat the capacitor 30 has a case 32 5 foil
34 di sposed vviv?ﬁim'r‘?gltﬁ%éﬁcase 32. A ball-and-1ead configurat ??)% é%?}gﬁgggupl ed
to the foil 34 and extends fromthe case 32. The ball-and-1|ead
configuration 36 includes one elongate flat cathode term nation 38 having a
first end comphethcturability,arqlacemedrdeee of conkerri dNotvathstadingamiothardoandad
configuration 36 includes one elongate flat anode term nation 40 having a
first end copyt rb?ul@ﬁéﬁ‘éﬁ@@itsgﬂéxf@é?ﬁu&@e%f éégﬂctfs%f witch the c@?@éihﬁ-r?;o is
enbodi ment, the balt-and-lead configuration 36 nay have a total of three,
four, or five.ter 'natti ons. The ball-and-lead configuration 36 may have an
equal nunber%%&%%&g' and anode terminations or nay have one nore of one
than the other. [0024] As will be discussed in greater detail below, the
foil 34 can [8823n tsanpensraliynbeseen thiat theecapppidon Jhhas ascase pang aatvpynd
avai l abl e and widely used in the industry. US. Patent No. 6,110,233 to

O Phel an 5 etfodl34 digsssetineghidnbe sakeBf QL ballaHH-ledd betifidiBatBh 38escamled o used
W thout parting fromthe nature and scope of the invention. It can further

42 coupl ed 15 Sk dRa dRREE Honk oA R AR AL A R BB o s

balls 42 enable electrical connection of the |ead configuration to a printed
Wi ring boar dngigidgs ope elongata/faticatimidg ieenination 8 dpving afifsy endworplad ig@ e 7,
it can be seen that the foil 34 is made up of a first surface 33, a second
supface (notfishsiiice cfible foilid4 ! Fled balFah@y@id dnfiguration 36 includes one

elongate flat anode termination 40 having a first end coupled to a second surface

10 of the foil 34. In another embodiment, the ball-and-lead configuration 36 may

have a total of three, four, or five terminations. The 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

15  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
20 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



6 WD 2005/ 062317 PCT/ US2004/ 039239 "sandw ched"” between two foil surfaces.
The surfaces of the foil 34 may be electrically conductive |layers that are
deposited on, grown on, or otherwise attached to the dielectric |ayer 35.

Al t hough the W&y mofehis@ns 38, 40 are shown as being attacheg dsSholhRpl des
of the electrically conductive layers that face outward 5 with respect to

the dielectric layer 34, the inward facing sides may al so be used.

Furthernore, it shquld be noted that the term nations 38, 40 may_ be coupl ed
to either sisgBdwichede bebyeergavo foilsurfases. cﬂ%ﬁﬁqr%eﬁﬁ’gﬂ}fef%l@’édﬁﬁ]’ P&hed by

wel di ng, soldering, swagging, electrically conductive adhesive, or any
ot her sui t abéleciricalty oomdiectivkQayddd et av¥ Hopesdietion)igngvn ebheoeothertviseFi gur es
1-7, it will be appreciated that elimnating the conventional weld further

reduces | oop ﬁlﬁ e gﬁé}g ?151'1’1 UEPafRQ ESL
and ESR [005 ng???%ﬁ%m%@%%&%ﬁﬂéﬁgo er tg S aj%n%t@’g’e p ys?‘?al ei ght
of the capacjtor is reduced, which enables the, conpgonent to fit into

hei ght - const L%WE@EFaF tq ’g‘ﬁ@desf’@thﬂﬁlﬁ%ﬁﬁﬁﬁ %?nqqfélq;gg‘l‘%? that fpce gwardp) e
surface nount connection of the |ead configuration 36 to the PWB 28. As best
shown i n Fi gutithsreSpenteb the diblectritday@34, thredhuded facipg sidek ntay albo be used.at i on
pi ns 46 (46a-46c¢c) extending fromthe case 32, where the orientation pins 46

facilitate apsARblYoRS iBuRARAROAAAGNE frklifafiR 3840 n3P0d ikl Yo the

orientation pins prevent ms-orientation o e capaci tor 30 during
Chi s r ogar o CHRSTHAL bR T PRTRIBa: SHELETHAE BE BT AMD SIS E 4SRN Gor s can
be inserted backwards, causing dramatic failures, and nay require a
ho }d- down  soldering, swagging, elecirically conductive adhesive, or any other suitable
| technique.

10  [0026] With continuing reference to Figures 1-7, it will be appreciated that
eliminating the conventional weld further reduces loop ESL, and the shorter
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.

15  Furthermore, the solder balls 42 enable surface mount connection of the lead

E : 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-46¢) 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

20  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



feature to prevent wobbling as the board goes through wave sol dering. 7 WO
20051062317 PCTI US2004/ 039239 [0028] Turning now to Figure 8, it wll be
~appreciated that the present invention further provides a nethod 50 of
fabricating a | Generally, a case is provided at i | ock
52 and a baII;ggg?%ggﬁﬁéonfiguration is coupled to a foil g@ﬂgg@@%ﬁgﬁg The
foil is then disposed wthin the case at block 56 (after being 5 wound) such
that the lead configuration extends fromthe case. A first end of the

cat hode t er miMf28] oA ursingmmyy éaiFigure8fit wéll be appeasiated thatdhe preseat iryeotien 60.

- Block 62 provides for coupling of the first end of the anode termnation to

a second sur f@@Rer govidie o Method/S(f of fabiMédtthetdcfaehter Gendrallp, acudeaxi de | ayer
is provided for at  block 63 in order to achieve an appropriate dielectric

Layer 1 SnoukidaBg Nt ed L g bl 0 8l LS L0l DR, RDeYEA ST ouot

standard et cKi %g 1"on, ©an ignnen I OCESSES. can
seen that a plurality of solder balls are coupled to second ends of the

t er m nat i ons feil atpleek564Thofail is ther dispperd wikhin thegage ptblogk ag (aiterdreng

connection of the lead configuration to the PWB. [0029] It wll be

appr eci at 8d haind) Baclotige the TeaditoafigtRtiopraxe@ &l fignhhoeks. 2 €irstkhdpgithor med
may vary w thout departing fromthe nature and scope of the invention. For

Cor mnat i one CareeRagtaateR R sl 16 RfbeiRhiol FTb IR kEFR g0y RlicER,

sol der balls enabl e surface mpunt connection of the |ead configuration to
the PWB. 20proddes foreenphing ebihe brsipad pbtie anpde teppinesien 10 @ sgeend sHrfasea
case for the capacitor is shown. Specifically, a can is provided at step
66, ‘whi ch enabesfollne film with an etched surface and oxide layer is provided for at block

63 in order to achieve an appropriate dielectric layer. It should be noted that the

10  resulting foil can be achieved through standard etching, oxidation, and alignment

processes. It can further be seen that a plurality of solder balls are coupled to

second ends of the terminations at block 64, where the solder balls enable

electrical connection of the lead configuration to the PWB.

[0029] It will be appreciated that the order in which the processing blocks are

15  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 conmection of the lead configuration to the
PWB.

20 [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 significanily reduced. Block 68 provides for

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

8



overall height of the capacitor to be significantly reduced. Bl ock 68
provides for extending a plurality of orientation pins fromthe case, where
the orientation pins 8 WD 2005/ 062317 PCT/ US2004/ 039239 facilitate assenbly

of the capacitgip Hes@2i¥B.- The orientation pins may be of aEMT/U§%B& d
nunber, and can be coupled to the can by any acceptabl e techni que. or

exanple, in the illustrated enbodi nent (Figure 6), three orientation pins
46a, 46b, 46c, have a rectangul ar shape and are welded to an outer surface
of the case Zacditateassamblpofthewepatitar te arifWBp diheioripnigtim pine snayr ke pf ey ded
in the PWB 28 to facilitate alignment of the solder balls 42 with the

cor respondi Nghged aid np@disertahd Ediebdi@Rpled tty hatan Oy dnfyeactdBaBk tetlddddé. Those

skilled in the ‘art can now appreciate fromthe foreg0ding description that

10 0f forms. EheranBieit i ERSERTE iy itieRn et R SRRl a1

connecti on vm'thd{)arti cul ar exanpl es thereof, the true scope of the invention
shoul d not bd6bdtéc} hawe arectangdarshape and dire Weldddotesanwuter padacreofdpparent to

the skilled practitioner wupon a study of the draw ngs, specification, and

f ol I owi ng5cl @apMEigdr@ GFRbwithh cdiedspahAir@xaiephuaey are o deihths 2VEB b eh
descri bed and shown in 15 the acconpanying drawings, it is to be understood

Lt _ueh, erbgdh R e O bk DU SRRl 5SSl 1

specific constructions and arrangenents shown and described since
nodi fi cati onéhmpp@rc@ufaqe@ftth@w?%%i narily skilled in the art. 9 The
invention clained is:

¢ [0031] Those skilled in the art can now appreciate from the foregoing description

that the broad teachings of the present invention can be implemented in a variety
10  of forms. Therefore, while this invention has been described in connection with
particular examples thereof, the true scope of the invention should not be so
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
15  the accompanying drawings, it is to be understood that such embodiments are
g 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.



1. A capacitor, conprising: a case; a wound foil disposed within the case;
and a ball-and-1ead configuration coupled to the foil and extending from
the case, the ball-and-lead configuration having fewer than five balls in
total. 2. The capacitor of claim1l1l, wherein the ball-and-lead configuration
i ncludes: a single cathode term nation having a first end coupled to a first
surface of the foil; a single anode term nation having a first end coupl ed
to a second surface of the foil, the foil having a dielectric |ayer

di sposed between the surfaces; and a total of two solder balls respectively
coupled to second ends of the termnations, the solder balls enabling

el ectrical connection of the ball-and-1ead configuration to a printed

Wi ring board. T infdiiogR@aped @ of claim 2, wherein the solder balls enable
surface nount connection of the |lead configuration to the PAB. 4. The
capaci tor of claim1, further conprising a plurality of orientation pins

ext endi ng ase orientation pins facilitating assenbly of the
capacitor to f@§5£§m9 an”ﬂﬁglng board. 5. A ball-and-I|ead configuration of
a capacitor, &hﬁelead conflguratlon conpr|S|ng a single cathode

term nation haV|ng a first end coupled to a first surface of a foil; a
singl e anode % BP¥HdRH diRosedyidyn ébefqa?esfmféﬁaalkmfipleé@cqrﬁ”lgaraé@e@ﬂwl%ﬁoﬂ%e of

the T o ot el i o it ELEChE b haRha chraR03GH: RENERA & T aces:

and a total two so s respecti to sec of the
terninations,bwhenumﬂjder bal I s enabl i ng electrlcal connectlon of the |ead
configuration to a printed wiring board.

2. The capacitor of claim 1, wherein the ball-and-lead configuration includes:

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.

4. The capacitor of claim 1, further comprising a plurality of orientation pins extending
from the case, the orientation pins facilitating assembly of the capacitor to to a printed

wiring board.

5. A ball-and-lead configuration of a capacitor, the lead configuration comprising:

a single cathode termination having a first end coupled to a first surface of a 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 lead configuration to a printed wiring

board.

10



10 6. The ball-and-lead configuration of claim5, wherein the solder balls
enabl e surface nount connection of the | ead configuration to the printed
wiring board. 7. The ball-and-lead configuration of claimb5, further
conprising a plurality of orientation pins extending fromthe case, the
orientation pins facilitating assenbly of the capacitor to a printed wiring
board. 8. An electronic assenbly, conprising: a capacitor, including: a
can; a plurality of orientation pins extending fromthe can, the orientation
pins facilitating assenbly of the capacitor to a printed wiring board; a
foil having @& Therail-asdHidadcenfigursttmortalsmrst ahereinathel sadetiballe edabiecsukfayer

di sposed between the ,surﬁtrgc?s, the fojl being wound and | ocated in the can;
a single catMeuY compestionel B [93d grriggusationte themigtedoipng 8ot the first surface
of the foil; a single anode term nation having a first end coupled to the
second surface of the foil; and a total of two solder balls respectively
coupl ed to séciwrdabndd-lakl cohgguraran ofatdims furthhecongwisdeyra flatality draishtation

| ectrical . ti f the t i nati ol to tn i nted W ri b d 9.
el ecer or P SELA SR PR A e BE S PP oo
and flat angpfifted $aifddoakpl | s are attached to ends of the flat

termnations. 10. The el ectronic assenbly of claim9, further conprising a
PWB, the solder balls being |ocated on and attached to the PWB. 11

8. An electronic assembly, comprising:

a capacitor, including:

a can;

a plurality of orientation pins extending from the can, the orientation pins facilitating
assembly of the capacitor to a printed wiring board;

a foil having a first surface, a second surface, and a dielectric layer disposed between the
surfaces, the foil being wound and located in the can;

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