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MULTI -* ELECTRODE DOUBLE LAYER NG HERMETI C ELECTROLYTE SEAL 5
10 15 20 25 30 35 Background otgnmmﬁmmwz,m&n The present invention rel ates
gener al Wo 0113388 el ectric double |aygr, apaci tor, and nor Ecwsoulm*ﬁarl E to a
hi gh perfornmance, high reliability dSubT e Layer capaci tor made w
| owresista

per f or mance eIectroI c saolution. Even articul arl t he present

i nvention relates to Wﬁ%& %g?‘ HCAE Iyq g life, organic
doubl e | ayer capacitor ;c‘e Q 8 ITEm | npr egnat ed

car boncl ot h -eleet+odes—and—a—h-gh—perterranece—eleet+oelytt-e—soetutt+oen— and
housed within a hernetically seal ed case including a hernetically seal ed,
electrically insulated el ect ri cal f eedt hrough. There is.a well recogni zed
need i n & heBa «¥os: 2 rechargeabl e energy source with high
reliability that can V, fE% hy éﬁgﬂé&&& schar ged,
and recharged qui ckl e %ﬁgh£€9¥ﬁ 1°h ?Eggﬂgvg%%,, e 6% %ng life.
Anong appl @:Jaw*éﬁscm{e\tb%%ulwmmmutem saoR é@%\ﬂ%’ﬁ@?ﬁ%ﬂlsﬁal al

appl i cationg, hE@t@SyéTx?foﬁPé}ﬁéé?atH% réndaBit @ a1+ ons.  Doubl e
| ayer capacitors, also referred to as el ectrochem cal capacitors, ?g

energy st OrSRRATLYPT B9 H A1 1 L el AHTESE HSERBFE IR PRI RRE
and unizo VQ‘l'ahﬁBoxﬁhﬁIthi agll éctorede € apad i honighl @e&tﬂbﬁma}methey can

typically d he. st ored, ener at_a_hi ati t han
rechargeabl ?f%#Y%%c SOFHEHﬂbthY%9eV°5§p§ it swﬁﬂh {$# two porous
el ectrodes phmeatem\selhtaieml febates etor hégh @(mtﬁa_:utmabycei, poighs separat or.
Both the s t od [ t ctrolyte
sol uti on. %ﬁlﬂsfég%%? ei]g?foi\igféon?%g%ﬁrgfent HG&%?I%%% IZQ %ﬁw
- 01/13388 - Bade(TitsobaveresistanceElpphnun-inpregnated carbon-

: 15 cloth electrodes and a high performance electrolytic

wei ght

solution, and housed within a hermetiéally sealed case
including a hermetically sealed, electrically insulated
electrical feedthrough.

There is a well recognized need in the

20 electronics industry for a rechargeable energy source
with high reliability that can provide high power, that
can be charéed, dischargéd, and recharged quickly, and
that has a high life cycle, i.e., is long life. Among
applications that could benefit from such as device are

25 industrial applications, consumer applications, and
automotive applications.

Double layer capacitors, also referred to as
electrochemical capacitors, are energy stor&ge devices
that are able to store more energy per unit weight and

30 unit volume than traditional capacitors. 1In addition,
they can typically deliver the stored energy at a higher
power rating than rechargeable batteries. .

Double layer capacitors consist of two porous
electrodes that are isolated from electrical contact by a

35 porous separator. Both the separator and the electrodes

| are impregnated with an electrolyte solution. This
structure allows ionic current to flow between the
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el ectrodes through the porous separator at the sane ti éjg 0t517e por ous
separwpai/ipa8event s an el ectrical or electronic current [Fg:g gntﬁ)’pésed to ionic
current) fromshorting the two porous el ectrodes. Coupled to 1HeFBBQBJs5 of
each of the active electrodes is a current collecting plate. one purpose of
the current collecting plate is to redute ohnic |losses in the double |ayer
capacitor. |If these current collecting plates are non-porous, they can al so

be used asepgetredane-REPRENt 5PCsBIFOUBOEBRPETRAPEr Atafdts 56re

el ectrost akh@ teRedYpdFods Pekphiragdr| pguivenkayan whiedtfiarals ovhen a
potential exists between two_electrodes i mger s%d AN _an reel &Gt T Io& e. \Wen
the pot ent €ARSEE UpisF | BYFBEPGs S 2Bh8PBPREL §8ed CTa CdSIH*E Ty F O positi ve
and negati s@ok% icltariges twof poredsaeleberebest.r oGeuglest ri yhe ihaak f ace
(hence, _the nanme."double. |l l,.ca i.tar y :t.h I zat | ‘

el ect r oyt &Fi §REM Pt h%hgf\égévge%grggg%)%e%n&tgr gt %g%%pﬁedﬁgeg{ftlﬁbg field,
and al so dpdatte .t heOme ppheposiecefatthen cany ealti geddmctoing | Rlate|ig £20

fbhecubes 9%@h%4“§ﬁﬁ£.rfo§H%EaQ% Qhe! BBUBHLECHRYLES callifc s Of x@rbon
el ectrodes in el ectrochem cal capacitors with hiigh power and enerc%_hdeny ty
represent s thesiqgrpyreent agvdsciddd RlefRS RECHAGNTRPIRNS LS Par has-a

| ow densi t y 130 warboss ehachedes fCanebeabakiiiteat eka2b, with very high
surface areas.' , Fabricat '&on of doubl e I.% er_capaci to{s t\;/\{_é& c€jircbon

el ectrddes has been kRABWR1Pn lAWETarPPRGL RES & 00T 15" A3 BViUenced by
United St ategreddat eith Hopolar8e@H 6 ouBdckelyer adch Edrfifov{dBoos et al . ).
.. 30 A mgjor_problemin ny. bon ectyr C4 AN i ng doubl e
1 ayer capa(ﬁottcﬁ?rgjl? ?ﬁéfg%hﬁeg%{efe r&?ﬁc%lﬁ%ﬁ;&gp%ﬁ%g?eé sf%ﬁjﬂen linited
because of elidutrvlptent eWhain rihe giodeed iefl tife anpbbed ep@EPFDHJIERE Thi s

i gh i nter Ao dgshalance FRGG dugdd YR U f@iid Ohegat g4 udi ng t he

hi gh contact resistante of the internal -carbon-carbon copfacts, and the

' cont actl esthargre bf fREMededl Jdes aliaatrPdang Rt ety ERt bRtertygs
01/ 13388 - GefAd/ UBRA/ RAmE3 i doudb RES 23R4 i gadli €y eBySthace transl ates
to, large ohmc Josses in _the, capacitqr during the chargjng and discharge
phases, Miwqqfs%%'%l?ﬂrPlﬁelt?fd.\f’éres“é:l’i}ﬁéﬂ‘tfeec‘t° "b?‘na?ﬁcggP?%?i c RC
(resi st anceepitpoibhanadert ithe appliad affedtrid £hehd|t andaalisondeef ere
with its ahility to.be.efficientl,y. charged an i sgh i short
period of t'c?’ret.l'}/el'h‘ngOfLS Fﬁ&serg:%% Tk iaar{gfhaéﬁaﬁﬁé%g ?gv\gr&?%grég%efnt er nal
resi st @we,nalebhkaseovee thihe MamurECQMI‘@w;ﬂéﬁcﬁapéemors. 10 ~
Various el ectrode fab h%au%?daa@gﬂawsef@a@r &8 ﬂhsehaéeéoexé{nﬂ:ﬂe%

[ .

years. For exanple, the Yoshida patent, (United. States Patent .
5,150, 283) ¢ARAE bbessavwisthdi Tt RowvRre@nheREEIY RANELEY FERESEENEScur r ent

col l ector by SepQ$ElcA%tC AL ERyPOVReFh B O &ERRS1859Cbecaake carbon
conductivity-inprovi n% agents on_an al um num sub her__rel,at ed

! g gtrate_." A%lo}J Lely
approach fdta¥ edudPiy it ARG CRERIR teheetbPdREr 68N BPetPPEASE RS
di scl oszsl i withi vedyShdigts Siat £ate Noreds 597FABB1¢¥bibndafedoable which 20

- teaches that_the incorpqQratiaon, ugi, UMt b fiber
el ectrodes i%\%eﬁecgé’@gpﬁp qrs%e"('jl%r%%ﬁ&\%\egggﬁggﬁgggl Flhc% ﬁéggr gnleﬁ’?oq?ar bon
fi ber prefothe.artt famottheiteppeonachiner asdevidgnerd bysilitede of a

carbon el ecgegfgsi patAdhineD. Ui 886,616 (Becker), and 3,648,126
- (Boos et al.). . : :

30 A major problem in many carbon electrode
capacitors, includiné double layer capacitors, is that
the performance of the capacitof is often limited because
of the high internal resistance of the carbon electrodes.
This high internal resistance may be due to several

35 factors, including the high contact resistance of the
internal carbon-carbon contacts, and the contact -
resistance of the electrodes with a current collector.



25 States Patent No. -4,562,511 (Nishino et al.) wherei n fiber is
di ppedVQ At/&338% aqueous solution to forma layer of a c%ﬁhﬂ&oﬁg&g t al

oxi de, and preferably a transimsion netal oxide, in the poredq pfFggh

carbon fibers Nishino et al. also discloses the formation of 30 neta

oxi des, such as tin oxide or indium-oxide by vapor deposition. Stil

another rel ated approach for achieving |ow resistance is disclosed in
United Stat 8% imathergh Noesistaonge 74Eansl Sods 380, lange 5ol OB dat anchuk et

). 3 Thenltanglukest ghripal el soleppinyT ahe dlalndelal plibers can be

interm xed wth car g and sint to crea a” structural
stabl e condWddighe losgeel 'Peelser advergqly/Sabf oot 3the @hmsptzmshmn X

whi ch may b@cﬂ%@ﬁse@neéeﬁtéé)?@cltmﬁcéfﬁtem@wkoﬁét%t PRt s al so teach
a process that reduces the. electrical, K resistance in the el ectrode by

reduci ng thEaﬁﬁHbEFOBfaE%rbBﬁeEQ?B%d"EB%thE?saPh}bﬁbht%hP%h current 5 nust
flow to reaelfftiei ewt By cmﬂg:eaoandjrdsnrsw@@maqbdwmks bt igesidanl ess

sLeel or 1 Biele Mo spgeo ekt o Ry (ERINETcostRLL SRS have

| ear ned t hat thIS approach has no been Suc
used becaus&hef xnﬁermhareensbanm umndrhencsi the duinagcdistante sfntering

or heating gbuydhe eApetrespacrgLber area of concern in the fabrication of -
doubl e | ayer capacitors relates_to the nmethod of connecting the current

col lectdP plate to theVarkewsottectredesabrportipr beehnituemdiaveerface

bet ween thebla@rﬁ'd?ﬁéP@'Qe@ngvéPeréé'érﬁ@ni'e&Pé| eckoF &kahS1Lé S ther source
of mternalxﬁ’sc;?1 ance OL t he doubl e | ayer: ca acitor, and such internal

resi stance 2 1 @htahs PaheRk [RiFedcStakes ?%P%%? ¥@. 4,562,511

(Ni shino et salls)o,&spg@ﬁs&swé@sar&ném@w69 @a‘mﬁad:tmg r@t@é@o&wh as
alun1nun1ont3

b
col | ect or Iayé%ﬂ?‘gé surf%%%r%?tf%%ig?%%?Foé% gi??%?ﬁég%segﬁeyhnlques for
'bondinglandpmwdanrﬁm@)chﬁnuelemtrccalec@mduetevatselmpmswrhgenbemtshe 25

11 N'Sh'”Bne%dﬂalﬁﬁﬁﬁﬁ% suQ%{HQﬁ@g’arC sprayi ng, vacuum deposition,

sputtering, non-electrol yt|c plati ng, and use of conductive paints. The
previ ousl y-cited Tatar%%%k ¥ xelatrd aaprroarh Sfopgreducivg . tiee 102, 745,

5, 304, 330; Qﬂ@é&dﬁi)éﬁéﬁséﬁhé@qﬁfté&%$@ﬁdéﬂ8c9fo@e§9i§1dié&ioééﬁrfﬁt

Ilector tq the electrode by sinter bondi
clectr ode ePBHERA 90 BRLERS Wat ch oAb 030 1(0RBHIR ke dbbyasthich al )

di scl oszs atemidhes AfhPONEhE JihEEr St €1dn 36 CRéL £TE Osudlw ddaatunimes of
ocess.whi ch causes the of the

o o B B R0 RIS e B Rt B el el

weaving metallic fibers into carbon fiber prefornms.

Yet another approach for reducing the

resistance of a carbon electrode is taught in United

25 States Patent No. 4,562,511 (Nishino et al.) wherein the
cerbon fiber is dipped ihto an aqueous solution to form a
layer of a conductive metal oxide, and preferably a
transi.ion metal oxide, in the pores of the carbon
fibers. Nishino et al. also discloses the formation of

30 metal oxides, such as tin oxide or indium oxide by vapor
deposition.

Still another related approach for achieving
low resistance is disclosed in United States Patent Nos.
5,102,745, 5,304,330, and 5,080,963 (Tatarchuk et al.).

35 The Tatarchuk et al. patents demonstrate that metal
fibers can be intermixed with a carbon preform and
sintered to create a structurally stable conductive



WD 01| é%%@ g> PCT/US00/20~37 i O FEB 2004 Still ot hech&oasedrart
concerne %% the nmethod of fabricating and adhering current coIIector
pl ates can be found in, United States Patent Nos. 5,065, 286; %
5,072,336; 5,072,3.37, and 5,121,301 5 all issued to Kurabayashi et aI
Recently, eIectrochen1caI capaC|tors ehpl oyi ng non- aqueous (organi.c)

el ectrol ytem% liu S %@Vﬁe}l’pegg ‘Slg%(glé)é)egn ;’pgégrgggbl %h a)i,er cd:q’acktors

have t he advan age o opera I ng voltage gener IIy Suffer
from hi gher eitni@gr. na#atr@stsmhee m@etm@e@@ess h‘ehgperatimgsv@heage greatly

| ncr eases “&‘ie‘%’%‘%ﬁ%’aﬂ%‘ééié’t&’ﬂcé hfn d&}@'éléé‘&’?&déaBgCgeQﬁm ? @l e, an

aqueous doubl e layer. capacitor erate at per cel
while a si mmuab%om%mgnuea/menvmmt% § atraughswhighy gursrent cel | .

This di f ter ghee Iﬂcm)etf@tt@gcwotﬁ@geetmr@aﬁwceaer gyTﬂQ@SIatp\bﬂ&a\/cﬁ factor
of 11.8. Unfor%ﬁﬂatelg lnon agueous el ectrolytes tend to be nuch nore
s?

sensitive t ¥OrKsuMeS fsﬁt:ﬂl%eeﬁ\%t%?e%} %&y@bﬁkeinft‘ﬁ’érél acter ASRL. Any
| evel of these ums.pu:réttaies Zﬂow\ebérl efgh I Dcgass geaeeal eairneid Iumﬁ htenﬂ@ubl e

| ayer capaci b t I, d ,

vol t age. Bec%% ‘M&i ﬁns)gﬁgn% act%&%ﬁ%é%fﬁ%dﬁéeuegus éﬁbgkr IfF' Jﬁﬁ%le

| ayer capaciuseds hedege eaf theefoxmativniaf ahvemlleuml cagk et suxing oxygen
25 cont 3@l NahieoR HddY ind Nor ChesLink V£ Rk LE1BeHuhibho manuf acture,

striving to achieve leve conta nation on tﬁe order of 10 to 100 parts
per million. In order 4%P§kﬁ¥e%§e?oﬁ§ ¢omeern &ndbhpl fapzjicatdqmcet or

enpl oyi Ng a deRIb1FAUSAHSY eLSEAEPEYEE PaThtdattbStRA ARehdkedrat high .
vol tage, care nust, be taken in I|n1t|£ the influx of water and o%ggen into

t he eIectroFﬂﬂ?%ﬁﬂ%ﬂq ore® CORFERRF af P YL 85 EPT abt BERo A Cadiieo 3 89t tyte
doubl e | ayerrhqepaicy tﬁﬁﬁoﬁtsn@asaaeeelemﬁél $REépgckedbhtleedi and hat imt

the |if e dpubl e.l ayer 35 capac o,the infl wat er and
oxygen TRaofERtratR ARa: BNE cvRrERe e 1 LR O Trh ARy Tand et ooyt hat
i nvol ves eI@@Mmma(nf|Emthamabfresytt£h¢é3688the6doBBIbLJS@Gh20 ~37 1 0 FEB

2004 111 UL Wy STBLA C1 20 ST LT OEHEE=RBE) 1 Gengd, and

thus smal |l er small er’ conponent s enman ressures een put
on the makeR®WoRsdRAf®iPb§er capacitors to decrease device size, while

_ U.S. Patent No. 4,562,511 (Nishino et al.)

20 suggests plasma spraying of molten metals such as
aluminum onto one side of a polarizable electrode to form
a current collector layer on the surface of the
electrode. Alternative techniques for bonding and/or
forming the current collector are also considered in the

25 '511 Nishino et al. patent, including arc-spraying,
vacuum deposition, sputtering, non-electrolytic plating,
and use of conductive paints.

The previously-cited Tatarchuk et al. patents
(U.S. Patent Nos.. 5,102,745, 5,304,330, and 5,080,963)

30 show the bonding of a metal foil current collector to the
electrode by sinter bonding the metal foil to the
electrode element.

United States Patent No. 5,142,451 (Kurabayashi
et al.) discloses a method of bonding the current

35 collector to the surface of the electrode by a hot curing
process which causes the material of the current :
collectors to enter the pores of the electrode elements.



5 maintaining a high | evel of capacitance. This demands not only extrenely
| ow i NYE&YHAR38Besi st ances, but poses an additional probl BET/USHH94Fddi t'i onal
problemlies in the fact that, at least in non-aqueous el ect rol1 p

doubl e-l ayer 10 capacitors, environnental contami nation from fo e';@a#me
air and water leaking into the electrg wte result in a significant
reduction in capacitance, and a correspondi ng increase in resistance,

nanmel y resistance to i®bikl cetrlrentrelaned arJ!5 dN}hd:@rhédC%‘t%ntﬂer‘a|

doubl e- | ayery L &P e t| na technol o een applied to
seal the capaé(;:?g%%sggo %gwfgf%oﬁz c%ta Wb‘? e‘f%’f?’gfy'y HEYD prevent
cont ani nat i G- ¥%eS heaelleett@m el nyilirti ted) ghra el Patent HSSdew ces becone
i ncreasingl ys no¢s a3 g 2 n It u ar 0 e

T e g e g UHe T328" B S s used

suitabl e._ Further co |icatihg thi's prdbl orh i act
in sealimy thet dbRdred |ty dfu @shdr afustl.be thermal |y and chenical ly

conpatible with the elm@éémiy}t e @%gﬂ&mﬁ%ﬂ %Fagag Ebt Qy l%'yln%f ovi de
appropriate electrical 25 char acteristics, i. con uctl E

i nsul at or, JdEPERANTSCSH iR edeqt |°§Y|5@5|9tqldh“e¥i°nw hhavenbielen

‘doubl e- | ayerdaxqabm:péabr -Theas € efpulta f Walylee! PEYitHd ORadkl €§e | N that

consuner Vi & that an be directly soldered tQ printed 30
circuit boarg Aliﬁa r%qa}esr AR IS Rse 'om‘iltb'éeESHﬁatlinl e with
the seallithg %{fpﬁr%cﬁf%d‘p‘t@tﬁq a)m!telrmaw msmse:m)ncdoutmuathbeeets a ums erl al
that is sol eaktg@l TV | L R o diech ter|

‘iﬁ‘f Qﬁléa%ﬁ % soI hec3%kg$§§e§§nstl e and

Furt her nor e, convent I onal”™ auto Jer | ng
i nt ernal cort'ﬁ’(?n ]t%’@%cﬁftﬂa@lltéfer F@a'p@eﬁatﬂmlemsanbeqabbast 0 Wi t hst and

exposur e todod\wé)ﬂa@ﬁ%: i/t 0 Y ? higgh e res)
for exanpl €. &gr nper.at.ur es acg‘%?Tgalto 2§8°3§gr§es c‘g‘%.%‘g ? BguVthgESP%trunut es.

It is thus &P e e (St ars “&“céﬂtlleﬁlhﬁsnglen@éiﬁf‘mlﬂ-nﬁpe\?é&ed@tbl e
"l ayer capaci2t.@r yo]&mtpammea\aed Th igodhlee elradyie qa-pa-_%épgﬁlﬂgeqctma% i ver

| ar ge anoun Lg%ﬁé at +3 out put and energy
density rat fl?llgs W thin %‘@{a g %t r%|Sg:rtl°6'd"btfr * and need to be
produced in a small, é—blfdmtame\eelyongohl-taqudewsce;lé&tmholyfﬁéevedndow e

| ayer capacipk0 | | haye ls veI I i nter resi st ance
ané yet - Ee (?E g“ﬁ‘fzhg’t&% %Iezll%r%gtqve g fl@‘t’/3 ?l eSH gsﬁeéf}at?ﬁg 98?&&@ It is

al so appar eRFYCIRAY, tlme§@ed@\?~|e§§-§°§,brﬁsl dAbe dfeVIed.wqﬁqtteheaé inpustidies

Sumrery20f el nead iten ghs. Efé%e%%%ﬂt wiRNTR! kOl RAUlIEPICEaLRE above and
ot her needs b\éra gmldln performance, hernetlca y-Sealed, double

| ayer capacif T i ttlhﬁl @°€Pé8t LBUes. CpRasidanbbeli eparatedeat
i nventi on chigbevoltage. ~Because of this, manufacturers of non-

aqueous electrolyte double layer capacitors take great
care is limiting the levels of water and oxygen
25 contamination within the electrolyte solution during
manufacture, striving to achieve levels of contamination
on the order of 10 to 100 parts per million.
In order to achieie long life in a double layer
capacitor employing a non-aqueous electrolyte and that is
30 operated at high voltage, care must be taken in limiting
the influx of water and oxygen into the electrolyte
solution. Commercially available non-agueous electrolyte
double layer capacitors are packaged with sealing
technologies that limit the life of these double layer
35 capacitors due to the influx of water and oxygen.
Another issue that continues to face virtually
any technology that involves electronics is that of



20 characterized as a long |ife double |ayer capacitor and nethod of naking
the sanme conprising a case and a first termnal with an electrically

i nsul akypeyfxegeni ti c seal interposed between the first teRGH/BIN28HA t he
case,. Afirst collector foil is electrically coupled to 25. anL| np-g? %
portion of the first termnal and a first netal inpregnated car clo

el ectrode having a petal inpregnated-sgde. The netal inpregnated side of
the ' first netal inpregnated carbon cloth electrode is juxtaposed agai nst
the first Cmﬁmfﬁurclcdalﬁ:éxﬁ)r fwith Am3Qlper and sepaltatrodeivd celzedgimt aposed

i he f ' I . I
o egnat oq “ERARIFET G oFBSEr SBe Age: ADCa Sneedrt; SehbdEnse FHFY O
j uxt aposed @gaiarsted hepxp@ssusesepawat beepuphtt bat thee mpiesss ofedudiler is

i nter posed #?e\&%éworyﬁg BELS asgpqieeg,qgtee%bggri %@é‘ l;ot h eI ectrode

and the secon npregnated carbon cloth
PCT/ US00520#@A nk 20 IRRRy 200Highetervede o ITRAPRSASANCRRL arrmlrﬁpld@gm?@d car bon

cloth el ectrpded yp%%kéi-&ﬂégﬁs%b 4 Rl raR 10RRASsRA nSlede Putl R s el
metal inpregnated carbon cloth electrode is opposite the netal I mpr egnat ed

si de of the38&ddniPnfst BPrePLaPr egnat ed carbon cloth el ectrode and the

opposi ng side of the spe¢padagmiehonans @grwleeh QdeBon ncledieh felcﬂx:tmmie, i s
j uxtaposed. agai.nst_the porous seBar at | lector foil is

t
| It aposed REarMFASt neh HOPAr SpAEPEGn SAET Erde OF CRELECaRY et a
I npr egnaed aaqrakmrtdxﬂs clehhiebanentdd. cms@mumdtuenmfm'@lm,l ot ectrically

coupled to the spelco'nda c#réggtwgg e (%%u %neelle%q__g ci%__tee sol ution

saturates t K& mpregnate car eI ectrode “and t he second
met al i npr eg'm@tnelct clar ba)nscgnnﬁleae@t rr@@exctllw@ elre@tamqnt@n@.sdnﬁ idn is

substantial lag %hat gylaé esaéeﬁnqem%tene@trln%éw e A e

hermtic seal n |n [ux of inpurities into thé electrol yte
~sol ution |st$11t9§tra¥ﬁ|%!¥¥§/epﬁhfbpf’ed by the case and the electrically

[ RSUl at |1lsg her net i cI s%llaolgnchomm1MO@dmb-1ta@@n ruagﬁan}gbﬁan be -
characteriz s alo e do e layer. _capacitor _an t 0 in
the same co%ﬁr ?is‘?erfg %P‘ﬁ%?ﬂé%f’ea Iffe é’é%é‘c?q,yag’@ r?teé'i r#’r?&ela q'tﬁaﬁef g
nmetal i npredhat exhpat Fodrodss, asath m:foui'he:qﬂumml ithye (n‘lerce:tmlytg)raamat ed
25 el ectrodes, havi I3 t he
herrGretch;IOI 2 Zﬁv'%tgsg&é?gm;ggﬁgr%a |ty€h|f ?&F@é%?’l% ec’tqﬁe-gi #&C#Pés eacﬁ of
which is j um’aboeaanblagaaasdemceSpwqm dimengfastimg 4y wigtiatunizeds al
| mpr egnalped c%rﬁfé,f@fi&ﬁafgééeﬁhgg'e@. f;'iiélno?%r@%r@@wﬁ%fé de. t;]&ﬁfé

ur ality

separator materi a I'S posit bet ween respective ones of {

of metal imssyrbieattngcthdgepraided dh-thudars dhat matRElabs u‘ﬁ
saturating siH Gsed 1M Itueoﬁoubuel-llarw:emmtﬁixemt\mde@a thertmably

mul t I el ect raondcle ct?elnqgcal ? (c::cealmlpa Y:lcee v}&h Oghnéadelectvx\gloy]tésa?’r?g thg
case of the capacitor, and provide appropriate electrical
- 25 eharactefistiqs, i.e., be conductive or an insulator,
depending on where the seal is positioned.

With small double~layer cApacitor devices, a
further complication arises in that consumer demand is
for devices that can be directly soldered to printed

30 circuit boards. Thus external terminals must not only be
compatible with the sealing approach adopted (and it with
them), but must be of a material that is solderable using
conventional soldering techniques and materials.
Furthermore, in a conventional automated soldering

- 35 process, the case and internal components of the double
layer capacitor must be able to withstand exposure to




PCTI US00/ 20. 137 1 O FEB 200 Brief Description of Draw n?ﬁ@ﬁo gve and
ot her WOP&BI8 features, and advant ages of the present §ﬁ3 w I be
nore apparent fromthe follow ng nore particul ar description t b &68

presented in conjunction with the follow ng draw ngs and Appendi X, wher ei n:
"FIG 1 is a sectional view of a single cell high perfornmance doubl_e | ayer -
capaci tor made in accordance with one enbodi nent of the present invention;’

10 FIG 2 sghamat glelrxétmqs_@ 'f'é)?rQﬁémﬁ?@P%@ﬂ%érQEu%eQa%ECuE!WlB' gsbayer
capaci tor, such as the doub | ayer ca acltor 0 ;

concept ual I4PGT2 @St FEIESLYH B raery & THRBREGH - view of a single activated
carbon fiber such as Ix ngy mysgﬂpaﬂe@teﬁmadese@b tiseadeuhkenhaygr

capaci tor of ‘4‘.%\?1 FlL G 4 g; i sectio h ust r.at ho_n of a é
fiber clot e hg SHRFSY & %%‘h ?y%ﬂnﬁ?ggcé §%Fur CREF FFPESYPL: i ng a
| ayer ofs ' aianbherrﬁaw:egnqmc;lﬂ@rﬁl eedAtosdalivesslsegei amabntlsl astration

of a carbo C licity of
activated glag;éoon flg sgeysasu%hgagég ghvmflél é‘i’&?ﬂgSthg %urt gP
al um num i ereghtyt r@é@mq& Whehimoe retathvetur BbATL nerlbdneﬂfetl@s, FI G

"SA shows aﬁ{é‘%&actberﬁee%@&wa oh @ §1'n£iflse§B'1Q@§lab‘ﬂeew18fw Lheegarbon
cloth made out of tw sted .carbon fiber bundles, and | ust r at es how a :

plurality ofeviFst e§ulq}be‘rmib‘{ﬁfﬂ$%sd‘a‘1“él‘9\o%%he¥'OCPBPﬁ’IlttHéscéF‘BBﬁdcF‘éf’ﬁ 30
FI G SB.ocorrfaBpé ual k)éllaHJMEéIﬁt BSwW alﬁt@ﬁﬁ&ECfEQ!ﬂétaWcQWaﬁfﬂ getr bpl e twi sted
carbon fi ber g ar bon cl gt@ afd her conce tuab é

i | tustrat escaé”é? fef e(¥ Jtrl’%t?oﬁe atively Pﬁg uﬁP&E@ﬁlp t §Ot89Bow of
the fiber mmdi=; alsoFla@pdrahovwshat thesaalienticesr chichldi dgr ah dbwt he

basi ¢ doubl, o FIG 1, WO 011 13388 - -to PCT/ ~1500/ 2U~37
1 0 FEB 2pp%¥%%ll %%%Cléeg?r(gére det ai I ed representation of the equival ent
circuit diagramof FIG 6, particularly illustrating a relationship between

~electrode rgg c Ll eetEd ybe solution resistance; 5 FIG 8 is a
%ﬁéﬁg %fa’qu £ n&#O f

Cross-secti vari,ous current paths through which a
char ge ¥Pay pass as |tm%vﬁrﬁﬁ@ﬁghn&e%’é}P@c@@ﬁrﬁﬁﬁteé thige 2bP¥Et AHMe, an

el ectrol yt g trade ﬁe&a@aw %ré*ﬁﬁdhﬂ@raOll}lﬁg]ﬂaﬁérfaﬁtn&h@léqes assom at ed
therewith) .in the.do

LTI oy e £ Ea ATt aSuRES, LaY e Rl erREAY o n BV aNg of | nternal
resi stancemrﬂ.tttpleapa@dtm'od)ésFl G 1, FIG 10 and 11 schenmmtically show

one system 15 and g e ot SREaHL % BeCREDERL RO 6! gl i L1

al um num thereby inp I ng 2P U AU déep into the { §&"0f%t he: car bon
fi ber Rindldmardctbricdead Bs aa ldamgsuﬁeedouhlél t8yes sagagitor and

method of making the same comprising a case and a first

terminal with an electrically insulating hermitic seal
interposed between the first terminal and the case. A
first current collector foil is electrically coupled to
25. an interior portion of the first terminal and a first
metal impregnated carbon cloth electrode having a metal
imbregnated side. The metal impregnated side of the
first metal impregnated carbon cloth electrode is
juxtaposed against the first current collector foil. A
30 porous separator is then juxtaposed against the first
netal impregnatéd carbon cloth electrode. A second metal
impregnated carbon cloth electrode having a metal
impregnated side is juxtaposed against the porous
separator such that the porous separator is interposed
35 between the first metal impregnated carbon cloth:
electrode and the second metal impregnated carbon cloth



FIG 12 is a side view of a current collector 20 foil of one enbodi nent
coupled to a termnal that is hernetically sealed to a header plate using a
gl ass- tonetal hernmetic) seal, such as nay be enpl oyed heul ar
enbodi NERLVEP8E he capaci tor of FIG 1; FIG 13 is a topbgfgﬁgg§h3§ Mrrent
collector 25 foil term nal glass-to- netal (hermetic) seal and header plate
of FIG 11; ' FIG 14 is a side view of the current collector foil of FIG
11 (shown in dashed lines) with an af difum i npregnat ed carbon cloth

el ectrode fol ded over the 30 current co]lector fojl _so a% to plage an
“al uri num's| BECHFOSRe aXDRi AERPPHPREEAht HPTEEHOER | GRRPPoCRatb | n
el ectrical ceneetiodetbstpestuivast sochechar dwidppesdng smuar Bf ttiee

Urew of the tebaRchEERrcSbbY REREY FErholf SFOEN e hertrtRe UE, troth ©
electrode,teppmaatg hbenmetalséapragdahaadaﬂgﬂ@Ietbé geconti metald/O
01713388 ¢ {1 g&légrbﬁﬁ éthE%é@@ﬁofé%car hé Bpg'o%‘i Y ML the

current CO| | ec um num I npr egnat e on C ect ro
(both shown ¢ %Ih%héaCPPﬁeE‘?téi Fmgeqaat%it@%b%r@hetaes&ﬁ&tt@@%vbﬁom ng

the current 9@&£§§beédfagb1aad ehal Yot BuE s a4 eaPet ed gaskedrd oth
el ectrode so as to proyi

e .an electricall |nsulat|n barr r r roundi ng
the al umi nun??%?%ﬁnﬁ?éeleEFBEt FBdé 18| 'G‘Xéilai Peged ?'E)% bte t“r?g"@urrent
col | ector foimprabuateansuﬂpregnahedségbﬁ@n%@tmlhlﬁbsGQhadedlmxmhsnlo

. separ at i C,S a eader FIG 18
i's g to Péro%@ g% #8%? emléfgfﬁgngurrﬂﬁ%n%% 1g°F51%51336 al um num
inpregnated campbedctothhelsecoodecpnreut sebbeator 60ifl.G AT8] awmth a 15
second al umm oygyc+BRLEANLEHIBOARLCh LD, et £odee gldad over both si des

of the porous separa a econ current collector olded fulli over
one side andimpregpayedyvenrkast Kdothi teetrede apdohbheasesongnnadaégnat ed

“carbon clothjg %@Eéﬁ@é@d éarbb& cl%thSeQeEQPoééOSSTﬁecbn.Q&@l:'rd&y@Hé of the
current collec m num, i nat ed carbon cloth el ectyode, porous

or  foi
separ at oF3 s%%%“ﬂlaﬂuhﬁnﬁHgFﬁﬁpédﬁ& éd EﬁFBbﬁe@IBYhtEPeEFFEUé“‘ nt€econd
current col I@:cé@triea!uyf 1ﬁbG1a1:8.nf;0hdeﬂ1t)ycrsé@!vaﬁdchhthfatth%n sifflui. e.

the 25 ", one- Ealf Si g of, E §ecog gy ieﬂ% ctor foil: FIG 20 is a

si de vi ew of °F hEMRUFFEABSCANEEC FOPE-IQLYUNT nT Pﬁﬁ?@gﬁé&ed carbon cloth

el ectrode, p@mbmtanépalayonnhabamad hyuhheuoasepaagnthedeﬂaqpnﬁedl&yrbon

cloth electr e rr collector foil having been 30 fol ded
%‘é ig@?ﬁ GBQ%R‘EE{ &2k,

over as in i's a side viewof the current collector foi
al um nun?@npr egnat ed cdnbsnotherh esbedinent, pbeolpvenpdcat ;#an seeond

al umi num i nprRgPALedy¢3eR08sChOtR g qekaodsub@adlagegn@awamr cghhect or
foil 35 having been fol ded over as’in urt her haV|q? been
h

i nserted i nt®egh easef( BerkaRg) the lsﬁmﬁh€°ﬁ85(’j§|1nﬁe?‘nﬁe\£€!e§e‘d: e case and
fill hole inséheelicadee kavitddning a plurality of metal impregnated

.electrodes, each of the plurality of metal impregnated

25 electrodes having a metal impregnated side. Also
contained within the hermetically sealed case are a
plurality of current collector foils each of which is
juxtaposed against a respective one of the plurality of
metal impregnated electrodes against said metal

30 impregnated side. A porous separator material is
positioned between respective ones of the plurality of
metal impreghated electrodes and a non-agueous
electrolyte solution saturating said plurality of metal
impregnated electrodes. Thus, a multi-electrode, single

35 cell device is formed,



VWO 01113388 PCT/ US00/ 20~37 1 D FBB 2004 - 12 been sealed with a wel ded
bal | bearémgsss ter contents of the case are dried and aRCEVEMHyte
solution is added to the case through the, fill hole; FIG 21§ ﬂF gzgdfde
view of the opposite side of 5 the capacitor assenbly shown in I&

having crinps indented into the case. &G 22 is an end view of the case of
FI GS. 21A and 21B havi ng been sealed with the header and the ball bearing

and al so smgyigktbgsgfhﬁg§on1@fFbg&wiagsand 24 are a flowchart of st eps
traversed in the manufacture of thg d g |l e | ayer capacjtor of FIG 1 in
accordance with the enbbfi ABAYEORD I@g.eEZaFH¥SE§h g%a LWres, ANGs a graph
showi ng noi HawEntQgkenbfobhéSpassendi hatzenaiosa vemsusetmdmecup @nsci ssa

Mayer capaci TS THECERALPFEBA PSTE RORRSFABAFAFTy STl ShARRE aver
capaci t o5 hpuregesteil an dengnsicbasn amthQhEI69126WLBgadE&w1m§Sgaa@hs

show ng per g g‘%%gglghaggg gnnan ordinate axis versus time on an abscissa
axis far cap ance an f internal resistance of a non-hermetijcally
seal ed doubl e |ayer caﬁé@rtér1Saﬁd5ﬁéﬁl@asécVﬂch@faﬁds%ﬂﬁlﬁrﬁ%%hal

TeSIstance<ﬁ1§p(§§9?5kﬁahE& d5useal edydeubkpakaysr ga@acifor such as the
enbodi nent of Z1 throu%h 21. Carres ondlng ref erence, characters

i ndi cate corrREPERANAG LdRPoRBAt EMPRASEGREUPLshBeSBYEFENt vIRY&N Bk he
drawi ngao 30 Detail ed Bescriepschematithaliyngepvsobnféena bl tampogents

description q%othﬁ%g%gs?ntgxecgngggp %§g1Q3§t ngﬁu?L gﬁgg%*&ﬁpg t he

i nvention i & aken~in I'ng sens e nerely for
t he purpose Idyetescapbeagorhefg&d€rall ;princi ples of the 35 invention. The

scope of the invention d e renc cl ai ns.
WO 01/13388.- 13 PCT/E§§ } 8g§9g§E852h2 g&gkgg ?E&?,%ﬂ ext e%§§Y a single
cell, high p%k@%@nuncﬁléﬁubfeal§}ég1€a9§§#ﬂéﬁeﬁocﬁ§bpnlgsbﬁét%wchnéﬁudlng a

cell cagg lylay apRakeqf ﬁlumbeugbaaar%gn%h%daeebbenlsyeihcsﬁssiﬁages 12,
14, a porous se arator 18, an 5 electrolyte 20, a pair of current collector

plates 22 af 2IGandiel ectrical leads 28, 29., (or termnals) extending

fromthe current collestot plabea 22osddskelativphlt helasspatdionsefaa to

DoV e an AR, rEReR! £16eh, CBRBSTHL 0SSk BARuR ERBLOYRLEE AN Of
and further illustrating a layer of aluminum impregnant;

20 FIG. 4A is a cross-sectional illustration of a
carbon fiber bundle, such as in FIG. 4, made up of 5
multiplicity of activated carbon fibers, such as shown in
FIG. 3, and further of an aluminum impregnant deep in the
"tow" of the carbon fiber bundle;

25 . FIG. 5A shows a schematic representatlon of a
side sectional view of the carbon cloth made out of
twisted carbon fiber bundles, and illustrates how a
plurality of twisted fiber bundles are woven to form the
carbon cloth; '

30 FIG. 5B conceptually illustrates a cross- '
sectional view of a triple twisted carbon fiber bundle of
the carbon cloth, and further conceptually illustrates a
preferred penetration of the aluminum deep into the tow
of the fiber bundle;

35 FIG. 6 shows an equivalent circuit diagram of

the basic double layer capacitor of FIG. 1;



10 i npregnated carbon cloth el ectrodes 12, 14. The particul ar geonetry
illustwadechssgy FIG 1 is provided for illustration purpeeeassoosvdtieferred
geonetry in accordance with the present teachings is illust rat,efﬂ EEL?%V in
, FIGS. 12 through 22, with FIG 2 15 through 5 conceptually ill g “ng
particul ar features of the present +eachings; FIGS. 6 through 9
illustrating electrical equivalents, in particular, internal resistance
conponents that are niRliGYi Zedhowst ke npres ewit aiganhi Fgsre EbFBati®rangk 11
illustrati S ; f f ri_ng ses for_the alum num
i mpr egnat egﬁ:%rﬁggagfggr&cI%gtr%%gllée?tq%gag& %%%SZ anaaﬁglFPﬁﬁﬁ Yating a
manuf act ur i kgl pPbEasdntor ried agdopiss ipapertvespac tart vbdeheepistarice :
teachi ngs UsidiOe RebkW19ita0dMtaRd FLG; 23,2004 26 providing experinental
~evidence of fthe 25 Iong l'ife aspects of the present teachings. Referring
back to¥I G 1, The aIF&%PnGmlisrrﬁr EgRacceecidisna lcixrpresentabden ©L 14 are
preferably arteds! chrewnt patees th2olgh finieh ¢ @M%rmg phash Ay ef or m
whi abed wit

or, alternativ, carbon paper preform ich 30 Is 1Tpreg

mol ten metats iiéws gﬁﬁﬁiuﬁﬁma FPB&HFGHF Blatsppdihe srleabbeiigedaml ten
nmetal, e.g.eledtmobyte,tiahdnaugepatratopPgandTRAMBYNSI pyeRf the al um num

i npregnat e t I odes, 12, 14 is,clgsely controlled during the
35 inpregn;%{%{lpg?ngkg %g?g?&%%gg ?‘F}Srﬁgﬁ-ﬁ&% flinbgﬁ’ecl%‘?%}% H8¥REai n a high
sur f acé%ar e@RaF VePunefr e ipernitting a sufficient amount of the
electrolyte 20 to be pr¥0 G1513388i57n14¢; / 0437 . FEB 2004

i ntroduced into the,ghjgubl e Iz%;%er§ gégg%%tférggr&lfg%glzllcﬁhglba%?&%m@??%to
penetrate fordbF t+hAUSErBEANEI BBe EPbEhOft Hndexma ki vesistancenter f aci al

area (surfatr at@pachebwees Fhe.ahunm num inpregnated carbon cloth
el ectrodes 5 and the k ctrol yte. Each of the current collector plates 22,
24 is electrically cofipfediOr88Pedti §ehgmatdcaddvoshawe enensyeaten

- i mpr egd&t ecrchrtEchsiotl ebec‘spﬁd?in%Za ¢4rpBrefaald Vo140 GYERENT |
or sinilar

col | ector pl , re.thin 10 ers of alum numfojl
thin sheet %lﬁ’é"ﬁ%%‘éﬁﬁu‘gs?gfe&} ﬁﬁ?ﬁ??ﬁ?’ﬂ?ﬂeagw‘&ﬁé‘ms@&ﬁ%t’o"r‘{'-‘iBt?@ exced
bet ween t h@falthe rearbepr Eghat ebdundlésnofl thl elleety,odas LP1uddrakkl t he
current colijhegiQis pl at §3q24, 24 being oriented away 15 fromthe porous
separator 18. The porous separator 18 is preferably made froma highly
porous material that BEfs 43 &% 2l 8ideoviiewi pfuRacor dmttveenllaetakuni num
| mpr egpet edodar ko Shet EmBbEChEREESodR1 880 d4a lei'n#i{??atl lllé’t\f\’s%y ui d

en

comuni cat '&lon nd ip particular, itonic 20 curr low through™the porous
separ at or §le%e“p§£ stedtednkopdrieadesprlater usdna a ghasartothat t he
al um num i metegnattesircat bop séeciroder 42, mdd BeemPMIydECch@nically in
di rect congggti\%i&%jpngmgnﬁtﬂert Sgcgp cont act ,between €| ectrodes woul d
result in a shor cTTRUTtMEN et BRecERBAFE Ol PdntFI%s bpposed to ionic
current) between the BI@ctiddes antop husewapfdtHepkeirirantofcshasgesyst ored
in thesgl ugyRYMy t rbon h,electrodes 12, . 14 d a_ subsequent
Py e, L ReFRBF iR ara L andbereet 30

inability tQ store charge’in the
el ectrodespié,tel&?fﬂz%cpo%bm nature of the porous separator 18, however,

al | ows novenent of ioppg(i Dgi Qscé”éfa‘é)vlé‘wtgflgh‘é‘igu@aﬁ’nédﬁ ﬁ%o?f&lé’@% the

“al um num i.npregnat carbon cloth el ectrodes, ) S, rn-other
wor ds, ionlfc?l(}u%&grﬁep?b 1 ofFReWR hin Hashed| yimes) with an aluminum

impregnated carbon cloth electrode folded over the

30 current collector foil so as to place an "aluminum side"
of the aluminum impregnated carbon cloth electfode in
electrical contact with the current collector foil, and,

in turn, the terminal that is hermetically sealed to the
header;

35 FIG. 15 is a top view of the current collector
foil, aluminum impregnated carbon cleoth electrode,

terminal, hermetic seal and header plate of FIG. 14;



35 between the el ectrodes 12, 14. The preferred porous separator 18 is a

porouswgguﬁ%g)pyl ene-based or pol yet hyl ene-based sheet p@@ﬁj’s@mmi el y 1 ml
(0.0 WO 01/13388 - 15 PCT/US00/20~37 1 0 FEB 2~~ inches) F % | f
I

deS|red, t he pol ypropyl ene or pol yethyl ene separator may be |m

soaked in the electrolyte 20 prior.tpyinserting it between the al um num

i npregnated carbon cloth el ectrodes 12, 14, although such 5 pre-soaking is
not required. The caspidl mByidea aiKknovéw NBANEHEO IR HeA ISR MidtbEoubl e

| ayer capacjptors. A preferred,type of ckagi n si_ng uter can onto
which is we*‘aéﬁj anﬂeggj'é’?u?\‘”ﬁc} ‘?%‘aéceﬁfgr gF; §?‘t (?q‘r?é:t °dal, for a
| 0 passt hrotipbtkl| shbwndén éashed v rokeg) eiﬁcn@de;mf owizh' (aalpcﬁdcﬁfﬁ rode"),

I's described, §£§£B?f£§6?%%¥h<§ eﬁﬁ%g&gﬁ‘} rft;écg’?’l ?:Q:o&:t Or‘i%o %%&0 | n_order

to maximze energy dens yer - capaci is an
advant ag@ou%l‘tlmltﬁgmmlﬁpﬁ?qléat% Gt e¥otmectactrode P@cl&@géﬁ@ doubl e,

| ayer capac4>ir805dérsntwée@fiaaﬂspemma@lﬁglBQrP%rW%% S per cent

of the doub % capaci tor acka he term nal s ext end
fromthe cubp@nlYDIRBR| eRPBIIMRDLIBETIOAR hrough the case 11 and are

adaFt ed ;or connect i opTeM étn as Eﬁ edy l\ﬁﬁé%cdl)f Cthé EuQﬁ:estitO%)nédt&r
preferred c guration, describe rei nbel o e t he current

col | ector ? i% z“%faﬁ‘t‘rff&%ﬁ%f‘ c{'oe'lﬂglcead" %nt‘\ﬁli gg 8(1fftr\ﬂdteh ARF s
corr espb®|d| sgpacatbnal teen g Welldadrdtol @ dealleangdl Aeaderhipdfatiess,off N turn,
wel ded to thescagsg). Exanples of double layer capacitors made using

al umi num i npr egnat éd car bon cloth el ectrodes are shown in U S. Patent No.
5,621,607, issued AprFIG1518 1097 AP [410$ S0s PEREORRANGE eBOUSL EEHEAYER

CAPACI TORS BQAWLAR EL di
ot ol and L hE LS, ReTont Nor B Al oo T RL g EEF g O pgo bt o

ALUM NUM CARBBRN CBVPREY 9 ER R arkorte RNt T b EER- M&l@l NCEE Y by

- Far ahmapsli , s@tondl . alaninkh SimpPe i Sedd @hrSesh ak188hNe1 LR FBadd | ed
July 16, 1996, for Q/ETg%Sof MAKI NG A HI GH PERFORMANCE UL TRACAPACI TOR, by

Far ahmandi , O¥¢T aP°*t PARTriOTRS SSUBDTBIBT /i 88ded FARRIY 19, 1999,
W O 01/ 13388urrdft c&ltésoar Adlrded £\RAAR 200dr one side and half way

over another side of the second aluminum impregnated
carbon éloth electrode;

20 ' FIG. 19 is a top cross-sectional view of the
current collector'foil, aluminum impregnated carbon éloth
electrode, porous separator, second aluminum impregnated
carbon cloth electrode, and second current collector foil
of FIG. 18 folded over toward the other side, i.e., the

25 "one-half side", of the second current collector foil;

FIG. 20 is a side view of the current collector
foil, aluminum impregnated carbon cloth electrode, pdrous
separator, second aluminum iv@regnated carbon cloth
electrode, and second current collector foil having been

30 folded over as in FIG. 19;

FIG. 21A is a side view of the current
collector foil, aluminum impregnated carbon cloth
electrode, porous separator, second aluminum impreghated
carbon cloth electrode, and second current collector foil

35 having been folded over as in FIG. 19 and further having
been inserted into a case (or can), with the header being
welded to the case and fill hole in the header having



for MILTI - ELECTRODE DOUBLE- LAYER CAPACI TOR HAVI NG SI NGLE ELECTROLYTE SEAL
ANC ALY\ Nulds$sVPREGNATED CARBON CLOTH ELECTRODES, by FarBrHHM2%4%¢t al . ;
and MULTI - ELECTRODE DOUBLE- LAYER CAPACI TOR HAVI NG SI NGLE ELECTROEYBB)HEAL
AND 5 ALUM NUM | MPREGNATED CARBON CLOTH ELECTRODES, by Faratimandi, et al,
filed currently herewith, all of whigchyare incorporated herein by
reference. The al um num i npregnated carbon cloth electrodes 12, 14 are
sufficiently,_ porou d peef er ' e v tiid CAd epér abUALENE of

i mpr egnat ed ]\'?\%)?rllli %é?%gﬁcggggn% g}lgol%ﬁhéfugcﬁmt hat_ an éequ' val ent ,seri

ri.es
resi stance otheachsel azer 6dd efghamd sty e ¥t Bt SOHRELCD. ;’:‘»-53?639& t cell

i s about 1. 5t§2%ﬁg12cgrsel oy tHe £appaidrpace of each al um num
i npregnated car

on cloth (or__carbon paper) .t5 elegtro ce 14k
approxi mately 29 F/ g OIFI&'eétleBr.l%Lﬁ:kacg‘? gvelec"ép%}ti?cl?a%cesFé-ggg ig\%gﬁl 8f due
to the | agge¢Rur tapacarea nmdemayhy | sidben tim ok thbA usavandcarbBRscl ot h

(or carbon paper) . and.,a very snall_separation di stance between capacitor
| ayers. 20 N&E@%Feahé‘n&q e%}farrlrﬁaa%edi/ant ages of the present double Iaxgr
m

capacitor result from tHIS pragf ers ean nendodsewfof abre ca@FRgCEhEISFunt
| npr egnat ed %ﬁﬁb%ach%‘%ﬁrﬁ Gl diPAESa 1€a W feht fke PRELGEFCdnEEEROdbaflL

connecting t current collector plates 22, 24, and the use of a high 25
per for mance beeringl pnsl Herh DIV etBRpetiBPBf the invention are

di scussegyin further deimid. bel avna' 24satédeat fibedhabbvef tsepsl umi ni um (or
ot her high conductivity material) | egnat ed, car ot l.ectrodes 12,
14 are pref etEBVEIS&Fe ¥ RS ’b@%‘btggéb &aPboh %Iggﬁb%rge Ic% rrsre.(car bon fi ber
cloth) or .cahpakiRareroPrEi®r ns {naaboordéiahee papbr thehegthaskimentpodgnat ed
Wi th nolten Ii%%id ord:\@gé)lorize??{retal, preferably alum num titanium or

|

copper. In addSiot4 F¥Hh ffber cloth and carbon fiber paper, the
al uni num 35 i npr egnat ecFTG@r baH t$oahgehpbt Ebawdng2MOLELEE® RETEIYS Oft ed

‘from anysui table AGtual afh £ay beBuLl beheBhekhahysudbsas daidaLS it Telt

or ot her “activat 17, PCT/ US00/.20a37 ' o0 Fee zao~
carbon fiber esostimends ¢HVFEGSa 3&f thepeab Bér dBeEet VRS nol ten
al um num (or e hj lcoggﬁgég_gi,}y ARt ebinpbirigd@ tot iamataty the

el ectrol yte solution. The alum numis volunetrically,inpre

into the towhsrmatdgaklyi #eatedi B@Pbﬁﬁn&Pé!?rof:aé’&?y‘\?é’t@gé‘agg’%‘g%’ﬁf‘ﬁlg‘}lg
within) for exaEHsoddp gaabon fiber cloth, as explained nore fully bel ow
The result of inpregnat t al um num i_nt { . Hotndd ber
bundl es i a |ow | atera £%0r9?réﬁ5\7ets§§) o:}egir;artg’z‘r?c%\ﬁlogjlir{c{]ﬁ?ﬁ% pat%

bet ween t he amfdnd ash canbondéhetentaxiw Mensushd icw [sah F0 KRPSE1I$EH and the

current collector plat ] Lti.Qn, fﬁi'q’.e : UM das SaskSe 661 &t ance
bet ween the &tt1¥ated %%nggtgﬂgﬁeﬁ?‘g t tl?é;lgs?arre time,, Wt het h‘ﬁEgar bon

fiber cloth imgnegrneticardynseadeceidpubyecd@vsy, AR Phe 387" TF e not

saturated or @é?@éfgan%t hnal $8NYRt et 18 A88 I taRdaMs £ g ahetmetidahly| ot h
el ectrode al so i.ci

emal ns sufficientl orQus -so that the e LC
sol uti on,2rese2 bed yAdauRéR- &Géf&é‘ugaapaé‘c’ttr‘:iﬁ I & utfr}f%n%‘ﬁgéé?%ééhl ?/f
infiltrates theePores thZouah he activated carbon fibers.
Corresponding reference characters indicate
corresponding components throughout che several views of

the drawings.

30 Detailed Description of the Invention |
The following description of the presently

contemplated best mode of practicing the invention is not
to be taken in a limiting sense, but is made merely for
the purpose of describing the general principles of the

35 invention. The scope of the invention should be
determined with reference to the claims.



The fabrication process for the alum numinpregnated carbon cloth

el ectrodes 12, 14 of the double | ayer capacitor to sta he

f abr WO the carbon fiber cloth or carbon fiber %%%E%%T]‘ﬁté carbon 25
fiber cloth or carbon fiber, paper is typically a manufacturgq Pepeygsor
cloth preformof high surface area-aagi vated carbon fibers. The preferred -
carbon fiber preformis a carbon fiber cloth. The carbon fiber :loth is
preferably a comercirdferavagl abl BIGat poa $ibgleckedl, 3bighi ch uses woven

carbon fi ber ndl es nma o] b § a rface
area no :e%§ ﬁgﬁ“alrg:o r’r@?ugg%di??%%cgﬁggleago%ﬁgqulﬁsggggggoooslrJrQ/g and

havi ng a dimcdterirgf appebki aasel ¥18-aopaérm ofhaluaipon AMpERIBREER
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can be % aji ebeednV YeRt2¢ hedr BELF r 8feRPEr6PTt FR YoPr#5388%¢ PE

PCT/ US00/ 29737 anla "eréa@t 286a1apphiisabsonzen \(\brclneurmmlssedxteagandl ess of

whet her carbon fiber cloth on_fibe or .gn I e i on of

the car bonf¥PBerthg ot¥F hehh ﬁBﬁ?EﬁtHEtgﬁag gcéz 23|3#?§P ﬁr?ﬁ%a%?%kr or
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" spraying) techniqu as_describ full r rayl | ten
metal ontoP Fﬁ@%ﬁhf%ﬁe a?rgycgrﬁgﬁg??§8/3%|ée?ghgg S?gSFggs?Xb@gggﬂused in

doubl e1b aygnpeapacated canbbnucllcth aseatwedrs fi@r fdrming a current

col l ector 10 at the syiLage.efche cgehan ctiban cketdacelhiss, rgg.dafiniti on.

i nvol ves depositing subst an erneabl e | ayer of nmetal onto
t he surfaceSoPIKHelééﬁbﬁﬁrfPBéPS@FGFﬁ°na§U6§ﬁ§§§d o RERFEEGS&t i ng the

carbon fi bSEﬁ,%leOé V‘iﬁpa%lio@tﬁlﬁn%lér ezyreﬁ mzﬁlet @Ii'e@éﬁ'ﬂ:l telacﬁn,ngfs.o 10l urred15

i mpregnate.the ca r cl.ot t sp s t,0 reduce
cont act reé#é%ﬁﬂﬁ%aﬁﬁ?mbﬁﬁ°Fhé“a?g£$atég ?&F q%pE ?hg cgrbon fiber
‘cloth asd baterRefh tbecantEpahad1qanbdmstkb&nmgam@nﬁw;uiﬂn%ﬁﬂaﬁwNQSector

pl ates 22, here form ry I eSiy gqﬂg&

conposite B%eé?y%d% ﬁéﬁgg ghsgh§8t%' Ig*%a%%on f1ber cI (mh?ﬁh I's made
of actlvatedauﬁﬁmmalaaduuhelemmﬁegnaterWBpﬂlarﬂu;nﬁﬁrﬁﬁkay t echni que is
contr ol | edLQ ARNGE8! SohBLAGRE £RLR0B.A B Hioidy By danf praatrr o 26

fully bel oW> he by adjusting el ectrical current and
gas jet stktemgttinasa EBEA&y t}rﬁ’l @nd dipdlduiste afid D ratRFe &f @he nolten

al um n R?qlg CpPoRTER cTOIRY Whiel aaMRrie dddger cloth,
‘sweep ?gleﬂgﬁ étg?lheun?kééand t he anble:i ml£41?;§? uring the

sprayi ng pFa&&an fléer Eheth SheSt T oSBT UL CR he carbon fi ber
cloth in ajdilnectieniagay hagwfae iy giidess .ot the tdmukslad ajierct i on

dr amt 1 cal EPEAERERE Thet ar PrSR Iy it i et % DG MEANE 2 T bon
fiber clothnd thIalugSnamd 25 iprocdming expisinerieabevkdenthetdiient
COllecagrvlong life aspects of the present teachings.

Referring back to FIG. 1, The aluminum
impregnated carbon cloth electrodes 12, 14 are preferably
formed { Tom a porous carbon fiber cloth (caibon cloth
preform) or, alternatively, carbon paper preform, which

30 is impregnated with molten metal, e.g., aluminum,
titanium, or copper, or vaporized molten metal, e.g.,
aluminum, titanium, or copper.

The porosity of the aluminum impregnated carbon
cloth electrodes 12, 14 is closely controlled during the

35 impregnation of the metal into the carbon fiber cloth to
maintain a high surface area to volume ration permitting
a sufficient amount of the electrolyte 20 to be



WD 01/13388 - 19 PCT/US00/20~37 ~ 0 FB 294 foils 22, 24 and the al um num
i mpr egiepdgiedaszar bon cloth el ectrodes 12, 14. Turning t oPEI/GS00204E schemati c
representation is shown of a double |ayer capacitor 60. The dpqpkgsﬁghayer
capacitor 60 includes the alum num'inpregnated carbon cloth el’'ectrodes 62,
64 electrically separated by the pofgus separator 66. The al um num

| npregnated carbon cloth el ectrodes 62, 64, as explained in nore detai

el sewhere hg¥iducé@Phtsetherl @bableelayaensepdritdP comamessiid e, weave of
activated carbon |ber§, i n cg;b n flberégﬁn | es f0én1n%.3%carq€n ﬁlber
cloth, in R¥FWFehafol FRNPSRERT AL BRI DN Fipr ERRRPRd T ddisTy S exanpl e,
an arc sprepuprmeesfizAngi the ohtéhfacaidlnawea i (pueaeeedrem)bon |5 cloth
el ectrodes, 62 is ip _contact witk curre 0, t at [ch plate
61 s T ofeeSmnsn ol  iEtalh fubr FAE, COPEH' PhoRhD i ges

capaci tr #®0d tien edebyrolwseot her al um numinpregnated carbon cloth

el ectrode 64 is in CEQEHCEg""‘tBE BPL YR Mié@ﬁof%i%?k@r 240 plates 72,

which plate 72 is connected_to a second, term nal the capacitor 60. A
regi on bet SARFLE he2 AL¥nFRURLPApr ERFRETH ¥t bontel PR Bfedfi®des 62, 64, as
wel | as aldi@hihlne @wprbghheedpasesomnsl v dsletthbaekha 23] wd.num

i t b I | ect 64, i 5 filLl i_th g .highl
conduct | ve FRETaRLEes tBPCERFbRDE coRbl 4R T Sh PERERP BPectroldRie WOHAL i on
76). The ibagerd oficadbmdihnol foélsobmts iomi V&r ackeifr sheed pasgh t hr ough pores

or holes 6 o] ator 66; while, at the sane tine, the porous
separ at or %kﬁ%ﬁ%@gﬁggptﬁétéﬁggﬁ'3o al um num i npregnated carbon cloth

el ectrode 62 from ph¥Becppkrpusoneparatey bhdiseptacetedbertivedr ythlsdorti ng
with, the QImIn@ﬁV%EgEgthEEQEQgﬁg? c& bog &*QEQrS{ﬂEEt nede 68 fepreferred
porous separator, is madé using, 35 for exanple, polypropylene.

Pol ypr opy| Eh® FREFBHEsCRAECEPENPRYESha?? ng? Hi RBABPORY ieT tatk a¥r of

0.04. 1y Ordem€Ne PBESuSi 2epReheoP! BYENtBhé NBoRbLEY Bepd rGidom di bers WO
01/ 1338R - 20 g%gﬁlJSO /22%5 F 2004 of the car or fiber cloth,

710,
whi ch_havePSSEREABEE: TSt REOB Achi@FLE HEF Ot MAF Bk Adk Sk HS3h t he
pores, butaslamwsleobrondur desulbhtow bétwegh the atuadinuseparator 66.
ol yor hyi obBEasnf 8P, 2a3EBR, Fa8En, S1EBR et CFacr R M5 B h et er or
| ess, therazblows sblpidvenmmnugichbiant i ard eiin cpabbhchilbar,s,idmdd ng a m ni mum
di anetgy oyl ﬂeemg&hga LRE" 5406 Qe puPLEE S| @fPwWi ng ionic
current to ow t hrough the porous -
purpose of the porous separator 18 is to assure that the
aluminum impregnated carbon electrodes 12, 14 are never
mechanically in direct contact with one another. Such
contact between electrodes would result in a short
25 circuit (i.e., electronic current, as opposed to ionic
current) between the electrodes and thus rapid depletion
of charges stored in the aluminum impregnated carbo:x
cloth electrodes 12, 14 and a subsequent inability to
store charge in the aluminum impregnated carbon cloth
30 electrodes 12, 14. The porous nature of the porous
separator 18, however, allows movement of ions (ionic
current) in the electrolyte 20 between the aluminum
impregnated carbon cloth electrodes 12, 14, and thus, in
other words, ionic current to flow in the electrolyte
35 between the electrodes 12, 14. The preferred porous
' separator 18 is a porous polypropylene-based or

polyethylene-based sheet approximately 1 mil (0.001



10 ~ separator I n operation, when an electrical potential is applied
acroszvé tﬁ%ﬁlna|s 70 and 74 of the double |ayer capaC|t0 and hence

acr oss¥® A1 m num i npregnat ed carbon ¢ loth el ectrod8§T A7300/20437

pol arized 15 liquid layer forms within the electrolyte sol utid UT%Ba?méach
of the alum numinpregnated el ectradgs 62, 64 inmmersed in the electrolyte
solution 76. It is these polarized liquid |layers that store electrostatic
energy and fimutteson tasictihe dmubbelkaﬁertﬁapg&h@@ﬁnsﬁyfbnetbﬁi 20 function
as two capa |t ser | Nbre icul arl, as conceptual |y depicted
in FIG 2 b %hylﬁﬂﬁi éa%r@yﬁﬂop %SpFBégﬁl%ﬁytﬁﬁﬁ $ C%PlEéF charge at
t he el ect ro@é—e@lte‘alry(th/tw ipriienf &oe m’seeamhgalmmhuﬂweémr‘exgéaaedm@aﬁﬂon
cloth el ectr S lectr | ution 76), when
a vol tage |sq§bp |e§e§€f%§gEﬁhgq§%H eﬁgﬁf%ﬁgfggﬁéte tard %ﬁhEnghs h

el ectrodés @231§93N4W$ isymel rrauiredt alunlnun1|npregnated carbon cloth

el ectrode 62 is chargeagehesiskl Y& mhebapbvenl,0 npr egnat ed
carbon cloth electr?Fe 64, ; 30 doubl e | ng kk%% ormed. %l %%H#H%glly

|
depi cted by Y578 i ﬂP“blﬁa}é¥§rsﬁSRﬁCFH°FFG. @)HﬁFﬁqﬁrﬁ%thPEanon of
t he eIectrobmm&a@dhgnl@mlmqnandbetbe ﬁbﬂreﬁtaeﬂﬁwah<EleEEﬁe&h§ applled

e S e T Rledand had iR AEPReE; 8 L TLa LI ARG A e D s um

el ectrol yte SoIuti cdl 6§*8ve

i npr egnaed P@EsEdroxiodt ¢ lekscrdedesndla GdldﬁhlsledmhdﬂéABBﬂﬁ a "can

PCT/ US00/ 2013% crohed ) FE 52004 11 n ip_the
capacit or 60 according ‘tothe Foll oaﬁﬂgkgébé?%%%sﬁﬁég{%%?Eggéﬁge Q?

5 E = Cv~/ 2FE8P -widr & °N§htﬁ8°eapa0|tance ke is the effective dlelectrlc

const ant of t he- doubl gpl ayQer L$nibe sfBa i tween the
| ayers, éiug§&5ﬁrface areg o? ?ﬁe g un1nun1ngF%ﬂﬁ§g§éqg gﬁ cloth

electrodes RYET163PacitiEr dRd +h %ﬁeaélééWFmﬁﬁgQP%%lﬁ©lon Vis the
“vol t agelspphiedmdeeothet keightdnbputhénpasgnaied carbon cloth electrodes 62,
64, and E is the energ% gor d.in ;he doubl e Iaﬁer capaci tor In the
present enbodi nent of "t bFB“P §el 2Y8T cGRRAFLGOT rﬁ?%éﬁé?bf?bﬁy

di stance d expectedaltb whéghlnotsmuEaSUhed b8 pegelerumf Whé eddbliBlesur f ace
area A, i.e: e a r gram of electrode material, may be
very | arge. lﬁg%?ecégéEQQSr EHE% $§n1Eq (1), when d is very snall and A
is very large, the caﬁééltaﬁménﬁbswﬂ$} b2 ebtyndaﬁg@m the1¢¢mm¢mésent

enbodi neot , bme gubtapeade8az3A' 24 s u f gt p of the
alunlnunll : eate ga?bon czot%heF%€§§%%2§ﬁ%ZEgg% agh $§¥%e al um num
|npregnated PEt ROBNEEEiBACY1ED aBsebectEApRils &l nEwkvenot car bon

fi ber bundl ehoimom ngnaacpEbesrfbBesost 0fliraERSR , Calaon Hider bundie is
made up of HEleﬁBLﬁX%tegngaEQOQhL'gurrent collector plates is
electrically coupled to the case 11, with the
25 corresponding terminal being welded to a header plate
(which is, in turn, welded to the case).
Examples of double layer capacitors made using
aluminum impregnated carbon ¢ .oth electrodes are shown il
U.S. Patent No. 5,621,607, issued April 15, 1997 f6r HIGH
30 PERFORMANCE DOUBLE-LAYER CAPACITORS INCLUDING ALUMINUM
CARBON COMPOSITE ELECTRODES, by Farahmandi, et al., and
in U.s. Patent No. 5,777,428, issued July 7, 1998, for
ALUMINUM-CARBON COMPOSITE ELECTRODE AND METHOD FOR MAKING
SAME, by Farahmandi, et al., and U.S. Application Serial
35 No. 08/686,580, filed July 16, 1996, for METHOD OF MAKING
' A HIGH-PERFORMANCE ULTRACAPACITOR, by Farahmandi, et al.,
and U.S. Patent No. 5,862,035, issued January 19, 1999,



Referring to FIG 3, a conceptual illustration is shown of an extrenely

cl ose wp oyiiggg of a small section 30 of single activat edpepybemofisber ?6. As
can be seen, each individual activated carbon fiber ?6 is pitted] OWEB 2004
nunerous pits holes and pores 80, as is conceptually illustrated. The

i ndi vidual activated carbon fiber 80,;as_previously indicated, typically
has a dianeter on the 35 order of 8- 10 Vim while the pits, hoI es and pores

80 of \é\om/ RABHr - EQECTRGHEUM{UB&QJL%?{QR OcﬂEch ﬁp@éb t 111411{\?10 dét.i’rkéjbf" "
activate a | size of abou angstrons en

t he actlva&gﬁ%#oﬁfé %gf‘tﬂ é“%l ﬁ%ﬁ@@% THPRECNATER r ARBN SHQRH on 76.
each pit OEURITRATES| ghyf Faaahinaridicr easesl | hearsdniaoer B EectrRadE t he
activated f I 76..  Because
there are golti%rl'é rﬂﬂ%}&&é?ﬁ%@ﬁ; vat@%ﬁﬁ#%r@%#@gﬁkﬁ%%&“%undl e,
and becaﬁjsé\mwhﬁﬁéNwEmmw mnowm Emmpfby he carbon
fiber. 10 reg4ll S [ regnat ed

car bon cl o?ﬁ%@&%ﬁhe é?r%ét urfzilt at aI | ows &{he eel ect!f“nol rs?(;lvﬁﬁ%h to
penetrat e &t iNFeTRATREEH" higa eddy hyn Hefrwendeth, into the bundl es of the

weave, and into the hmheswnduwne&n@rédwaﬁ&ﬂldfal% écddyated 15 carbon
fibers of t ercg: e§ ElJgundl es, Sq as to contact all, or nost all, of
h

the surfacé& 8T ¢ RALEF 1 iROAQYS i b RisfERaklsur f ace

area " AD othatviee aelsacttfna:leenteahnim:.cimnt fi@pifudﬂaﬂteldimtmfn otes geckveH ecul es
bl e carbon cl oth kno in_the art

is fornmed a I

may be use(ﬁto 24 U%Bn%r%"ﬁlnﬁﬁ ated & FHF T WRIERIYedes 62, 64
(FIG 2) ofeltenetrmckesevneenbsednerftor Ehxamgi laetiar a for3exaplalt dellhe

acti vated r r f .such..c h i vated_c rbon
Fbero 76 AIpeBBUC DS @ oRUCOrLELD,  SHANLRS EABaET Ao TEaRR "

wher eas t hélopdnam %W%?(‘Bl’éé‘s}eéf qaﬁ@%’ar@m‘tﬁlm aadxhdn ipapsout 0. 53

-m i mewers e(l&'&);ro'ﬁw ryerageid gwr%rnq,fatteﬁg, Y ? d bt rberéaacgébxvat ed carbon

fibers is and the 30 poreé/void volune iIs out 1.2 m/g

st roms
It should %é‘nﬁoﬁ a‘ia%%iﬁar\&/ev&.sdw&wm@smes %9 dhe Hrazgedi f f er ent
types of veutface pares madéheavaliQiable( thAARHPARS We it cdrbdhe

that cover SREEt 3% KGRI PREBET apB Gr B SRLA RERRSREIaL od car bon
fibers), ( disthpcepdetweemeecapakd tact ilagteads. carbon fibers that . forma
carbongpi ber bundl e (WU ¢N,EPRAR: 2t REnRYS Ionsa%s\lantages ofmi'./hle:g?iasrsesent
double layer capacitor result from the preferred methods
of fabricating the aluminum impregnated carbon cloth
electrodes 12,'14, the preferred method of connecting the
current collector plates 22, 24, and the use of a high
25 performance electrolyte. Each of these aspects of the
invention are discussed in further detail below.
As identified above, the a‘uminum (or other
high conductivity material) impregnavied carbon cloth
electrodes 12, 14 are preferably made from a porous
30 carbon cloth preforms (carbon fiber cloth) or carbon
paper preforms (carbon fiber paper) which are impregnated
with molten liquid or vaporized metal, preferébly
aluminum, titanium, or copper. In addition to carbon
fiber cloth and carbon fiber paper, the aluminum.
35 impregnated carbon cloth electrodes 12, 14 can be
fabricated from any suitable activated carbon fiber
material such as carbon fiber felt or other activated .



- 23 PCT/US00/20-t37 1 0 FEB 2004 the present invention, when viewed in a
cross section, such as in FIG 5, is referred to as the "tow' of the carbon
fi bewhonts3ed ; and (3) the voids between the carbon fibervswndises that are
woven to formthe carbon 5 fiber cloth. Such pore/void volume {€@sSBEB N an
overal | surface area of the carbon fjber cloth of about 2500 nR/g. Because"
of the pare/void volune of the carbor 1 ber cl oth, 'the carbon fiber cloth

not only i r rea, t S son; at. spon and therefore is
10 conpr ers:ég\alls’:ok?aoe’;I %ngetﬁglg%ggs‘_;‘tshg%é'll&gh 3 é%%ﬁ?’ﬁg g%’é?lflﬁ’ 28°g/ e |
resul ting dereive hebeempdfenepflaptinug doga/afidr ol glmecéndect vei tly vol une)

of about o WGt Lea/ uRit - L0 8:Lhus possible
{see Eq. ?%%é%&gjchla}ell\éeUéggggfggﬁgetg‘%o%&t%cg%l A o%ékufﬁéﬁi .15 Achi evi ng
a hi gh capacitance, Bbfegérningmodisy viedimedfr idd kilvimpreanated hdepp esent

- enbodi nentindd ewehtbigBrCRRBCHNANGR duB 1t ¢ PR OfHREEE COE NSEI VAL &8

capacitor, the .capacitor nust be able to store and discharge energy in a

rel ativel WYaRR¥k t1RETFeFiERIM . £OF syampleysithne GAFROR of pREF orm as a

?aF?Ci Lolr .cl'Ehfh,Ch@.{'.gékﬂﬂadhaﬁﬂﬁxo&‘iemuQﬁ.lyab@aw.i torhe?xseﬂu@%ﬁed nor e .
ully belaw) s governed, by e.intern resi stance. of, the capacitor. The

| ower the Ji"lﬁreer%’g?t%ggi ngnE }lmtlﬁélmsﬁf)‘?‘f’elt%teh h e RE STREPIR tine. 25 .

Ref erri ng ffigheza ondhest dsFRGLoE, llaheria_lit dlorraltrraem‘se_bm)e pésimeaxd@eub! e

| ayer 1GAPAGl AN 0 tn! BELRLEACRL CARAVIRAL ATRP Sl NiRnfy | S

made up of several® conponents as illustrated in the equrvalent Ccrrcuit

di agr am ofthehecarr@nefLReEr céaphcrngr the showen3ocaklecepr phetésit er nal

resi stance pfadder foub! %hEaXQGm(iﬁBﬁPid%@%e@@._éé“@é&%t@n&@”ﬁéﬁe%ﬁsi st ance,

R~, which represepts all of the resistance in the current path between the
capaci t or % AGEt VaBetdpCaEPPRe edRTRNESM i AYSr SdiRatRPe ok bR, c¥ bEM el ect r ode
Gﬁ (represmy euhmoﬁSfEb& 21aght Eﬁ\glﬂ'l&%@t@dﬂ,t e rs:@@a:@éwinl)i or all}I of
the resistange in t current pat et ween t capacitor termn 74 an

t he aﬁf’i‘m ik %%re%ﬂgt 8§ {ég?bﬁ ne| SiRe DRG &ﬁ%é 9% eREFFRIE00/ 20. 137 9
0 FE8 200 wdltdctalogreibum(r threadnnédupn iRbGeghated heatborrcpbehe of

capaci tor f e I rnal J IS O 0, e | ayer
capaci t or egogcaﬁrsdgé? n%ll[%gegeggggFegptrfgégqgngtg‘g ?T ance. %% @ﬁag\hﬁ%

repr esent €lEegEnekysiangelurinhn prefarabilyud ingr-cuymeeeds car bon cl ot h

el ect 1 ode g diyio W4 1 NsbigrabHIT BUBLLIBNAGNAAS ArbOl, oLl Npglegt rode 64)

bet ween col | ector plate/carbon fiber cl6th ace at ace of the
car bo % i B€r thetaruivated gakborhéibersl-umi num i npregnated carbon cl oth

el ectrode and all ofrhberhpdivadyah debbvakedzarnn {1Rgsupsed within the
carbon fiher cloth, i..e.,. REL represents the internal contact resjstance
bet ween tﬁg‘pé_cetq%?%%i caFBsh Fﬁ‘BgF’s e&FFﬁFr‘?dﬁ‘?e A unhu?t i Wp? egPEPER car bon
cloth el ediayede d¥pa¢dtéor 104 sharmtsheiahhehealfabmimat g egnatied car bon
cloth el echiis GipeAdghbEANGL! La BB elagllolre SOl ubhonaL egigt ance, RES,

exists relative to t ectrolytic sol ufion and a separ
resi s@nc& 1oERClekhsps earhenyéibert pepear dufs tetplealby 6. 20 Any energy

stored w ihinuddwrepell gapayebrcanath! predriids Wi &;T%éé %P@adoub' e
f at

| ayer capaci.t.or 60 b%?ya)égog‘an el ectrical current t ows through R-~,

RED, and RESSfatRR p LREFBum TREr BFsdiedF ahrerrben of hber ect r odes 62,
through Rypefefcaaml 1&raughrBER. fiber cloth. The carbon fiber :loth

is preferably a commercially available carbon fiber cloth

30 which uses woven carbon fiber bundles made up of
activated carbon fibers having a surface area no less
than 100 m’/g and typically approximately S00 to 3000 m’/g
and having a diameter of approximately 8-10 um. The
carbon fiber cloth typically has more structural

35 stability than carbon fiber paper. The surface area and
other dimensions of the activated carbon fibers, -however,
can be tailored to meet the requirements of the
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and the impregnated metal.
The arc spray technlque is controlled to

penetrate into the carbon fiber cloth as described more

25 fully below. Control is accomplished by adju;ting
electrical current and gas jet strength to a spray unit,
temperature and pressure of the molten aluminum, distance
of the plasma spray unit from the carbon fiber cloth,
sweep rate of the spray unit, and the ambient airflow

30 during the spraying process, i.e., the flow of .exhaust
air through the carbon fiber cloth in a direction awvay
from the spray unit (i.e., in the same direction as the
spray). Advantageously, the bulk resistivity of the
carbon cloth is dramatically reduced when arc spraying is

35 used to impregnate the carbon fiber cloth with aluminum,
as is contact resistance between the current collector



- 26 PCTIUS00/20.137 1 0 FE8 200 ELECTROLYTE SEAL AND ALUM NUM | MPREGNATED
CARBON CLOTH ELECTRODES, by Farahmandi, et al., filed 10/07/94. The use of
non- agueouUs3g§or gani c) el ectrol yte sol utions, however, POBES@/XWH3hi fi cant
probl em addressed 5 herein below, of |eakage, particularly ig ﬁ%lﬁé

devi ces, where any extrenely small |eak rates are tol erable. rqem ically,-
unl i ke an aqueous el ectrol yte sol ut+ar® desi gns, where a primry concern is

| eakage of the electrolyte out of the capacitor case, in non-aqueous 10

el ectrol yt efedllst i2en dsigms,the g:lgmmu@amnppueama@md wahared Igtknown
prior appr Oéigﬁ%ro'd%st Qazt of4 | eakage of contam nants, nanely water and air,

into the capacitor case. ‘Over time, |eakage of contam nants into, the
capacitor case will dENENY He it -adueBuS BBt RePTESYHtafk 1 om,

: owErl ng ca}ggcgmﬂg\ebloqf 4 hgmg@mclgﬁrr g@@arcﬁlt@rﬂgol Nt EI’H?McELﬂSllét ancle Thi s
eakage is | ess proble tlc i_gher, vol une_ e ctro yte
sol ut i onSdedP¥EE) Oﬁé’@éggé’ ‘gl ‘?/]g’ﬁ{etsi %\\é i‘l”gn &n\/elrpl?ré%qparta?"g
cont am nat edaglpest radlotre sbémtrcnﬂesatwamugle\lemummmy Isemamsatedltlaya | ower
per cent age t he .t ot al f 1 echrol ut;i I Vi ces
~ (I ower vol ugré S PEGT 6 % ég) lu%'e ﬁoonéede\%ces}ﬁg‘ucﬂ%k“as sc‘#ﬁ%ééd@1 égﬁbgﬁ

ref erence tclEIt@SelPZ'rmbdMV@/eréht s @@@tlarhn%}t dan 2®%e cdetailte sol ution
constitutes 3 RigNee MICEM ag@o,pgnt;ée at Q.reqlat\iq,leq@e dEnet qu‘g@I yte

sol ution, af the given tinme, wt given leak rate.,. Thu as descri bed

bel ow, A0si gﬁﬂmr(%ﬁlqiémf‘t’?a‘é? ﬁﬁﬁﬂtmﬁaﬁ?%gk}?%%nt“énﬁﬁﬁp%nt is
the 30 enpl gymit Hifn@.é?rf@imi?ﬁé Ia/ @Qdﬂcﬁ“d fa3ee (Q1e3tai pafh eto behbghdef i ned
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non- aqueous a@l eGid Apttsy spfu&e@sm, doubl e | ayer capacitor 35 designs are,

for the first time of ,whj heI vent nuf act uri ng
-and assenbly techniqu #Jhxéf a%?n eve a melrrﬁ{e |ﬁ§¥§?sea edgggsyﬁg are WO

011 133885- 21otRCHE 1eS0Q @i &EB6 200! i'rhe:CtrU:mQj: ofitthura rewrEeBEussi on bel ow.
FIGS. 25 and, %Qés‘%ﬂzﬁtﬂdféﬁ?tg‘?adgﬁ GRS ids B figf "ReER EBﬁﬁé&E@Hl stics

bet ween si mlar acitors, one with a her rretlc seal and

on without #ocher rfdiyst sfe%ﬂ'mlga]:u?(? Hé? e d°&§°](fe§(?r¥%d°%8?6%°ﬁ
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g B L.
will exper|amumlnumnzmpmﬂgheakagearbatdemhrni¢n#rm§¢é 6éal 64, as
well as all of the available spaces and voids within the
aluminum impregnated carbon cloth electrodes 62, 64, is
25 filled with a highly conductive non-aqueous electrolyte
solution 76 (or electrolyte solution 76). The ions of
the electrolyte solution 76 are free to pass through
pores or holes 65 of the porous separator 66; while, at
the same time, the porous separator 66 prevents the first
30 aluminunm impregnated carbon cloth electrode 62 from
physically contacting, and hence electrically shorting
with, the other aluminum impregnated carbon cloth
electrode 64.
A preferred porous separator, is made using,
35 for example, polypropylene. Polypropylene includes pore
openings having dimensions on the order of 0.04 by 0.12
um. This size pore prevents the activated carbon fibers



15 and the solderable termnal. The specific types of solderable term nals
are discussed with reference to the enbodinent in FIGS. 12 through 24.

Anot heyo 8i/@3ed i cant advant age of the present embodi menteCTbsw/204837i npor t ant
to achieving, in a 20 practical way, very |arge capacitance doybhergmyp
capacitors, is lowinternal resistance. Generally, the contact resistance
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defi ned above), represent a significant source of internal resistance of 25
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whi ch ajgar i gel@r1dpeti p8rRE LHeNIAD K réMbctraYote Beflora dassd ngeinto
the el ectrol gte (as, 1onic current). Typically, curreat entering and exiting
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great er pat ance ectrol y e solution a greater
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el ectrol yt es?ﬂb&ié%‘ré{:i@éeh%‘ih@g EH@Véiéét:?Qchlr EHQngh%@'EHé e thickness
of the carbon cloth, apd.thus has a | esser el ectrol ytg sol ut'i on resi stance

RES FIG 7 SéﬁFEFEd§cﬂéﬁﬁFF8&VW tHE e RtRTE eOf e PALNO AN ! wveen REL and
R- through ampeeyratear ehrBbnciclaitii épettgode” tndderis Simmextsed Dn -whi ch

the rungs: the PReCRERRLERNERILRH 078 O VRBRD G Ten Bluslid o L, 2T
forn1one '| egross the aAddnénumaridnpregnated carbon cloth electrodes
62, 64, e.g., when the first aluminum impregnated carbon
cloth electrode 62 is charged positive relative to the
other aluminum impregnated carbon cloth electrode 64, a
30 double layer is formed (symbolically depicted by the two
"+/-" layers shown in FIG. 2) by the polarization of the
electrolyte solution ions due to charge separation under
the applied electric field and also due to dipole
orientation and alignment of electrolyte solution
- 35 molecules over the entire surface of the aluminum
impregnated carbon cloth electrodes 62, 64. This
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el ect olution resistances form another "leg" of der. The
contag?h%ég?étance is coupled to one end of the one Ieﬁgpgﬁﬁf%ﬁ%hiﬁagrator
urrent

resistance is coupled to another. end of the other leg, 5 su
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the el ectrode resistances and at |ea¢l Bne of the el ectrolyte sol ution
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i.e., the testheéanotlolingheedlagtitardhiips sol ution resistances. .FIG 7
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exiting the carbon fiber cloth relatively near to the current collector 15
foil/carbon fiber cloth i & & kadéd and traveling a. relatively gredter

di st ance tﬁﬁ@ugh the electrolyte solution, a second portion of current
taking path "B" entering the carbon fiber cloth at the current collector
foil/caPbon fiber 'cloth EntferdVadé and :exiting at an , 20 internedate
position, with an internedi ate di stance of travel through the electrolytic

. solution, and a third portion of current taki path "C' entering the
carbon f] BEREER ofhidt thRe CARAGHHANESR A dot df £6F FELRSETVA B Lok af t er
havi ng passedstanough the e@stuble tldydess ¥ e tdeparatibonfi ber cl ot h,

wth a rel g Lyely shocter distance af. travel throngheihe eleetrplyie
sol ution. Undérstandrng of these sources of resistance by the [hventors
remai ns siyhwhigant inpregeoiates)ceadrntcyethict igcttedes6t abtethad a | eve

that pepm {s {hReBRefBKhNGHY éié6¥?3¥§ﬂfﬁ|ébrﬂé¥%ﬁ Pragtiggl
hi gh-vol tage, low internal resistance,” sma|l size, 1ong life, double |ayer
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seen by thel6thi égeatPdliesOlis CUrgeNtadd PabsSi fige tén stere@ubhe | ayer
- capaci tor {s ng ngie han 125 m-2. wo_ ovi 33as - 30 CT/ US00/ 20~37 1 0O
FEB 2004 the double layer capacitor 60.

In the present ehbodiment of the double layer
15 capacitor, the separation distance d is so small that it
" is measured in angstroms, while the surface area A, i.e.,
the surface area "A" per gram of electrode material, may
be very large. Hence, as can be seen from Eq. (1), when
d is very small, and A is very large, the capacitance
20 will be very large.

In the present embodiment, the surface area "A"
is large because of the make-up of the aluminum
impregnated carbon cloth electrodes 62, 64. Each of the
a;uminum impregnated carbon cloth electrodes 62, 64

25 comprises a weave of carbon fiber bundles forming a
carbon fiber cloth. Each carbon fiber bundle is made up
of many activated carbon fibers.

_ Referring to FIG. 3, a conceptual illustration
is shown of an extremely close up view of a small section

30 of single activated carbon fiber 76. As can be seen,
each individual activated carbon fiber 76 is pitted with
numerous pits holes and pores 80, as is conceptually
illustrated. The individual activated carbon fiber 80,
as previously indicated, typically has a diameter on the

35 order of 8-10 um; while the pits, holes and pores 80 of



Ref erring to FIG 8, a diagramhaving a single electrode 804 with a single
currar{g 03 tor 8b2 and a single separator 808 is shown. The di agram 800
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resi stance éngi Iess el ectrodeé resi stance (REL) than a 20 charge in °
path "F", 8 * Each path generates a separate capacitance as well.
The effect ive capaC| Bamcaexsies ttHae:eswmeofa tllaer gee pamdee ofpacittiaates Cl

through CN: fﬁgﬁr rfilrt':g O7CF?I qb 9e' ff b%n%' rgel 'atﬂdeg)eca%'s le:'hezté]at
illustrates the usé o oubl & ala er cap S5 0P NSs a power source to
del i ver em¥gynupezougadurdles rwlli‘ﬂ‘@in QihGeMeadfe oife thepseirbon ifritkemal

resi stiances1 SERWM thig He&u1& J.'é"CJ %H&-—tﬂ%e%%rl%%tl a?ﬁ'm}tn%'ﬂlce 2 x R~

associated,wth both termnals, the alumnuminp %nat carbon cloth

el ectrode +‘e%¥§9&ﬁ&§§l sarhen clgid Cﬁietﬂté&dreolsf-trl“@ seutihgt pddiatsances 2 x

RteI a{ldd';ili’i@eSémab&;ﬁz@flyftéslsﬁ:tl&f&@ﬁﬂﬁ%(éri‘et&%ité&h{t@'t@@ Itméalwvgzp ?ﬁ
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wher eas constant™is o he cap achy c= C ( 5)
The vol tageorm‘e%etopéd,a@rog@smauloa@fvu:hes S\mfacvoa(rm /cF!T)the Vo (

1- Re/ RT) fibers, thereby dramatically increasing the surface area
"A" of the electrode over which the double layer of
charged molecules is formed.

20 By way of example, a suitable carbon cloth
known in the art may be used to make the aluminum
impregnated carbon cloth electrodes 62, 64 (FIG. 2) of
the present embodiment. The diameter, for example, of
the activated carbon fibers of such cloth, such as the

25 activated carbon fibers 76, 78 shown in FIG. 3, is on the
order of 8 microns (8x10°° m); whereas the overall
thickness of the carbon fiber cloth is about 0.53

. mi.limeters (mm). The average diameter of the pores in
' the activated carbon fibers is some 44 angstroms, and the

30 pore/void volume is about 1.2 ml/g. It should be noted
that the pore/void volume results from three different
types of voids or pores in the cloth: (1) the pores or
pits in the individual activated carbon fibers (such as
the pores 80 shown in FIG. 3 that cover most of the

35 surface area of the individual activated carbon fibers),
(2) the space between the activated carbon fibers that
form a carbon fiber bundle (which space, for purposes of



and the power delivered to the load is P =1VL = 1Vo(1l-~/RT) -
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- 15 Achieving a high capécitance, however, is only
part of the advantage of the present embodiment. If such
high capacitance is to be of practical use in a
capacitor, the capacitor must be able to store and
discharge energy in a relatively quick time period, i.e.,

20 it must be able to perform as a capacitort The .
charge/discharge time of a capacitor, as discussed more
fully below, is governed by the internal resistance of
the capacitor; The lower the internal resistance, the
shorter the chargé/discharge time.

25 . Referring for a moment to FIG. 6, the internal
resistance of the double layer capacitor 60 of the
present embodiment, as depicted in FIG. 2, is m;de up of
several c.mponents, as illustrated in the equivalent

' circuit diagram of the double layer capacitor 60 shown.

30 As seen, the internal resistance of the double layer
capacitor.GO includes a contact resistance, R., which
represents all of the resistance in the current path
between the capacitor terminal 70 up to the aluminum
impregnated carbon cloth electrode 62 (represented in

35 FIG. 2 as the upper plate of capacitor C;), or all of the
resistance in the current path between the capacitor
terminal 74 and the aluminum impregnated carbon cloth



Leakage Current 0.02 (after 72 hrs) 3J Case Style 35 40 El ectrical
Connection mllianps Stainless Steel can with header plate Two sol derabl e
pl ati num coated nol ybdenum pins attached to case. One pin' is electrically
i nsul WOE/1B¥8m t he case and the other pin is not. Elec FTUSPY Wb Mhect i on may
al so be through case surface contact. Case Dinensions 24 X 31 X0 KEB 260h |
Weight 6.5 g WO 01113388 PCT/ USO0”20~37 1 0 FEB 200 - 33 Electrol yte:

organic Inpregnate (solvent + salt). solvent: tQnitril I t:
tetraet hyl@hﬂ@hm@?téiré??%?%%?%%‘el(‘ EfCer? ?acsiﬁr 5 4f<{?5"’eer (S1060 22

gb{npfigagéypgggkgg epubl e Layer Capacitor; PC 10 At this point, a nore
doubl ¢ . | ayer bapachBofurENEE FEFar oS A8 CHE KO TRe ot ehe 107
ggeng}egédahﬁlé?hhpu$ng?ﬁesttbptBOna&abeinqﬁuﬁaaugntgﬂ%ﬁﬂt@@eructural '
OeP o s ARty 41O, oA e S28LSLAREE YD, 23 e
ref erence thesaltwiBhwchknpoegostedceazpon cloth electrode 62 (or '
within the aluminum impregnated carbon cloth electrode
64) between collector plate/carbon fiber cloth interface
at the surface of the carbon fiber cloth used to make the
10 aluminum impregnated carbon cloth electrode and all of
the individual activated carbon fibers used within the
carbon fiber cloth, i.e., Ry represents the internal '
contact resistance between the activated carbon fibers
within the aluminum ihpregnated carbon cloth electrode 62
15 .(or within the other aluminum impregnated carbon cloth
electrode 64). Additionally, an electrolyte solution
resistance, R;s, exists relative to the electrolytic
solution 76; and a sepérator resistance, Rgg, exists
relative to the porous separator 66. |
20 Any enefgy stored within the double layer
capacitor 60 must enter or exit the double layer
capacitor 60 by way of an electrical_current that flows
through R., Ry, and Ry of one of the aluminum impregnated
carbon cloth electrodes 62, through Rge, and through Rgs,
25 R;, and Ry of the other aluhinum impregnated carbon cloth
electrode 64. Thus, it is seen that in order for
practical charge/discharge times to be achieved, the
values of R, Re, Res, and Rgsp, which in combination with
the total capacitunce C or C; + C, define the time
30 constant 1. of the double layer capacitor 60, must be kept
as low as possible. '
The resistance of the separator, Rg,p, is a
function of the porosity and thickness of the separator.
A preferred separator material is polypropylene having a
35 thickness of about 0.001 inches (0.025 mm). An
alternative separator material is polyethylene, also
having a thickness of about 0.001 inches (0.025 mm).



15 and with reference also to FIGS. 10 and 11, an initial step to be
carried our in nmaking a hernetically seal ed enbodi nent of the double |ayer
capacj,to (FIG 2)~is ~to wire arc spray (also ref t pl.asma
spr aywoa&@g?ggon fiber cloth 92 (FIG 10) with nolten af%%ﬁg%or/#égﬁm so t hat
the nolten alum num 94 is inpregnated deep into the tow of t Hel £EB 284 ed ;
carbon fibers of the carbon fiber bundles woven into the carbon fiber cloth
92. The carbon fiber cloth 92 to b& $prayed is preferably a

commerci al |l y-avail abl ¢_cl oth. 25 seen in FIG 10, the carbon fiber cloth
92 is typically obtai hB8 PHTKPFBPQE@B?' ¢ F¢PHBAFLry §Bﬁ85ﬁl’§;1§bout 36
inches Wi dehad\ 4 esgablet parbosife betticlatidutd2ds408r pbredityam theerol | 96

d held i h_as_i itable f .Qr, by. ,sui t abl
30 gui dos (M0t SHBMRS FACASEBnE PR i k1 F pPBEEs S Yo i h ¢ an'

ai r conpr essosutl 1€0 haokngoaopitymyet Ihaw d IMoxedtarsecvadary thiisd ekl 6, a

sour ce ri X r; 102, ;s andeal.um num w res
106 and 10?,’%’&1*%?%25%%&%2%@8 %%%nge%%g%%%yl%ﬁﬂéggl $8%00. The arc
spray nozzleldoorabste pfenssprayfheowz| SholPatYredrdlenpssepRFAt AT e t he
carbon cl otfh 925 - sh¥O:08£13388 PGIR HSO 02O 51 e h §FEBRE08dparddord backup

mesh 93, an exhaust faQ 11% and nolten netal spray 94. The arc spraying is
done downwat3f it BOF fie 1BBPBAAT cFBERC Y  Sthich i s resting horizontally on a
backup 5 nesh 93, so @het petdkeandyast agee of 1l g tavo 1l ateosall ukdore R duri ng

i [ he | i h bon. fib | ot h. The f 98 i
entirol 5P optT ChATSSBIRE EXr BBR SPRTR-00 Hobsohot" BeREFEEFY %ed to be hel d
in place. Téke¢erodptaysndpihienltiatsimcisei!| y Ihreselébtiegartdies typay

I di h 92 i d
nozzl es ”§€t§£’e%giﬂ?ggtgr§o§9£?89 E&%@e qo%e{%xf%%%rggg%%s%{u 1G,sends

conpressed air 1n spray nozzle, rimary Tine 114
at about 50-emsbdeped: ahdugavshéintyganicheckeconddyyel spduti®nsarri es

~conpressed @dfetdi Oyt Haveeh BRERYr N0 EcdDlidp @haabast ndd-RYuedhis
secondary |l1ne 116 %oosts the Strength of the nolten netal spray 94 agai nst

the carbon @BIINH2) ERIBLEARENER NG | ¥ YnERFHA oPEt A8 HBt HO% )t 0 the
carbon fibafowewéh, byuenabl sodutesssal imituthé owbekipgayedtiayd ess tine

whi | hi gui h Q i i h | Wi

pray ¢ echiilc-aRRP RGOERES BRBBRTrEr BYTEE CORvEndi SRAE wi PE A S pray
techni que, tled eemerigyosasradj eh Spe ajodletdinlayer tapacakom BOMis actual |y
sprayed thapdde R of OBKENLLAREL 8F CRDIAY] £8L8PPLARCRGL DAL 0N Y ses

single arc ‘'spray nozz I'nstead ~an’a I spray nozzl e,
al | owi rRP f abevebr endgheenevayi aAppiralt i oms odre hprababkiltuleitiier car bon

cloth 92. RKINEMRESngt HEnBRCaQlieBud eélé@é@a{l)ﬂeézésﬁ!eloﬂﬂ et dibe
dnpregnation 30, process tg .be conpleted in nmuch [ess tine than a

convent i onPCERECsERAY YPLBEES ARdFRE PSPy, Of s?2nfetPeds CaMhtfim i s
sprayed in éesf th8Rght henFagukbibgel y€rodft8®! hetenat dbwied: g. . al um num
that is forped.on_the, surface of the carbon cloth 92 is thinner that forned
35 using t FeCRBRGEAYESNal wire arc spray techni que.

25 As previously indicated, the preferred

electrolyte solution for use with the double layer
capacitor described herein is made from a mixture of
acetonitrile (CH,CN) and a suiiable salt, which mixture
exhibits a conductivity on the order of 50 ohm™'/cm.

30 While the inventors contemplate that the use of non-
aqueous electrolyte solutions may be advantageous in some
circumstances, alternative electrolyte solutions may be
preferred. For example, several alternative electrolyte
solutions are disclosed in the previously cited U.S.

'35 Patent Application Serial No. 08/319,493, for MULTI-
ELECTRODE DOUBLE LAYER CAPACITOR HAVING SINGLE
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It should be noted that the netal used. to inpregnate the carbon cloth is
not limted to Al um num WO 01113388 - 35 PCT/US00/20:137 1 0 FEB 200
O her sUWVPM188Bet al s, such as titaniumor copper, may bepaesoonssine
skilled artist. The operating, paranmeters used during the w r e 1ag FEBPHHY
process are as follows: The electrical current 5 used to nelt the alumnum
is 80-90 anperes at an arc voltage of" @fout 31 V. The conpressed air is

60 psi and 40 psi for the primary

Imiaingt ?ilzegnSEPﬁgeééi‘g#éaF&ﬁ rfg\;qo%n%glg CFW&EFNHTIEQZICGR_HPN THEOTH st ance

between the ELPCDRODESYhéy etardtiaynagzzee AQ1,amd ithke 16 Ay d s, between 4.5
to 6 inches. The conpl ;—i:,&\e SRAY, P attern is traversed at a constant rate in

a time period of about sé‘c%"’noo cOnParedePYSai ot e Qe @R UBIYEE a

convent i onal seineians, spoagvieachmoseiea IhenaEs caprayroPAzne Wl Akdst 15
spray nozzl e r S the stre f "ol ten .al umi num 94
covers, th% c%%g%hﬁc g?ﬁb ZID?Sj luegald%gsé 35?:5833?5&5 Wt BMA % Hum over | ap.
The frane 98d6Y1%@"-ﬁerWhﬁ@ﬁamm@otdsmeme smahdnnlfaakeraﬁ:le@ @ in front of

a backup nestio98riFi &, 2§F£1e)11f1t€ér\f_\,e“ bhei Qgcgupa%gg%, nd thy et spray

nozzl e 101. |f. used, rane exposes a "w nd erber
cloth 92 haFREHplo Fﬁﬁﬁé‘sdl r’fﬁh%‘f%n% P¥ ipanyj geneerby 1$4 lzeahagmesﬁ to

the arc spra‘g/hefeh@d:teolgtenblw&ﬂ {1 Q:a;léa\.itb'_?ecﬁéﬁ 595{?‘%% cgﬁo and
the 25 a4 ac%fglchﬁé ?géag é e can be controll ontroller
102 to provide a desfred SEP ﬁoﬂht ee?’ng’i‘ﬁvtﬁes&SPBSHCPPSePr&QSﬁm.gz
Preferably, ltml%ob‘eﬂcbolnyfkbewv'nclp(mthZapzsrdsmd:ﬂeeruEOﬁhaH yrduldakbhge of

i npregnatio Vi | I € u ance inpre natlon of
npreg e dhthagtaVi haklanp o‘"\’/\E/I O%rc %%c.fi éﬁ, IPFB Eﬁ& 5ap |

the 30 nolten alum numihto the-t
nol t en al uni$ARE ar OYPF aying,i slqéd'?m bf ¢eet|amgnambsalmltbnltmIe\M res 104

106 fromresmdx/@,foéé§ of;1ahu é}g@ L N L spnLa zl.e 100 at
-a 35.co ol | ed rlate Th eeW| rlgsl 1ra ne(ljgl éaltrxgnn%§u$5§1st§ G'LYr'ﬁenum
ﬁt?r ’?'sel%‘ﬁ%%'lﬁéﬁ SFRDI anre o0f . tbechaaecampprerandr titanium

Ti ps of thenﬂiﬂﬂﬂ@”ﬂnt&fh@l/E%@%%taﬁgh.

This leakage is less problematic in larger
devices (higher volume electrolyte solution dev1ces)
because at a given time, for a given leak rate,

20 contaminated electrolyte solution at any given time will
constitute a lower percentage of the total volume of
electrolyte solution. 1In smaller devices (lower volume
electrolyte solution devices) such as described with
reference to FIGS. 12- -24, however, the contaminated

_ 25 .electrolyte solution constitutes a higher percentage of
the total volume of electrolyte solution, at the given
time, with the given leak rate.

Thus, as described be ow, a significant benefit
argument offered by. the present embodiment is the

30 employment of a hermetically sealed case (hereinafter
being defined as having a leak rate of less than
0.00005 g/m’/day) at 73°F and less than 0.00009 g/m?/day
at 110°F (see Table 5), whereby long-life, small volume,
non-aqueous electrolyte solution, double layer capacitor

35 designs are, for the first time of which the inventors
are aware, enabled. Manufacturing and assembly
techniques that achieve a hermetically sealed casing are



PCT/ US00/ 20~37 1 O FEB 200 wres 104, 106 are held within the arc spray
nozzl e 100 a specified distance apart. A source of electrical power 108
causeWwOan/1&88ctrical current to flow through the alum BROEAUSD h,?/ 37104 106
and arc across the tips of the 5 alumnumw res 104, 106. T eﬁ-E@ciﬂﬂi cal
arcing causes the tips of the alum numwres 104, 106 to nelt and vaporize
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about 1 second using the spray, nozzl e 10l, The,individual arc spray
nozzl es of FPREREE Eﬁﬁéﬁtﬁ% &1 OiN FIRIPHELRR ¥htRhERet fd e SHEOLR of
mol ten and NQ@QEtZﬁdeORE@T(bmthedfaWﬂdlufﬁr]é durdatend tdtsoway pon fi ber cloth

92 as unlforn1 ossi hl e ni mum ove aylng
process hasr%E SEBEpFeFégnggﬁﬂﬁdgI%ﬁ&ﬁc%f élﬂﬁ%nﬁﬂgysgﬁéggghgg a0
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Such pattern provides V|sua I'cat1on | eas al um num has
penetrat ed hhe dpvedapmento rfh RuRCkkedbn eomrerebabpyi Miableol tigh

i mpregnat i ogndPgiNeehdS t37,C SRV Mayer capacitcss. A key fea ure

of the present embodiment is to provide a double layer

30 capacitor having a very low electrode resistance in
combination with the high energy density achieved with
the very high surface area of the aluminum impregnated
carbon cloth electrodes, ' A major objective of the
present embodiment is to reduce R. + Ry to a value that

35 is small in comparison to Rsp. To that end, much of the
discussion that follows focuses on manufacturing and
assembly techniques that reduce the electrode resistance,



25~ process. As descri bed above, the | ayer of alum numis thinner than a
llayer forned using the conventional wire arc spray technique. All of the
equi pmeMP H88enced in FIG 10 i conventional. The det @dTsusandossanner of
operating such 30 equi pnent are known to those of skill in the1ay Feg TR
pur pose of spraying the carbon fiber cloth 92 with the alumnumis to
reduce transverse resi stance through 28e~-carbon fiber cloth 92. Masured
data of the al um numinpregnated carbon fiber cloth el ectrode series 35
resi stance (RESR)2StHR&A BEF &Pe §ﬁ&taf3ﬁ1e?~'e§#§t§p¢aylhg dmd anistma Var i ous

anount s of adwa,num EHEPRY | aeﬂsw abbgy 21 i fe VAILAIONd 1338
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el ectrod s t % T2-5809 ﬁ%?b tahret L59 R EP%U&R%Ea%hﬂ“tﬂﬁtthe

contai ned apjwuixlierntaygrOcapgcbtoracéboot fiie mesdmait daisdd imdrix | he

unsprayed cl een fr ata in TABLE 2, the
r%tﬁ ce, glé) lgJégfnot %&%ha?AiIé I‘erp’c SprBBF i h al uminumi s

resi stance of on fi as’ been d
reduced by l?ﬁl‘%’d’%lfﬂa"et‘é%r%*ﬁl‘éodlsmhmaoﬁrmmlwnmm;megnatml st ance,

which is causabdy @mexsr@p@@twdéh@omynfsyép i Sitdod tep Of 6#&%8

al um numln%rl?gagnated carbon fiber cloth el ectrode structure dire

i nfl uenc¢8s &E‘é&‘f?%ﬂ%t?’é’s?%té%cﬁmREﬁu el & RS Tdeninassahance nﬁﬁoves

the ability ief rdpraoehted | syes sappes tof éégb@ﬁﬁuéﬂlﬂes%&\efxééﬁ constant.
As further seen fromthe dgla in TABLE 2 ducing the resistahte of the

al umi num i mpeegndred At NGk AnArsas l’é‘lge(’:’t"-’I""éééaf‘ﬁ12oééhal fBnegdan on of
al umi num i sof grictesscs hit thistadei eptedi zabdm e (O taduse) 1 e | ovest

el ectrode Teyeshants) fairSudlesit £ APt Lo AL Ton 9% Ieiid | © @l umi num

'15 current travels before passing into the electrolyte (as

ionic current). o
Typically, current-entering and exiting

activated carbon fibers near the current collector, sees
a relatively lower electrecde resistance than does current

20 that travels through activated carbon fibers through the |
entire thickness of the carbon fiber cloth before péssing
into the electrolyte.

At the same time, current that passes into the

electrolyte near the current collector foil (after having

25 - traveled relatively little distance through the activated
carbon fibers) has a greater path distance through the -
electrolyte solution and thus a greater electrolyte
solution resistance Ry, than does current that passes

K into the electrolyte solution after having traveled

30 through the entire thickness of the carbon cloth, anad
thus has a lesser electrolyte solution resistaﬁce Rgs.
FIG. 7 depicts schematically the inverse relationship
between R;, and Ry through a series/parallel circuit
having a "ladder". structure on which the individual

35 capacitance functions of each unit of surface area are
the "rungs" of the ladder and a series of individual
electrode resistances form one "leg" of the ladder, and a



30 resistance remains too high. Too much al um num -and the wei ght of the

al um num i npregnated carbon fiber cloth electrode is increased sufficiently
to degrade the energy density. Too nuch al um num al so bl ocks the

el ect r®wgoe1f380om penetrating into the weave of the carbporistersgl oth WO
01/13388 - 39 PCT/US00/20.t37 1 0 f E B 2004 so as to cont aqt?qﬂt-g Ny t he
surface area of the activated carbon fibers, thereby effectively decreasing
the avail able surface area. It is stgd¢ft+cant that the arc spray 94 that is
5 directed at the carbon fiber cloth 92 (FIG 11) does nuch nore than just
coat the topepiesrofit iadifidduaf elrctyalyde siodartigromesdsrancesin | ayer

of al um nung o Wi Lﬁo he 2l U a1 ed0es eRAte It dOP- 841 8GR cel
al so penetra’' =s deep into the carbon fiber ¢cloth, or in 10 'between the

intersticesl®f cPRBRLIELEr Foh TN D RfdI e Wehilet-h@Cardvh $¢P_F2EPEth, and

thus inpregrasesthheecardebdplal d oirfbtheh edldiBMRe ottteesi BagT i cance of
i npregnating the carbon fiber cloth with alum numis Jbest ustrated with

ill
reference tDERCEDAKAGITF SR Ve e ougg AR o8 "G’:é‘ﬁﬁf a schematic
represent at¢@pacitahesn hafs a'sHate! sectleazal onieewfoftHeha Xesstoadéi ber cloth

92. As seen_in.FLG 4A, arbon fiber cloth 92 i ade. up .plurality
of carbon ﬁ‘%sé%s aHSng a&% a‘[Ctha:l’[eaas’rte v é '?%‘ef Srz"‘r%ctﬁﬁeﬁgétr osng;‘ilgégp cloth
20 92. For. séspstantes oMLl dive sugtbegadfon if-ieber thendimeuniR0ofire shown in

FIG 4A Eachsgaehneef idier M%leeféﬂx?o%é %ﬁré‘i@%a%e%f lﬂl‘é}rﬁq achi ¥k gdycarbon

fibers 122, as seen best in Fl ,* Whi ch concept ua iITlustrates™ a
crosssé@ i EPPIF ERPHR Lafa s/ irtiere &fhord - Bi-beFNSUFES SBINC250Fhe axi al

resi stance #iet B2ettioniydiealsaait M et Garthered.bers 122 is very |low, but

t he transverse resistance throu a carbon fiber byndle 120 js relatively
igh. Tt o1 s thi s rrandubred el btz acas o ik HRetEpbrbfoi n A
on one si decwfréhe Bakdagbeatfh ber" cdritdr 9% honde@xittiry et berbbher si de
-of the carb i.b 0 that 1s | ower i Nt the
el ectrode rgg?é%aﬁég%&%?l%r%cl‘}s?glryayr?enagr \t@%e%g‘éar %6%’% terco%#f(;gﬁggﬁ with the
al um nid arfosp/ agrbonadideragdatti yirdaufeset, hard driavebingfaow into the

Low 35 126 A4 bevEaE0onduiaer Ul el B A1 HAW) dLH:G g8 Such

penetration, or | npr ation, intot t ow of” the carbon fi bundl e 120
reduces cort@titiesisfafeeondpaytgnn pfggurrent sehingsEabDad?"1 0 FEB

2004 bet weeshtafdivgdudle 2elribea ed e Ranthi Rer £nb2durbitht esgl i bagokow
transverse contact yesistance together with the intrinsic | ow axial
" resi stance %‘?li?@aﬁ PRy SR T & Aingerd apes ands @%1 530% 3r§ni ow
resi st amce jpatérhnediale peadd tiwm atidly armrietetrdad atiadtdi ©tahbe e8rbon
[0 O SRl st e A VGRS Sk o aEg (I ouan
portion of current taking path "C" entering the carbon
fiber cloth at the current collector foil/carbon fiber
. cloth after having passed through the entire thickness of
25 the carbon fiber cloth, with a relatively shorter
distance of travel through the electrolyte solution.
Understanding of these sources of resistance by
the inventors remains significant to their success at
reducing the resistances to a level that permits the
30 making of a commercially viable, practical, high-voltage,
low internal resistance, small size, long life, double
layer capacitor. |
Advantageously, in the present embodiment,
total resistance seen by the entire amount of current
35 passing through the double layer capécitor is no more

than 125 mQ.



Furthernore, the inpregnation process used does 10 not signifi cantly ef fect
t he POLAS f the carbon cloth 92. The porosity is maintai hed on

m cr oscopl %:%I}evel such that sufficient electrolytic sol &G Gﬁoﬁé‘g‘ahﬁe% sl e

the pores of the carbon fiber bundles. Thus, even though the

i npregnant takes up sone of the voi d3\6ol ume of 15 the carbon cloth, the
netal . i npregnant is not small enough to interfere with the porosity of t he

carbon cloth 92; and’RéP@fzeIx? 5h1_exeor S|tyﬁ%1‘€ér2a§%(iﬁ¥tzg§%?%g;gng evol e

mai nt ai ned durlng t he Thpregn t|on process
of the carbeheetpode 920hawi iy QOSnghespnay‘ed\torcaMaec/m:d 802 uamdoh t he

car bon cl otglg%IQ@éQ&Q@gp S8 aygdshgw boutr #rg?% cﬁ&?ht he ot her hand;

if too IS regnatedlntot ecar the metal may
act as a baFfPEpSepnts h@ubma%?om%h@ §bPE9ﬁ§nn@m rtga)@mlaesmh@emrram t he

carbon 26 fgbewscipbh theetépaliedrt BogaLRroRRY tie dTd&ESoddeg6dr bon
fiber cloth aﬁ; i got onlé/ rrgl‘é nates tBe tow 122 of the carbon fi ber
bundl es 120208t BLEFERP I C SO tREEPILER EHSv SR TFANY (Cod Lecte¥ nBOR | ayer
124 of al umi num on the Qtatge way f eakeopathe "gar mdud}ertﬁé oth 92. The
surface of the carbon

I 124 d t th h

c?gﬂ] TheI Eééggf ?%eaé:lg?f s% ’?%%ﬁﬁ?sﬁg gh%ﬂﬁ’l hencentR/y MNP 11 provi des
a much thi natectngde 304 mtaluntnemtehanaacambwntﬂxbm} bandlar 80spray
techni gug. BRekOr R AR fye tHEY 1&@@%&28 tt?\ Pl A_L%éé{pk%'% not

nore t han 1/4 of the thic nesso one car | n~addi ti on,
some of thePandhe n8®s Fecthe |surrenp gollegtor 8439 P@h@s@mmew 1 0 FEB

200 sone of exper yohess 128s Pet yees fPSmCEEQO'&lfe'&‘ifodw%fs 720 a

al um num | a er, 124 hel Ps to make gcg ﬁl ow reS| st.ance) ecti ca-lr-‘ cont act
with curren e%b? AEor ’f?ﬂ‘l%h%Sﬂ Cretgtersplufiions Rt | Rhended to
functi on ascuﬁrantuthiamtflmlré em;admghsehie cbhaledtor tiwi Bl giod pum | ayer 124

The voi i 1S8FERi S BTSS0I By e A1 E e B BB The
al um num i n’bE'égn%m@d"@hecth@ohanwmit shbukdechouodee andusn»]zmeblxaxﬁt er achi eving
10 adequat e ol MEied Gl St fsa//fl té/aéﬂdcﬂa!rg,\é_! SN LU O

constant. .Referring to represerdtati on o ST de sec?i(oﬁal Vi ew
of anot her ®rERAKIREKING IRa tur'Rh e*pﬁ@nhngzsm%usomti@npl e tw st.ed

carbon fi befediketd ose 1@25 )Zlahé fé‘Q&meléc@i'm szeééi r?cf:eo f'-gf A:[

tripletw sted carbon fib bundle I's shown and- furt des

5B. . The? Rar BRAF S oth @‘Ztr} 'ht i FXF ye¥pBBASf r ofRacHe R&t'rfpl%eftlﬂ%teé éar bon

fiber bundleépéé’éte R&f;ﬂdiﬂﬂqé@ &4 GredB. CoReeRIfFRIdYI VWAL AE] BaRBeCl 0SS
tw sted carbon fi, bundl e 121 in the

secti onal of a tri r
enbodi nent ?V\# TR 12 flcw) @T%t%e%%%el He2RREL %@Rceﬁnrcée ALMFR Sver bundl es
123 have indivi dual fReéferrsr ol tdeFIGwW Bf eaowncdrshen Simelibiedl e is

shown, as t n p he 25 triple
twi sted ca\r,\%%%\c??%e%b%g%ﬁ %’pé(@gga%hg rggetorc}a%b d&#@]'berf%ﬁn%jl es 123 are

twi sted? og‘é%wvf%rf%?rﬁapqwmm%mmq:gwa delioerf ierErawnt ea 12¢aduhi ch is
about the spne $hze1as bgeamr BQntB'eb%faptHM&HEﬂteanhG?es‘iét%f}fEdésB The

carbon cloth of FJ] G _30 be, woven out many triple tw ste ar bon

A
fiber bundl 84PN tvﬁst’r’?@l‘f%%age‘éht?h@mcm cﬁfaﬁl%%@%% 2i ¥eRs as
they extendasseicidted tithudbotneternghilel, the f[Hieritumdspiegnatieas, | ess

AT oum neegab? PeetIREANLet, (S e2eheall o he ngpuraual fibers of |
to car bb® celectxelykidisoliteldn bees bshdhees22 andk.st lerefutie, | owers the
Lransverse separator resistance Ry, (if not sufficiently ‘low to be
neglected), are included in the capacitor internal
resistance R;.

The total resistance R; of the power delivery
35 circuit in FIG. 7 is

RT = Rz +. RL . . (3)



WO 01/13388 - 42 PCT/11S00/20.137 1 0 FEB 200 resistance of the carbon
cloth 92 using triple twi sted fiber bundles even further than with the
single\?bgﬁimgyndles 120 in FIG 4A.. The tw sting force di splaces the
shape of the carbon fibers, especially at the edge of 5 F&d: 0@’?@? fhﬂer
bundl e 123, where the carbon fiber bundles 123 begin to fray s ﬂb ?@f, -
thus, allowi ng nore alum num 94 to be ., npregnated within the tow 126. Thus,
.the flow of current fromthe direction of Point "B" to Point "A" in FIG
4A is inpromed t ri pStede1Q, i I in Fl.G 5A. By
.varying the tV%%%QEngﬁ?%eb§g§F§ﬁ§e§ngt%ge02§%§%“I §§9%§ﬁ3§1 §“Tfi, t he
transverse ¥esiSince can b2 | owered: thus, optim zing the transverse
‘current flowin the carbon cloth 92. The ideal inpregnation depth of the
al um num 15 into the tow 12b of the carbon fiber bundles 120 or the triple
twi sted carbon fiber bufidR®s 121 has not yet been quantified. It i<4)
bel i eved, however, that the inpregnation pattern, when viewed in
Cross-secti .S Sl to that_ illustrated jn FIGS. 4B,and 5B, filling
20 about 2/ %roé% 4“(;% ?%%eat\:/gf‘?éﬁp fow o?‘ﬂﬁrt bhe faPASI FRT whEre t he
_bundl e is exposed at the surface of the cloth. This is approximately 1/4
through ¢ he entire ca{Qp@%glgth, having a simlar cross section vi;g as
shown in F|IGS. 4B .and BB for "t he indivi dual carbon fiber bundl es. )The
wei ght of alum num wusing the jet spray technique, retained on or in the
carbon cl otthd sydidy&i devle BbpLEt HBLHs3bBHE 20230 £59.. 25% of the total
wei ght of the carbon cloth plus alum num or about "15% of the total weight,
including the electrolyte. This 30 is conpared to about 50% of the total
wei ght of the carbon wloty(ReiRMer the1errprn cloth of FIG ~4A or tie
triple twisted carbon cloth of FIG 5A) plus alum numin a conventional
wire arc spray,technique. The reduction is weight is largely attributed to
-the reductiand ibhe eowdsr | dgkivaPdd of o athiei dvaddéposited on the surface of
the carbon cloth. WO 01/1338S PCT/ US00/20.137 1 0 FEB 200 - 43
Manuf acture of hernetically seal ed doubl e | ayer capacitor Returning again
to the bl ock di agrambf= ﬂ‘é 23T Voi(t ~Rs/Berr tTiat LafRefCRANe car bon {Iher
cloth 92 has been sprayed and inpregnated with al um num (bl ock 200), 5
strips q; carbon cloths are forned (bl ock 202). the carbon fiber cloth 92
IS cutlint@rétrips havi ng appropriate di mensions to be used in the present
, enbodi nent of a double | ayer capacitor. The carbon cloth strips nay be die
cut as needed. 10 Referri H? FIG% 12, shown is a header plate .132a a
first termnal 134, & se deffhat 136, a gl ass-to-netal seal 188)(al so
referred to as a hernetic seal) at the interface of the first termnal 134
with the hegel ghald i (AN /AU AL BAL T e T80 Al 8t i A5 Furrent
of the power delivery circuit, i.e.,

£ = (1-1/1) . (9)

15 The degreelto which the power source (in this case the
double layer capacitor C charged to a voltage V,) is ablel
to efficieptly deliver power to the load, R, is thus
highly dependent upon the characteristic RC time constant
of the capacitor t.. The characteristic RC time constant

20 of the capacitor, in turn, is directly related to the
internal resistance of the capacitor, R,, as defined
above. For an efficient, practical, high speed power
delivery circuit to be achieved using the double layer
capacitor C, it is thus apparent that the internal



Briefly&;egerring back to FIG 23, a prelimnary step of formng the case
and headet B%ﬁ?% 132 for, the double |ayer capacitor is B@Wﬂ@ggﬁg&gblock
220). The case (as shown in FIGS. 21A through 22) is a netal Q004
conprising stainless steel, although may conprise other netals, such as
titaniumor alum num The header plate3232 is typically nade of the sane
material as the, case. Next the capacjtor termnals are installed on the
header pl at FaSbstipiRrea off ddwe tFRFATHIOB eaR: 1 IR Forbeanis 126 z2ed mgthatpe

termnal s (Bl opdw22ink Rdastit Af i6nd sepaEDeby 134 da iHSLAI_G 4, the
header plate |32 such é@gt aﬁrerne~ .ic_seal or glass-to-netal 'seal 138 is
formed between the fird@YEITAIRAYSEY e t RECFRAB P bP@iReNBPr qRibdes
gl ass-t o- metart skamibdh iimpregrestddhecdtboh ¢B6Oh Nal eSOrddOradis) eader
pl ate ang priauiges I che t e | eakage of contam nants,is
subst ant ;éal |1%$%ﬁ98§83??§rﬁ%§nﬁp—{}ﬁ% {)ﬂ%e dotidt &5 2 %‘5 tRpHT UL Rbent
advant ages ¢fix@astf oft il& .ar%e tthat herhel scossigubed osubdtentia iy t £ ni nal
134 is a pagiddePighat §eidial ' howg, ough_t he header
pl ate as shown. The secgr?c?&?'erén/%}{n%beléga isggé\?s%)g‘?ngﬁgﬁei# E%&e#gﬁﬁn?%'the
header WA (f743888thesprder pfiol i) M@ aB2leghef teathe eilodidat
conpl ete W dhdwd niAAFICRIL 1800 365 3n 1l Laie1 { NGy AhdiBTd Il Seal

n

138, ar g cogyercia Iﬁbavail hl e from TeknaSeal , _bcated I he state of
W sconsitR. [FFRHT 4 BhbOBETAT Nhd hAGRATIA R Wit hstha tree Helat tons
terminal frehawe healtablel at @dnibite Lastne . cINEt et "Bl b& a@@lut0n . 2

gl ass-to-ne 1381 s .. conposed .of silica 6% ,, Boron Oxide (17%,
Al uni na (8%%? 0 aséiuﬁpgkié%ﬁ?#%%,eQﬁéhXMﬁ%&ﬁ%ﬁé 784 1nhe i1 ki de
(1% . Tabl e 23 Stiows Whbrpkgsi cald friopardwess wsseg at @dovért L o®d asskd o- net al
seal 138. It is inportant that the thermal expansion and contraction nmatch
that of the header plate 132 such that the glassto-netal seal 138 and the
-header plate-132 will expand and contract the sane in order to effectuate
the seaksin a range of tenperatures. REJAPS0Q/20~37 1 0 FEB 200 TABLE 3 20

25 30 Physical Properti e feRfiide Specifications of PC-10

Parameter Value Units
Capacitance - 8 Farad
Tolerance *10 . %

20 Rated Voltage 2.3 Volts
Rated Energy ' 21 Joules .
ESR* 150 mQ

€100 Hz - 90 " mQ
(*ESR = Electrode Series Resistance)

25 Rated Current 3 Amps
Operating Temp -20 to 60 ' Celsius
Storage Temp -40 to 85 Celsius
Leakage Current 0.02 milliamps

(after 72 hrs)
30 Case Style Stainless Steel can with

header plate

Electrical Connection Two solderable platinum
coated molybdenum pins
, attached to case. One pin’

35 is electrically insulated

: from the case and the other
pin is not. Electrical
connection may also be
through case surface

40 contact.

Cage Dimensions 24 X 31 X 4.5 mm
Weight 6.5 g



Ther mal Expansi on Thermal Contraction Strain pt Annealing pt Softening pt
Density Dielectric Constant Loss Factor Vol une Resistivity @150C Vol une
-Resi sti w§Y:MB450C Vol unme Resistivity @350C Vol tage Bk£§§ﬂ® bds
56x10-"-71x1-10-"521-25C479C521C710C2. 32gm cm 6. 725C, 1 2004
1MHZ11. 76(1 og 10)ohmcnv . 1( 1'og 10 ) ohmecnb . 7( log 10 ) ohn}cAB 1KV, -
304 SST Furthernore, it is advantageOﬁ% to have capacitor termnals that
are sol derable, such as to a WO 01 3388 - 45 PCTI Et SO0/ 20~37 ' 1.D FEB
200 printed rd o Iar v e In o der make the
first tern1ng% %ggglﬁggthe gég%ggtteg }%8 first
termnal 134 and the secondgt gh i mﬁQHP fﬁoglaanun1coated
termnal 5 or aplatlnumcoate E@g Z I nam ¢ ahtgls
used so tdhat the termnals wll érabF e, and the nnlybdenun1|s used
since it has—a—stmtar—coefficiems of—thermat—expanstom—and—contract+on as

does the glass-to-netal seal (138. Both glatlnun1and 10 nol ybdenum have
simlar coefRPERBRESAIAYTRERARA BRPAKE bAYSRICRRMEHERE i ORCad 0t he

gl ass-to-netal seal 138t ¥hus, leﬁﬂ taeméﬁénaé\@ém@d ea€xpPEsEibp d her mal
source the pl

coate n1tern1na S I and _ at the sane
rate as the %?EtécP aﬁeﬁgg gngg g ?fh?ﬁ%QESC%ﬁL¥f§%?£ ¢ s98PPfer nal
expansi on annazentcapaconomerelaotreferfam td hes the Eernonahilaomkd expand

faster tfin ne&apgsgkega g}%ah 862k 1§§s¢£9%€9$§%mé'y ggégk the

‘gl ass-to- uce The & I Veness: of P§$s5%- net al
seal 138 by Q@tbmﬁﬁguPéékééedépl@hboae,ei@cEI@$yt1@ G@rqmganZLnaauhery

smal | desi grpr§€EBs a8piBeiBREMELLCALLY, Seal gdycapaci tor shown in FIGS. 12
through 24, ‘preventing this | eakage. is an |nportant feature, and thus, the

gl ass-to- netal seal "138 is used. Therefore, tHe particul ar sel ection of t he

pl atinum zedrdr &y habdeﬂuaffﬂatibezﬁtésﬁtwn nwaéaﬁa%n £iDE# btlolt?n a pass
‘t hrough term nal |s i he capacitor he second

0 to t
terminal 136 shoul d be bﬁétfﬁﬁﬁfﬁBﬁ?egl¥%Y E%I%E?%%l???y°fbﬁFG|sq%ﬁ
reqU|redﬁx)amdawnbhybdéenanmarelsonte Ficsloeso notd ppss aRr HHgk itahe net al

30 plate 13 T. d i
Cn B vari ety iR ybgsBacen b TRE DALY [ T By SO Cod TRy TRRRARR O | ©
bondi ng. Th@%ﬂ%@ihﬁﬁtc@ﬁt tblemlylbh@nlﬁfa'els papseitethroughFiGe Bdades plate,

and 35 then &, g ps&-hPe n?ﬁﬁéys?@is&@ef?rzté’é neg é’?t%{%&né hgggé?t) %Om coat ed

nol ybdenum and t he header f at 1 num coat 'S m cro
i nches t hi cikcaxkpparfiber cloth 92 (FIG. 10) with molten aluminum 94

20 so that the molten aluminum 94 is impregnated deep into
the tow of the activated carbon fibers of the carbon
fiber bundles woven into the carbon fiber cloth 92. The
carbon fiber cloth 92 to be sprayed is preferably a
.commercially-available cloth.

25 As seen in FIG. 10,-the carbon fiber cloth 92
is typically obtained in a roll 96. The roll 96 is
typically a! sut 36 inches wide. A length of carbon fiber
cloth 92 is unrolled from the roll 96 and held in place,
such as in a suitable frame 98 (FIG. 11) or by suitable

30 guides (not shown) in a continuous manufacturing process.

Shown are an air compressor 110 having a
primary line 114 and a secondary line 116, a source of
electrical power 108, an X-y controller 102, and aluminum

| wires 106 and 104, all of which connect to an arc spfay
35 nozzle 100. The arc spray nozzle 100 has a jet spray
nozzle 101 attached. Also shown are the carbon cloth 92,



WO 01113388 - 46 PCT/.US00/20.137 1 0O FEB 2004 materials nmay be used,

i nst ead¥B01ABBFbdenum such as titani um however, titanipw/iSooRie

resi stive than nol ybdenum Again with reference to FIG 23, iIn EE?@& el 5
path to preparing the strips of carbon fiber cloth, the currenilang bor
foils are prepared. A first step in.pfgparing the current collector foils -
Is to precut alumnumfoil to an approxi mate desired di nmension (bl ock

.208), and théraakup s 198 alamtiexnadsa 1£49 102, Pagai #614QndpERASI ON
(bl ock 210) S&P}‘i’ ygferred alumnumfoil used for the current collector has
ppr o

a thickness xi mately 0.002 inches. For this enbodi nent two current

collector foils are fdtheearcTispriiyisiy d rasie cabvavapa bakb £38 (to have a
positive polgm | t . 1.15,4 I d. _abou nm wi de. The

second currg%tfﬁccﬁ Idelg)ttg’? oiijl?thoiﬁg?eesg}'ﬁ"ecg;&??ﬁézﬁ’af%ﬁ?y?“i 2 BB&KUPs2 mm

by 25 mm® OReSEdFS ofSa RE ftior $ekeurdyantaaie eof ogrdvitat36nabl sekcak? of
FIG 23) is duait 19 nd@d ofh0 &N | | O red on the first

term nal 134, md%ghlﬁgges tﬁtrnoggh tt%%e&f%tét? er{%?at%ﬁgﬁgg{az’ﬁhglber

gl ass- t o- mef3Cal Hhes Trafgs 98pA6yratAg ey drkionahl asobheccaphohet ween

an exposed CAptexto iddes Portt peReeh1tbhe nddBitd epdn 1 he first
current collector foil (1 t;-V\/ni ch at the 25 sane l??ir'r% ?ﬁsg‘Fg&th t he.

30), { .
first current connectdrcf aFF SRHWhBORZRE &k AHHACHRA” £Y obhree header
pl ate 132. Aspamafleasiprgybarezéesldlreetede touarposies bgiwssNcihenheader

| ate 132 t I tor . foil 130 'so as to
Purt her aseure i ool 3190 cBhptHEsbl 130" ERd Reiorestan a1  bFo18berr om

the header BF&t EPTRNenN9@8dAd1IPRr thnahgh3&hies peirttary t Dihdiel heager plate 112
such that thpoaecsndtbekBi pak ; 138ad t header plate
112. The segggd t er m, nal 1g6 Wi %ﬁdelggéit(:??%aﬁai??ec’omrg%?g?%ggﬂiﬁﬁeflﬁgate. 35
Referring to-Rrctai¥les ropryeeseisashnodntsl the irtadspray anez4Be, 10he

-first tesn atl abddt ubepsecontnier 8288hdaA3% 1@ dd 4 ¢h A€
gl ass-t o- neg 47 PCT/ US00/ 2_101.%‘!"%%6% \E’E% 200 738,

. ?% Se?é fv%$01/1g388 - 4 \ : : :
and the fir3t-SUPFENPICcEME RPLFER OMREEB0SRERYN P Dexdn s Eicthe occankonnt er i or
portion of ¢hethis2i tkusi emhaddingREfpregnation d© tHoGkedB PieEl G 23,
;?gcglsgm r Ofie p@&i‘ﬁgﬁ k?bé?rgfgth !:I %s erllg'b&qrn%uqr}aszso a51tim|1{rlxjtfx;[\ r?é ebéhi > .
" sprayed in less time while achieving the same
20 impregnation depth as a conventional wire arc spray )
technique.
Using this embodiment of a conventional wire
arc spray technique, referred to as a jeﬁ spray
technique, less aluminum is actually sprayed than in a
25 ;onventional arc spraying approach that only uses 5
single arc spray nozzle, instead of an additional jet
spray nozzle, allowing for a more effective impregnation
of the aluminum inco carbon cloth 92. Furthermore, the
use of a_jet spray nozzle 101 allows the impregnation
30 process to be completed in much less time than a
conventional arc spray process. Additionally; since less
aluminum is sprayed in less time, the resulting layer of
molten metal (e.q.. aluminum) that is formed on the
surface of the carbon cloth 92 is thinner that formed
35 using the conventional wire arc spray technique.
It should be noted that the metal used to
impregnate the carbon cloth is not limited to Aluminum.



Referring to FIG 14, a first carbon fiber cloth 144 havi ng been
inpregnated with alumnumis fol ded over the interior portion of the first
term na¥09B#38%Wi th . an al umi num side of the carbon fi bCTWWORBA4 bei ng
10 pl aced against the first current collector foil 130, so as t§ khBa0b 2

| ow contact resistance electrical connection between the first carbon flber
cloth 144 and the first current col teébor foil Z30, and, in turn, to create
a |l ow contact ,resistance electrical connection 15 betmeen t he flrst car bon
fiber clothOtharagyithble metals.msieh 1233, tTRANLNRS OXc £OPSRYTT BY Seot h

144 forms ayfkhasbyekpet srda 1246 Lt idye, doubl e |ayer capacitor. Referring to
FIG 15, a top viewis shown of the first electrod é46 1 ncl d|n car bon

cloth, the first 20 cgpﬁoﬁﬂﬁqﬁﬁlQﬁcﬁ?Fﬁﬂﬂtﬁ5§|Hﬁe NELRG, & ﬁaV i t h.
aIuninun1|Sasbon@rbglﬁe@cms§ dﬂ&aasnfmlbowporTheneabc&hachursurtemminm

134 and the t I tor_f 0 h h n d f the first
car bon f%beng ?% T%ik e%ﬁbablgggq n%smb ecprgggﬁgg%nggé?hmgf% t he
current 25 UoﬂteeﬁopffGMouts@l-éb-a§Tm% cempressedowigoisade inggiisednce

el ectrical sengepkbe@u%twra ok iiote 007 BONpLILDRNACLE BetigoraRtie he

first current colflector foil ter so shown is the
header pl at primazy, 1iRe. kuﬁaqanthﬁn%ﬁqqadagm Réner dil®y again to FIG 23,

it is seen &eabebma@d | Gy thcprfpar|'f'ISIet3§stEBF‘@9%Ft%e%altlh%ntfﬂpb@f
cl ot hs gblocks - - and reparl %éhe alumin nlcurr%pt coII ctor foils

130 (bl 88ks EGstiofPr&Yp BBe( BLETN2 Y SREEYERD, 4pe 6 ned
(bl ock 214)6bynphe@uttmm;:Ebmﬁré¢§ Qﬁr&?ppaatetnﬁﬂ@emnﬂvexsaubhtaa '
polypropylen I l.ene, i pal.y d separator
ot ot ol i cCopavaRg: KARY dhd oyrie' BTy Sacar RO I EerNE,

PCT/ US00/ 2Uct8pare@ EEBal@04 -4 X 8sepongprvpyhane- beseentdomelawirsed i s
approxi mat eLy J0 s%g | Rl tdr}IePk Ad bas éBrQ‘{r%%%l@rl%os'a%% Gfetabout
~0.04 x 0.12 um ver, is desired 'to’use capacitor 5 term nals
that ar &5soFRERYDbNEZZlee 10ha K A4 Humtedased thaty Blen Fhieamiofal s earl i er

described, ganekul adb@MurPm Musdvdes D@hé Earbbe illomals a@rponent s
sel ected since the_capacitor case e,exposed to _a thernmal .environnent

during the EBP&@FFA@ ﬁFoéﬁﬁ?lbxﬂnwh{%nBIﬁlmPU P&t a3kt onat ed sol dering
process, it is esti rratmi tﬂt&tméImacwa@thef fashamdsmecdqzoid t 0. up to

250 degrees Celsiu ds. .of. up.to m_nut th|n I

furnacg ThG8F PPRe 1t | Fgr t%bﬁﬁ%n%%? rﬁﬂgt e a%Pg ?%ng%ﬁ% heat .
The-sepapataa)nabemmabms;ﬁéubankuplﬁEshlaérahﬂetnaImﬁxlspnaygmaﬂ&i&o
MeIting in 4@g. eveR! ed) %&e@ﬁamé"ug@ Exbbiag %w'wqﬁfo;fenefbwe short

circuit within'thé ca aC|tor ol yprop ased

separat ors ﬁéFPQPIflﬁﬁﬁjq}Pﬁhmﬁ%d@%Yén9a9EPr@éﬂ@ﬁqﬁnd%ﬂ%ﬂiﬁ?nﬁr?f

combi nat i onawist i nahed @3k I3 Vi3 CigdhEs) UtbOEh@OWd sr#f of molten
tetraethylaanQQUHItetraflouraborate ﬁsalt in acetonitrile (solvgﬁg
a Even

failed (i.e! N 940t Gl 1 B dTRENBTEhEPERYNREE 1o Mkt
when exp6sedttached mdpiaayfmzabeunolocaacmwxormnmxm the areX-Y

capacitors f%Aﬂ%%f¥1 (i&Jm%o provide a desired spray pattern on the
carbon fiber cloth 92. Preferably, the carbon fiber
cloth 92 is held horizontally du 'ing impregnation so that
gravitational forces further enhance impregnation of the
30 molten aluminum into the tow of the carbon fiber cloth
92. B
The molten aluminum arc spray 94 is formed by
feeding two aluminum wires 104, 106 from respective rolls
of aluminum wire into the arc spray nozzle 100 at a
35 controlled rate. The wires 104 and 106 are not limited
to aluminum wires and may comprise another suitable
metal, such as copper or titanium. Tips of the aluminum



25 ones that did not devel oped significant parallel conductance. Thus, in

t he sol derabl e term nal enbodi nents, a porous Tefl on-based separator, which
is avaiWall/emBBom WL. Gore and Co., located in El kton, Narydoanas37i s used.
30 In ternms of capacitance and resistance, the Tefl on-based sep@rrREBOR00: S
essentially equivalent to the ponproE%Ienebased and pol yet hyl ene- based
separators earlier discussed. The Teff®n~based separator, in conbination
with electro|ytic solutions of tetraet hyl anmmmoni um 35 tetrafl ouraborate

(salt) and %EEESNRLAIrl & 06 Anfeftyld ardtidt (e REFTRRF M RA% 18 | 1P aBor at e

(salt) and gpepykeea earsbmﬁiee gt venta) ,sdw@acmeewcwié\ﬂ Pwéy heat
source WO 01/13388 - P J 00/20.137 1 0

ﬁ 00 ofh 2@} degrees
Cel sius fort®p FBUSSH m&lec Ci SHERGRh & N ering
f ur nace, mmlamﬁ.hamp@h)mzrsop.)dﬁnekda&asaetﬂ ant peod ryees & it teen ek e enlf Stetpar at or s

bot h falée ance a% capaem?l e s s%vgl é’fﬁ%)téailéyﬂﬂftgfuégg resul ts

in both reS| s ‘annce before an osu
source of 2elBedtdpsesfCahsg @l ympinibn rﬁlrnﬂ%slo‘fl'hel%awgenetht cpaCi tance was

negligi bl e yhbbejiowl )bza adriite ”Cpt@aasl%nlifhdr@eff&ﬁ'@ﬂ@”t?&sy\ﬁéf opgerved
bet ween el ect rol, ét ic 10 solutions usi nq:t$ | ene carbonate and

acet oni tri|alygl HF\/(‘-!’ﬁtrses iy, R iRRMRLFRRA Sthe R BypiRwn.

/1*%%: n, tthle f@l Mateﬁ%éhemts%wﬁt@{azf@dm\( MRi£IE 100 the £xprssnie. TABLE 4
ec ano—~ si st anc
(o) (21 VB RRR B, Rods B AU SR 2 {5y SO YHE iy the air

ACN10. 510. 286mp2e6s2a0Tafd @emd Wlh'liEAuij‘FB:l’x-de étC)é;ﬁk&%@dﬂlé%?ﬁ@l 394A20

Ref erri ng t o E! gslgilnghuwlqbso%rpoebov erpdar q&?%‘s%tpﬁ &Pgl ene- based

or Tefl on-baséd & escr car bon cloth
el ectrode 1g#6repndifdat @@d?ytlcmﬂedalumed-)m itk sked edlfa@ ls sm%blgesdum ng

any of a nuiRep eheWaldc WMWY *}%’ézf@aidd‘gt&rmgﬁw\ﬂﬁ'é‘gdé§ﬁt@d°¢§ﬁ AS

~such the por ous separat or ‘envel gpes the first carbon cloth I st

current: %ol ¥@Et 5Pef §FIC, APt eRorohorhe hl GrinyR ¥i¥e§ 1@4nminal 134.

Referring tpoELG Th7thd g @r;anhe&vy | hes Wi DAums O f &5 ﬂ-@4§unblst$1ﬁé t he
seal ed edged the orou rat.or %herS are articul ar{% (#dent f-
por ous sepa?%? ?‘ngﬁ AR REFY 1292216195 122 EhfFen

col | ector fmltoﬁSﬂananéumuamruﬁﬂvaponmzéd;Nbxﬁm¢Imem;ratomezmdnal.

aluminum can be directed at the carbon fiber cloth 92.

20 The vaporized or atomized stream of molten
aluminum is sprayed onto and into the carbon fiber cloth
92 following, in one example, an over-up-and—back spray
pattern, such as is shown in FIG. 11 using arrows within
the frame 98. The backup mesh 93, which has mesh

25 openings on the order of 0.25 in?, allows the plasma flow
to continue through the carbon fiber cloth 92 to optimize
volume impregnation of the carbon fiber cloth 92 with the
vaporized or atomized molten aluminum. ‘he aluminum
wires 104, 106 are preferably 99.5% pure aluminum having

30 a diameter of about 1/16th of an inch.

In operation, all of the operative equipment
shown in FIG. 10, e.g., the arc spray nozzle 100, jet
spray nozzle 101, X-Y controller 102, frame 98, and wires
104, 106 are placed in an arc spray chamber (to confine

'35 the molten and vaporized or atomized aluminum). Air in

t he

the chamber is dried. An exhaust fan 112 maintains a
constant flow of air through the chamber in a direction -



WO 01/13388 PCT/ US00/20.137 1 0O FEB 2004 - 50 . Referring to FIG 18, a.
second carbon fiber cloth 150, this tine with an al um num si de facing away
from t heybigiasssgurrent collector foil 130 and away from tHGI/ERIDOUS? ‘
separator 148, is folded over the porous 5 separator 148 al ong 1 eFER 284 or
portion of the first termnal 134 . This second carbon f fiber cloth 150
forms a second el ectrode of the doubre3layer capacitor Next, stil

~referring to FIG 18, a second current collector foi 50. i s,shown fol ded
over the 10 $&@shdEERR beRe 19t SRERY aNo7gleht0f nfBFF ?r?Rﬁ¥|Qﬁ RB¥-the first

term nal 134Tﬁgmbéﬁﬁ@ﬁdfﬁuéfeﬁio€@|éECLQrci@mbea52nexmenﬂﬁamul9&,over one
hal f of the alun1nun13|de t he Sﬁcond carbo fibet ClOtPoégo angngg
way over anotien HiF$2of 2Phe® af AP hTnTRF 3¢ BP Fﬁﬁnséﬁo%%r on’ fi

cloth 150, seras d¢Ddéeafetheechpbbnofibae sideho$2t he arcansprayedde of the
second ca i ber_c 1 e r tQoF o

el ectrode asgaﬁﬁ? a%%yls sﬁgmnéggg§ﬂ fgg%ﬁeéggggsgé %§i¥&- éﬁé ggsgne
side of the ssnmnﬂrcmeb@& flbenewlbehGEBOOfsuﬂépuéﬁEd e¥EpoRghiRsY the -
portion of tgﬁxﬁﬁ?oﬁg ?HVEREE §REE§S&OEnf€hE %52m8xbgndé§9n8€&éd$h§oba|f of

t he ot her si e second carbon fiber cloth ? thus, brin Lng t he .

exposed hal f the onexht 8EF1Ri PR Ehe §éEBHB EiPrENFLiRbh Bt BP PBiFrSs 15, 2,
and creating ghtHyegontact resistance el ectrical connection between the

second carbon fi ber ClO%HF15O dtthe secondtg urrent g Igg%g £? b 152

along thet@ntire alunin sFﬂ@p PLEhBPEBY0RA ESF Bon ™t FheY ?hals

Referring to chrG;tQﬁL aasedénvaewiine phoiwndobf3abbht headeongl usén@32, the

first term naly J3g, . g agcRag, e dbial 4G 1hs ihush SHE! eBbagol| ector

foil, the fir he porods Separa cond carbon
fiber cloth, moziziés eécthd oatreprawohbé@ﬂ@rlpélBrﬁaﬂﬂa§5§e€n585§éﬁﬁled as

descri bed abQ%gi Jﬁgégm %E”ﬁ?§53n3§nge@§bB%QZEQ 69'BQBR&!SEYaQ&anQ@paCltOV

-sub- assenbl y I rst and second carbon Eﬁ cl ot hs, Q;F
porous sekfar ReVeranihenearbpst LARETsEA6HE 8GrPénP“1 VV ¥1p$3888S1
PCT/ US00/ 20~ aiighomfﬁﬁmagooqakhggtor foils, are all then pressed together

I n a mechanical press sq as %g %ubbected to pressure, of about | 600 psi
(bl ock 223 of FIG 23) ORRE tHPLARLI PREAYARG: BT OSeEe BARaP S ongy. so
application oéothétpaesautmﬁ sawesomaaummms :.sopmbahtt be ®bave of the

carbon fi ber $undttF6§oia§ g ?% %Qeca %p@zfl E Egbgqgrbgyapbout

15-20% This ness o thé'ca er cl
transl at ex0 diskighy vdsaaﬂepa¢temn of the &hﬁ&ﬁﬁeggsbf9@h§1§P@%ﬁnmm

inpfegnated C@ﬂQOBaEkbE&de of the carbon cloth. Such pattern provides
visual verification that at least some aluminum has
penetrated[all the way through the carbon cloth to
optimize volume impregnation during the arc spraying
25 process. As described above, the layer of aluminum is
thinner than a layer formed using the conventional wire
arc spray technique.
All of the equipment referenced in FIG. 10 i
conventional. The details and manner of operating such
30 equipment are known to those of skill in the art.
The purpose of spraying the carbon fiber cloth
92 with the aluminum is to reduce transverse resistance
through the carbon fiber cloth 92. Measured data of the
aluminum impregnated carbon fiber cloth electrode series
35 resistance (ESR), taken before and after arc spraying and
with various amounts of aluminum is summarized in
Table 2.



|0 cloth el ectrodes, when assenbled, and to a reduction in the el ectrode
resrstqﬂée gof the alum numinpregnated carbon fiber t rodes.
Further, and nore inportantly, application of the pressure S '%% top
side of the carbon fiber cloth 92 (snooths out the 15 valleys an s) SO
that nore surface area of the sprayedgal-umi numlayers 12'4 (FIG 4) on the-
first carbon cloth |44 and the second carbon cloth 150 are able to contact
the first current collector .130 andTaRgesecond current collector foil 152,

respectiveég so as to reduce 22 t he,cont act "resi st gnce R~ of t he doubl e
| ayer capachiWpl capag| t or 8B2§ By 154 is REQSﬁ?ﬁserted
into a casézﬂﬁ—e§¥—§@92~€biﬁek—22ﬁ—ﬁ cond

current collector foil, which is exposed at an exterior of the capaci tor 25
sub- assenbl y 154,i l.ectri,cal con t with an |nter|or f.the case 156
and to bring an edg % %&Edease 1563?%t0 contact with anzédbe of the
header pfate 132, g5%he header plate 1325ps next secured intagq ace by
wel di ng, thus naklng the case seal abl e ?block 224) and bringing the 30
header plate 132;ppto electrical contagh with the case, gndggecond current
collector foil 152. The'second term nal 136 having been welded to the
header plate 1322s58nd is brought inte4el ectrical contact wdé the case, and
t he second current collector foil 152, such as the second 35 term nal 136
is in electrical4gontact with the secosnd el ectrode and the dg rst termna
134 is in electrical ' contact with the first el ectrode. VI % 01/ 13388 -
52 PCTIiJS00/20s087 1 0 FEB 200g Red#esoing to FIGS. 21Axtmamugh 22, the
capaci tor sub-assenbly 154 having been inserted into the case 156 i s shown,
with the edge of the header plate 132 having been welded to the edge of the
case 13@ Al so 5 showfhiesdatBalin BABELENg w83 thien sisisigledumindme fill

hol e 142. The,pabhabedl idagnb@lsiisepot1 Yol dedeLR Bl g iyl dhs

8 of
FIG 24. This coibination of structures is referre ereln as t%&
capaci tor d8d&hbISHEeE° 201 Ft et | Hignar g Gn‘%ﬂB’%ﬁdCQQtaéﬂi&ﬁps 162 are

shown t hat aﬁélﬁréﬁiﬁadeu@'ﬂm thg skdeaphoh e PRBAGRYBoNATTNEN By LGP tHde
crinps 162 are for 28) Q |ndent|ng one side of the capacitor
assenbl y 16ﬁ“%@¥?¥ ﬁﬁg Yafo £°Bri nps 162 are shown on the opposite
15 sidasof the capacrhsrsaeseﬁbby ﬁﬁ@ @stshbmnTABLEI@. Zte The purpose of

th 1 I to the first d '
second o e Toretned BB sksRoRor SBt §PE%RPhaY FR5"BRCH A1 1ot carbon
cloth 144, snmaxe@owdtbaﬁbumlohmth515®dupedohy 20 $@par£mmtdmhhff503t

current cold ﬁoé %lg'alma:‘:?ig réﬁﬁeegoﬁ‘l{ﬁePésEQ%BE or wfh(l' ase

into close p ysrca ovi d éctrrc act | ow
resi st ance) YT%edEPFﬁ'ﬂrsﬁg 1ﬁ‘ef‘18§ V@HH@‘etlfe@r §P§h§§lﬂétt\weaf t‘H‘t# conponents as

wel | aesl IagmxhYnﬁﬁwarne&eghaeea5cwp6ﬁgﬁ%eﬁl B2LRAN Qle@tt- gk ef fectivel y
reduce the |nter i.S nﬁe of ihe clotp hi dest const ant ¥ressure,
in part, eﬁ%ﬁT%% Pﬁg dgdﬁth gy &P ECUPRCEE oF B CAER EQQQMRﬁFié%ﬁRS ances.’
The crinps BHe andt hruserigmitfieahtdgt inproveaddibeg adirlictyiraf tihwéegrity to
the 30 cap a e f al Iy ca seal ed
S4BT TTRTEY, LapRBIBRL HOPERINBL] p  dB L EREL I tarlE ™ P

capacitor or capacitor ass i Pst tert
second terminal 136 als$ §M¢hhehaseehe9rnaytbe dadat dar AABIE dyed directly

to a pr%s!“ ezde&héQH%t %arr%sﬁ%a}lms EEZ&Qf?i @1?:%2\3?13%@&%%%?' y 1.60 and

termnals are m ni rst term na
gl asst o- met&Arkes| fftP@m torifetéaséeiSBO%d*bﬁeueeceﬁwneemmn of

aluminum is a process that must be optimized in order to
produce the lowest electrode resistance for a desired
amount of aluminum. Too little aluminum and the

30 resistance remains too high. Too much aluminum, and the
weight of the aluminum impregnated carbon fiber cloth
electrode is increased sufficiently to degrade the energy
density. Too much aluminum also blocks the electrolyte
from penetrating into the weave of the carbon fiber cloth



01/&,%%@;31 1882 53 PCT/US00/20.137 1 0 FEB 2004 is conductive with the case.
Al ternatlveF both term nals could be pass through t er FEHHPY/2843d i nsul at ed
fromthe case 156. However, this creates another location (at tAeFEbeBhd
term nal ) where contam nants may 5 leak in. Due to the small size of the
assenbly 160, it is preferable to Rav@ 6nly one termnal hernetically

sealed with_a ss-t o-net.al and the_aqther _s ded to the_header
plate. Ref e‘?ri%gata a‘f?f’{iabcﬁzlg o3t gﬂ%esflﬁga&%grﬁg %%V\%%%na%?bgé €dnd
crinped (bl ozRb@R6fiberts i stheaseloyl ¢dfeetéveliycdllecstemd Enq btioek 228). This
test is per%\%ﬂ%fé "Rl Ve 4We I’Q‘%Laééll’l ng the resistance between the el ectrical

termnals capaci tor. In an ideal double |ayer capacitor, this
resi stance (for a "drit issseimnifieantstbpréctng yans }QﬂrQY\tS’{)dtlh@ﬂ iato the

cl osed caseyjshoudd de iy 'aafﬁcnﬁfmwg%%ha@%e (r@.a%grffﬁna § HuchOf

just a few ohns, between the termnals of the cl yasse
i ndi cat es tR@¥e Ahat c4§5 GRALHERE FRR BECEFOad iSWrhare ©b the assenbl y.

In practicegcafbdéh V1106t smme wherfaatnligadhyd® Me2 d suRChent abhgiie pass
this test fgmelectrlcal orts Rferrlng biglkto FIG 21A and also to

FIG 24, at“1%i3lHotm GRF o%F FREt citoR SHEERSPy LFe24FPed by
evacuat i ng péme ts's2® e ekt etiedcapebbnd fabe25 dlioteh, eoy.iH8 hours. The

Saoy. | GEyEeReh Ak (R ROI8: SPTPRBCERT LI £IRLOYAIEL] od (D ook

230). Such drél1 ng process typica es place over a day peri od,
any. conpri%e ’aﬁt%@?g}'@ﬂ/aﬁmﬁrrp@h‘pthm anch&haisospregeatey, thea t he

fill hole, @%mlﬁ@mm&g@lmnﬂ@mnnﬁggt tkrgx%rg i‘ffc%ﬁncéleEt 106

Torr for a specified period o our s ce dried, the

assenbly i sIRRERERA G HiT |fém<sca(1btp%kf2%2y ciedh Mihbh t2emhauRmis beedbne

using any syiiedteateasithier@elrSnk8ovB FIcENe 4 tthro g §Br ed | eak test
35 mcngﬂes spraying an. inert hel i um %CHeg over ,and around the

‘¢l osed tase while it FEHE4T9 %6?1%0?8(1??8 t Bé v MMAbiCand while a
negative prespresehntatsidr lis éﬂ@@MﬂBSBELdeSQed?EHﬂBDOW?@wa th&@ FEB 200

mai nt ai ned t S e t t|v S Lnside the

case sucks %ltﬁ%—le flbe CIJELEEE%e ?%%kglégﬂdq?’h%eﬁl—g galg 2%&3 ﬁéﬁbgg det ect ed

in the out sfﬂé%l?ncflm &2 tlf% made P pefipa Blufrallidy cakagarbest fiber

successf ul | uReRsethad Refad e £APEvER EEAEEIRO i 'cr%)fﬁ&ﬂaffﬂerté gugh the
ri ectra

fill hole, with a presc nount of a specified te so ution

(bl ock 2%6)92: ThchéT MR AR Y s PRAY oﬁ°P§ smcmomkréqpm nf bb@hebvera@&em or
assenbly by1d® disd nehewvagiumda NfAALrakheR RS Eives SQA41L! 186

envi ronrrentis Sn(\)a eS \}19 othJ I}{argyzeagg{l‘trg&gaggggon fibers 122, as seen
'

best in FIG. 4B, which conceptually illustrates a cross-
sectional view of an individual carbon fiber bundle 120.

25 The axial resistance of the individual '
a;tivated carbon fibers 122 is very low, but the
transverse resistanre through a carbon fiber bundle 120
is relatively high. It is this transverse resistance,
i.e., the resistance from point "A" on one side of the

30 carbon fiber cloth 92 to point "B" on the other side of
the carbon fiber cloth 92 that is lowered in order to
reduce the electrode resistance R;,. Arc spraying the
carbon fiber cloth 92 with the aluminum arc spray 54
advantageously causes the aluminum to flow into the tow

35 126 of the carbon fiber bundle 120, as shown'in FIG. 4B.
Such penetration, or impregnation, irito the tow.of the
carbon fiber bundle 120 reduces contact resistance



The electrolyte solution is m xed by dissolving a selected salt in a
prescribed sol vent. Hence, to prepare the solution, the solvent is prepared
(bl olo @AA438815 'and the specified salt (block 236) is permaas ez AS
previously indicated, the preferred solvent is an organic . i ¢ FEBEMOL
acetonitrile (CH3CN). The preferred salt s tetraethylannDnlun1 -
tetrafl ouraborate, or (CHSCHZ) AN"BEA-~ Note that for the enbodi nments that

sol der abl e, .the 20 £ i t|II tetra
tetrafloﬁ?&ﬁ&ﬁﬁx&éﬁhyﬁ% agr5?£FY%§ of VRRY T g E '%Iagggtgﬁltrile.
Fur t her noresuandiherlqr efeangdesabt costact et byl stthyleatogeither with

tetral | UL RO a0 & GOCTEL 2, OBAL BB lbENehs Slhaliplggrore sof ubl e

than 25 tétraé [Tammoni um t ur abor a € electrolytic solution is
m xed (bl G@kaB’B)flﬁyalfﬂi r522drgbngtt he saveryolowt rleea§tta1@8h@atb tand t hen

di ssol ¢i ng .t i \ 7 r atl f t vent is
303.8 é/l?ﬁe?%q%ﬂé?%ﬁﬁgéely £h§°§ €H%t%%aegoaghgg%nf§g%bntEeggkectroIyte

" sol ution Fdotastdd fbfe1npﬁ?FPﬂEslﬁbﬂoEﬂr24b?w Erapsviexrs6rt ant that the

amount of Ywgligk dritd NenLbeghr ehyt 81081 AeAUERErbgnheed agbhod0 fARRY(Parts
per nllllon) preferaleeIess t han about 15 ppm If the |evel of

|npur|t|e§ 385 in the electrolyte exceeds 20 ppm the
operating life of trmnrkm&&mokeyetheapapfé@nat$oadpeb&eb$ akkdcdeds It is

fo i 1
pCr UsBo) 265 10 welTobBatE FBEE had ¥8HEE s e he sBFEE S 8% ore ¢ he
el ectrol yee. |sTmmpntmaﬁeﬁylNSOmaheteaeedobnthemdcubB@dpayeﬂeN&paC|tor. (It
s noted Liigh I9MR Lyantny:0e, 2000d; LOSbBLILACHAY Helertel- \ 1O

ad\df £
enhance |ts performance or I nprove 5 operating he capacitor;
but wat er thgoBaFesheofivbhtedarhonhéipeesknndénsodi ABNS,) eMed Wacedcont ent

of the SO'tHE' rYLES] rma@yécgﬂant uskag a ceeinerratrltﬁet Mdid Qolude o known in
“the art. repre ent atj ve tlggator t% % sed for thi g .purpose 10 is
Lhe b0l Beghan diotin| Ehe; BRt it LEPELERSABLIS: SOt BAAKL anately. sone
-wat eL rmyealbquxdytd)emt\erﬂgref wﬁ.bﬁ thespdraeﬁeyaaferﬁWey,cadwm icd oaint errpt;
to thorou y e i de t he “as ter may be
trapped i th %hi %E?bgﬁefP85?§lg¥ ?ﬁetgﬁrﬁ %¥Fb§P°%3n edSof the
car bon f|hann@aﬂﬂedEﬁmﬂumgapped1maregnaayobeprebeased iTiteo t he

el ectrol yp.gq b t&q.fn‘?ggaxb%ﬂg”}xﬂ?y%m@“&ktt’h&" {:Qkéﬂokh%l%fgx%rzo'%%ngas soon

as the inpurity- e te s inpregna t'he case
r enovaOsubkenats@r ayed somi the vapdr voluse pfokhehcackhdsoslath 92

cont empl ahed ikatnddie £)PEgdaasserBbycbeobl HEfie W idh Ardidable sol vent,

e.g., acetonitri] he el ectr ol itlc sol uti on, ar ,other waterscavenger
mat eri al , BPPGr%Q)???IWHEhtHEtE séSwiFRreABated into the carbon

fiber cloth, the metal may act as a barrier to the
electrolytic solution being able to penetrate the carbon
25 fiber cloth itself. .

When the arc spray 94 strikes the carbon fiber
cloth 92, it not only impregnates the tow 122 of the
carbon fiber bundles 120 with aluminum, as described
above, but it also forms a layer 124 of aluminum on the

30 top surface of the carbon fiber cloth 92. The layer 124
is thin and contours to the shape of the surface of the
carbon cloth. The use of the jet spray technique shown
in FIGS. 10 and 11 provides a much thinner layer 124 of
aluminum than a conventional wire arc spray technique.

35 For example, the thickness of the layer 124 is typically
not more than 1/4 of the thickness of one carbon fiber
bundle 120. In addition, some of the aluminum also fills



25 electrolyte. It is also contenplated that the carbon fiber cloth, prior
to being inpregnated with alum num and/or after being inpregnated with

al um newvg otnssssoef ore bei ng assenbled in to the al um numpicnusegeated car bon
cloth electrodes, may al so be flushed or cleansed with a 30 SuUQtREH 04
material selected to renove inpurities, especially water (e. g., water
scavengers or additives that search a@ut -and renove water). |If the

el ectrolyte solution successfully passes the inpurity test (block 240), it
is al so testontk fafr 136 conillstl¥8tpetbbeok th42rarbiom ddbdacbividlest est i s

perfor ed usidd AufIAgl ARl 1 £0DAUGHANGRIBR! Vo iR goollD QL4338 - 56

PCT/ USO0/ 2 . measur es conductance using an ac signal. The
conduct anceesfistrnarl 1elentsheal dopetact] wash sHTeneLdMCcEO 22 C. Once

the el ectrglyitie s Ut on pes. been glxedsandtt asitethdedr tioTRuctiion ayl

conductivity, 1t 1s 5 inpregnated into th ase (bl ock_ 246; FI 24). After
the prescr iaoéﬁlra’frﬁﬂfntc%*nf%? ¥ roF§edfsol G‘Siagn 1ﬁasqﬁ?§eﬁliul’f‘r}rné‘§hia¥& into the
case, a balizaaiives iSo Webwer tRkocphaaetovessildtanidel,l RAol e Thet he . header
plate, so as to seal the fill hole | ock .248), of t acj tQr

assenbl y, é’r?c?sced?ﬁeai#t?l%m@}@é?r6Py%§esgloﬁésonl.2%Tﬁéé%r e?’ ?‘n%?’%elq%%% A cal
tests of tHdwoulundkgerlzapaddsowedgdtpdiof duheed Jupliosin 15@K egmatest

whet her th QH:Q} BHacht 86S s mRed e vl 3 chglehampnce
criteria. %el%era cfdé a%/’?éha% apgaep?g\ﬁgg t eéntls I ncl udéa. char §i nge t.ﬁgdoubl e

| ayer ddpacidesiuate i Yelypekr ¢ elefbpkilNg tYoliegd MoK cheragtbem®iie and
then al | owigyg.¢ {fie Lot £nt ayer capacitor to sel f-discharge over a fourteen
20 hour period. The voltage drop that occurs during this 14 haour

sel f-di scharge peri oRQFOVF HRE 8OnEASur Pof & FERFFREHASHCH AT el
resi stance gfad heeslorbh£l | Ayew eapasotdler Winda ishoid dheahal daasin 40, . 000

ohns. Additional acceptance tests _that are perfornmed 25.i.nclude subjecting

“the doubl eq]zﬁfgf %?ad%%s?o‘?mfoog §5ﬁ§?§nt ¥ B‘re tcag%’cqne i ;ﬁé‘“}@te tmi ne

the cyadls ngampacidlowe. andl steadyssrationsefi enea e Sthandgiplles test is

per f or ned l@(ei@@éé’!z{?z@o#’ Pf’%‘%&cbﬁgglg' 5l g?;?”ﬁp(ynq shdmR.current to the
or. The vol t age orm resul

doubl e | ayer "capaci t ol ge wave ting fromapplication
of . the curdesmrikedebrFEd: FPom The cardom el &2t dge andigtednhs, whi ch

i ncl udes tigg, aﬁaﬁr@%%rgpiar g6  BeEhe b ramRie R Latar.m ned to
characterize the capacitor. Such paraneters include the charge 35

capacitance, C-p; thReFeERIRGetLapabit 8foe CoBFepPtUalilye shawh diSs@har ge

capaci yaNCerdds Sedfohde ¢ieadyrshakeiplesitiliyited dArbdm Mk to neet

presently-lb é§¥§1121 in the embodiment of the carbon cloth shown in
FIG. 5A. Three carbon fiber bundles 123 have individual
fibers and the tow of each carbon fiber bundle is shown,

_ as well as the ideal impregnation depth of metal into the

25 triple twisted carbon fiber bundle 121.

The three carbon fiber bundles 123 are twisted
together to form a triple twisted carbon fiber bundle
121, which is about the same size as the carbon.fibe:
bundle 120 of FIGS. 4A and 4B. The carbon cloth of ¥IG.

30 5A will be woven out of many triple twisted carbon fiber
bundles 123. The twisting rotates the individual carbon
fibers as they extend radially through the length of the
fiber bundle 123; thus, less aluminum needs to be
impregnated to reach all of the individual fibers of the

35 triple twisted fiber bundle 123. This decreases the
amount of carbon to carbon contacts within the fiber -

bundle 123 and; therefore, lowers the transverse
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t hese val ues shoul d be CdoNn~l O Farad; R <125 mlliohnms, C~P/ Cdown>098; and
Cdovn/ Qup<l. ~5 . The final acceptance tests also i ncl ude ac 5 | mpedance
tests. WRDIEIB8par anmeter to measure is the initial resisPramwspr/eas7 This
resistance affects the peak power the double |ayer capacitor qapn rgeloger -
It is neasured at 100D Hz using a Sol atron 1250 Frequency Response Anal yzer
and a PARC 273 Poteniostat. Ro shoukd420-be about one-half of the val ue of
Rv, or about 65 m-2. As described above, it is thus seen that the ' present
enbodi nent repistence @5ty f¢zanen advabibesknushiagdsulipdel ayéstedpaci t or

art. The uss BhrBUANN dd five ! PLPCAIPT EADA" AW tReALYRLAUM, fglded around

a current 1 orns an e ent ctro € Structure
that provi deengdeg RaW elllbcﬂ@de%eyEbﬁnt,t‘lSAsnGe§©|r|Cl§eGl1§@da§I¢@wthea

doubl e- |aye§hi5:§QaB'ft Uhd TdEAGbh ZFﬂbéPét é‘\%gbé':.fail %C'thén%ﬁgﬁab‘fes in

excess of 10 Farads at a nom nal worKkin about volts, 20 an
el ectrod®e reafht SAEOUT GhRrE hQupdlesi2ig vh%%&ﬁg sarben ABber 1.2

setconds fa”b@ﬂ@%g)god@r!ﬁ'ﬁé/giﬂﬂ t?eff@ﬁgglﬂéh219*3t§u\£o‘ ha/ﬂmmaedm@ﬁ@v\er

rati ng of over vant ageous e ratin ers can
|npr08e evé% B¢ BYEhert %Hé%ﬂa ?%&%&¥@a§é§EQB %S§ %B@?&Eg

hi gher vol ttige, féow. oﬂZdhmmkms fnmmevna dibectlibn ©WhPohn¢amBUetmead|Iy be
done Jnoe, AdshpenhmP UL LS, AL TETRHELLEAMLIRG EhECLEGRYLe cEMd ) and

the weig e casé | s reduced e, at an voltage of
3.0 voIJt% fheeEnbpgpd I rihawyn rineBI§ o SAO V\ﬁBOVHII‘/YR@CJ It@let ﬁ@ﬁStanﬁl ng a

pol yet hyl engngepayakaz da£rim  chPEbR28; 8L ranhakiREORYheNg gepar at or, the
effective el ectrode resistance may be reduced even furthér, allow ng t he

time const ah¥2BFVEREIFRTFESTaRes capabet bPWEseHd F@&ﬁae@&téméﬂéﬁ%l 1.0
seconds. 35t1%aﬁsah@vr€&ts9é @@ﬁfexﬁtlefnsw Qnseﬁla) car¥¥q @%%%38&

- PCT/1JS00/ 20.t 37 HEF 2004 feferrln 38 g g g nd Table 5, the
advant ages .of the her 6% b%pﬁﬁ% 9%8“ epfe @du a NWhaci t or
are di siussinito Thhel itfoaw A2 Gnoel enéroahlsmxcahb@apwnﬁabsemzloowrng:r&

non- 2dueous By EOLLAINLS SaLb OB 68D BERXENIe] hhaRn eUTE! hsepe, 1

used in the capacCito the ux o xygeﬂ’and
wat er |rHCJQ¢QM§éfhedTheiﬁbrh%tbelsemed»showﬁyernp¢m@&n¢hﬁn smal | sized

capacitors shpreghle i'di IPa®tefh SCHRONYY EeWBhUTR 53R brSeals area i's

similar to that illustrated in FIGS. 4B and 5B, filling

20 about 2/3 to 3/4 of the available tow volume at the point
where the bundle is exposed at the surface of the cloth.
This is approximately 1/4 through the entire carbon
cloth, having a similar cross section view as shown in
FIGS. 4B and 5B for the individual carbon fiber bundles.

25 The weight of aluminum, using the jet spray
technique, retained on or in the carbon cloth is
maint;ined at between about 20-30%, e.g., 25%, of the
total weight of the carbon cloth plus aluminum, or about
15% of the total weight, including the electrolyte. This

30 is compared to about 50% of the total weight of the
carbon cloth (either the carbon cloth of FIG..4A or the
triple twisted carbon cloth of FIG. 5A) plus aluminum in
a conventional wire arc spray technique. The reduction
is weight is largely attributed to the reduction in the

35 layer 124 of aluminum deposited on the surface of the
carbon cloth.



10 very small; thus, an influx of noisture has a nore profound effect than
a Iargﬁy ﬁﬁﬁgg' tor having nmuch nore electrolyte volunme to capacitor seal
area. a% e d(bel ow) shows the water vapor transnissi ofCTH®R0437r ough
different types of polyners and glass. It can be seen 15 thafl @ FEB 2004
transm ssion rates are orders. of magnitude higher in polymer materials
than in glass. It can also be seentHKat the transmi ssion rates increase by
at | east an,order of nagflitude gé tgf terrgerature is increased from75 to
110F. The efARRTAGTUTRCOT nRPERGEHC261Y SRe AR sHouPlatAY SR caRagitor
contam nation level is showm in FIG 25. The capacitor design as in FIGS.
12 through 24 (i.e. R as_a_co risop,wwth a simlar sized
capaci tor wi t hout her%%%‘?%:nse |§a§g8n§8rﬁ§?{r§§?% ‘g’e%qré%‘“cﬁﬁaw?or). The
capaci t or patkablesi@ssesrdthetisaf bdr 26hencaridadn 5f iver Folothespurhpeses of
this test, i S04 he: capagi \ no The
package msﬁﬁlﬁﬂw@% appr%ﬂ?ﬁ%?ré?%e%gl%ﬁ %ﬂ%’ﬁg‘éﬁgﬁé?’é ggg?ﬂ'l on with
a cont afl natioYPs K| CHPAD phathat eFe Termed| (Blawk &0kt ethéo 60C and 30

peri odi cal lgaFiswVerbé® eheek §91;vater 99@6%@%% Yhyifpse test results
a

.are shown in FIG 25. Similar,tests with herneticall'y seaf ed packages show

that this iR GIRTPLLMantAaPeoRseAnibeEhg RIRFSNL el i ni nated with
t he i nproveohizehiner3s dhea idwuBBselapeti égpachi®ved Mid b SaRAELLRR

enpl oyi ng il ' C I with a hernetic seal is denonstrated by
conparing t eﬁ@%gﬁaﬁggﬁc {ee?i%‘ﬁféca%f“?%es'v\o 01/ 13388 PCT/ US00/20.137 1 0

FEB 2080- 59 capaci tRefefsingsto hBIGC202 anshdure RC dlhedder AE1d8ei s an 8
farad capaijor 4 hetr SN apisi fn 0 2821~ JELAG NAEIRULG spal . The detail's of
‘ own W Fef hc

this design of the capacitor and Seal are s @ to FIGS. 12
5 24. The SdAtHTIA RH@hoirerhiti taleporetenmebitaucsh dietmet pceces of

al um num f @idal)hait e Hgar sesd ' Sl | i |
“capaci tor hasa én active area of agﬂfr\(l)&}}%a?le y 2%%’*#2%%2@‘@%&36&% ch

plots the & it ahdcl drarftfe Hieliaking harier 44U@nd on Hirsd tine for
t he t wa5Scaparirteort desllErtorT AR E 513§ er Vapor Transm ssion Rates Sealing
Mat eri al 73% Rel ati ve %fgel: ati veHum di tg/ @73FHun‘i di t}/ @

110F( g/ 2/ day) ( g/ n2/ dayJSity &om, & - 4ng Back to FlG. 23, a

0. 358. 215FPyeldsgiinagyn G t2ts N forh bty 118 Sfdwy lane hdakibr P opy| engBut yl <0

. 0050. 1420 14 r 0% Rel..co i
filmHum di t§ i?G)eg%s %%%?g&%%%g{%?%lﬁg Ffeor%rg)e(%s(fb%aoﬂf a%?‘uo? $ shown
‘25 il ustr3afPen§ams s Sheotn dim BFESin YAl thatagixi22 )vdrss s téti@lon an

absci ssa aghagel @« I8ty Gal douk] I, C ' (e. g.
uC20) . Thepg Saciofgrﬂﬁlr{t?gtsﬁtt:tlgglél%s Isz%@g% was %ﬁﬁﬁ%&’d %ﬁ-%&éurl yn

i onomer / meCARSCoMFEG e AR 3% thrbBIRch akuyre rem oitharkeaderent of

the non- hepimattiecaldlzy isealyed U} Gnddey/ &8 CARAGE AR @3R8 fid PRS0 REM to over
- 190 ppmin_just 2 ' in conmparison . the nolsture content

of the hermeti cal %%’Jslgarhzedg@ i ejreta‘?“%&g’%n?%iatr& 1('15-%“@@ 19} Fhet
negl i gi bl yheadegeliateons? "ixhaurglass~-to-metal seal 138 for pass
25 through type terminals (Block 22 of FIG. 23) A first
terminal 134 is installed in the header plate 132 such
that a herme.ic seal or glass-to-metal seal 138 is formed
between the first terminal 134 and the header plate 132.
The glass-to-metal seal 138 insulates the first terminal
30 from the header plate and provides a seal sucﬁ that the
leakage of contaminants is substantially reduced from
entering the_ double layer capacitor. The advantages of -
this feature are further discussed below. The first
_ terminal 134 is a passthrough terminal which, as shown,
35 passes through the header plate as shown. The second
terminal 136 is also ‘installed (welded) to the header



WO 01/13388 - 60 PCT/US00/20~37 1 0 FEB 200 As can be seen, the use of the
herneti§¥agil Bsslgnlflcantly reduces the influx of noisture into the
capacit é%’ t hus, noisture content can be successful IPfTéQ?P@%ﬁeﬁwfor a
significant period of time 5 using early designs in accordanc

enbodi nent described herein. It is ant|C|pated however, that further

devel opnent in the drying process el 4k rol yte preparation t he

gl ass-to-netal seal, and the meldlng of the_header plate to tEe case and
the bal | beaPRa&et d3Che F@Ehéaaéﬁrp ARECWLPR r COTIRYE YR SbER aRETREDG LS

i ncreased | eyals apfa hereyetaisc ey aadthbusjle@mmelamg@/eay i1ms | herdoubl e
| ayer capacitor. Referring to.F 6, f graphs |s hown,_ of

per cent age cf8RGE Sﬁa&ﬁyb Fﬁ&?bgéx%§°@eﬁﬁi?%5:§§ ﬁ G abchgga axi s

for capaC|tastatan@ffmnsawmeunal festitianeaboid imerdn-tier ieervetiy sealed

a hor mot | 2ol 1Y CRIRNEY SR RATPE, SRRRTRAT RE AN e Bl EORATET O

observed t hath20castesr nal resistance remains | ow, and capacitance renains

high for an extended pefijeofieheltiiB sahliehy! Ba dENUHAGIM L] Ofed o1 gpubLe
| ayer capacitor having a hernetic seal. as described herein, as conpared to

a non- her met FeAPRFesk At $1ddGBI & 6FAYer B@Eﬁ’é‘cot"d-rde 25 A% 4 Awrinavention
descri bed abqes)hapdieass idesoxibed (hk)esss ivn :mameflprenbodnaents and

applicatjgns_th reof no i,cati ons an could be nade
t hereto w tﬁ'&§ %lﬁma @flﬁhe i?gl h(?ﬁ‘tow(fe a{’reu r@;%’r% t he scope of
t he |nvent|oprsg@r&ﬁehom&hchatbd @h&hngﬂaséwmdxwéﬁﬁﬁﬁseaBll3€LAIWB What

I's claimed 'is 91(9%%%&?Qh£%7§%e FE@@g%QO%xiaqéléﬁﬂéﬁdf@bﬁQPQEﬁﬁBﬂyer

capaci tor cofprisrng | ectrica
i nsul ati ng hawrtshi ¢hedalofi ther peedérbelwden 1t3Pe sfughstthat nthel génasrhe

_case, ‘to-metal seal 138 and the header plate 132 will expand
15 and contract the same in order to effectuate the seal in
a range of temperatures.

TABLE 3
Physical Properties
Property _ Units
20 Thermal Expansion 56x10”’
Thermal Contraction 71x1-10"7 521-25°C
- Strain pt 479 e
Annealing pt 521 °Cc
Softening pt 710 °C
25 Density | 2.32 gm/cm’
Dielectric Constant 6.7 25°C, 1MHz
Loss Factor 4% 25°C, 1MHz
Volume Resistivity @ 150°C 11.76 (log 10)ochm-cm
Volume Resistivity 8 250°C 7.1 (lbg 10) ohm-cm
30 Volume Resistivity @ 350°C 5.7 (log 10)ohm-cm
Voltage Breakdown 2.1 KV, 304 SST

Furthermore, it is advantageous to have
capacitor terminals that are solderable, such as to a



a first current collector foil electrically coupled to an interior portion
of the Woa@tissggrmnal; 10 a first netal inpregnated carbgn cloth el ectrode
having a netal inpregnated side, the netal inpregnated sPOEY80VIRY £ r st

metal inpregnated carbon cloth el ectrode being juxtaposed agai hgt FEBeQf4i r st
current collector foil; 15 a porous_ sgperator juxtaposed against the first:
netal inpregnated carbon cloth electrode; a second netal inpregnated carbon

cloth el ectgopee bavi ; ' e t i de. an.opposing_side of the
second neté? inﬂ%ggﬁggg %ggﬁgéﬁagth%%§5§g€;ﬁ%%ﬂ% ngﬁﬁeOpp6§iP€dﬁﬁé net al
i mpr egnat edc%i BRX®f theef Eegbnliermdnall ilddr egicht telle caebondcketrhiglhact r ode,

the opposi s &igle1@Eribee SeeRBArABER! tiTRIiGAMAL £54 C2LR0RLE! QLA elect rode
bei ng j uxt aposed agalnst he porous separator, whereéin tHe 88F8G§ separ at or
i s interposetr 25 et WY ReCPIPELSRE: 8IF iamprlafnbren cambed tkominal

el ectrode, @andc tfhkasboondco®tall noRyeaRALAd LEFHON @{a?gg%g#?ggfnf’dggi ‘;‘g

Ut aposed ST Thethas oo s6hAFpFBonACEd MIAke Of L1 hebsceohdensbar,

i npr egnat ecarshrifon o kybdement tsdesed seperd iterHa®ah ghgsisical |y coupl ed
to the sec o) Il _and.an el ec{rolyte solution

saturati ng%e%%égét“%% An%?‘gﬁt’g%rf‘r%?eaﬁg?gﬁleé‘r bAPE | SPREEREELPBARS and t he
second net A°aSheyratass the bostal oshadl ecsrod@otiepEabihte ando Oi i i 33ss
- 62 RGT/ kbIGHhdB havd fﬁﬁsiggp%slaegﬁgq!e%% 0t U olLLe sypstantnally

contai ned by fhe case and the electrica ins ng her et FEPERELONand
wherein in RNEIAREEAR &S Hhe ghasersermeitale swAlit198. i sTeubstanti al |y

i nhi bi ted bherheclmasmmichd he frel espoieal by iNKAhNY bsupBLi gngeal - 2.

heut 1P B S SRR Simohe P, YELL) Pepandonbl shetyer
capaci t or SRME) r@tE M tiwerglassato-hetal el nadg conpriers mol ybdenum
Corm A RSB U MG EREC R0 RL o8 S ST et
| ayer capaé‘i"ﬁzoﬁiéfi_lrs'ldtéia_m ZXhetermisald gamad:mémsgagt@gaelgg?pl at e,
mgr ?: pst hggiéﬁ%{jﬁg;&gﬁ%ﬁ%i B?%{'Z%thhgtse%%ialfﬂ n%lgarg}?sgge .e neen
. seal 138 or reduce the effectiveness of
the glass-to-metal seal 138'by allowing leakage of the
20 electrolytic solution. 1In a very small design, such as
the hermetically sealed capacitor shown in FIGS. 12
through 24, preventing this leakage is an important
feature, and thus, the glass-to-métal seal 138 is used.
Therefore, the particular selectioh of the platinumized
25 molybdenum for the first terminal 134, since it is a péss
th;ough terminal is important to the life of the
capacitor. The second terminal 136 should be platinum
Coated for solderability, but is 1ot required to be a
molybdenum wire since it does not pass through the metal
30 plate 132,

The platinum coating may be applied to the
molybdenum wire in a variety of ways as known in the art,
such as dipping or diffusion bonding. The platinum
coated molybdenum is passed through the header plate, and

35 then a glass-to-metal seal 138 is formed between the
Platinum coated molybdenum and the header plate.. The
Platinum coating is about 100 micro inches thick. Other



a can, wherein the header plate is welded to 20 the can. 6. The long life
doubl e Bl33gapaci tor of Maim 2 wherein said electrlcal ting
hernetygﬁgeaﬁ conpri ses one or nore of the group con3|s€{n6kgﬁﬂg?1lca,

boron oxi de, alum na, potassium oxide, sodium 25 oxide, and |i1Igi BEB Qapide.

7. '.The long life double |ayer capacitor of Caim1l wherein said case
conpri ses a conductive case. e. Thélﬁﬁufllfe doubl e | ayer capacitor of
Claim 7 wherein said conductive case conprises stainless 30 steel. V~' O

01/ 13388 P@RNe0? 8-1aY Pegused, 2apsteagzofgmoyddesig | isuehdasbl e | ayer

capacitor afitdiunmi KWBGRQeR Saiidahiuf! iBEmakrel FRAGHANRI tHlagCt r ode
conprises: a fir t carbon cl oth el ectrode; 5 a netal inpregnated within a

tow of the WHMRFCRBer cloth. 10. The long life double |ayer capaci tor of
Claim9 wherein said Aghdh watSekefEednbeombaFgGoup3qomn:Hlpq;aﬁiem um num

copper, an att'}{ a@éu %an?;lthlh%tlr%g IIff %a?gﬁ?l %&b@iﬁr %Q:W'aac'tth%r of

Claim 1 wherein sal rous “separatof, can W exposure 't o
t enper at ur eiixfen €0 25§t9rf6Plé§rﬁééspﬁﬁpapeﬁo 5 Anifionsds :steP ithe | ong

life doubl epﬂélY@flﬁ?pﬁﬁlet eﬁrefen%S'co%ab%i-lf\e/e%eu@ 3 QRRARUS separ at or
materi al conpri ses The Tong |I'ife double |ayer, capaC|tor of

Caim 1\MN%&HW#@H@dfeaéetéaﬁ“wﬂPﬁ§PéHﬂaéﬁp§§§ﬂ§e@odﬂéﬁﬁéﬂéﬁhr6§Q§R up to
250 C Ior Reyd 0dsaRd t'ﬂe'hodaezgug‘ QFlEet%Iu;ﬂFu%tho'l?ng:d e gudliad ayer
capaci tor n_said el ectrolyte sql ution conpri.ses a

g A TR A IR R AT e Rl A N
capaC| tor dfo2xKz acnrfénmhebellrecaardhael ecﬁ;ﬁdcsmle\s@]tofcorrprl ses

acet oni 11 lueulo PLORKLEN® ¢ BH0NALS L 10 rT0° (b0 Ll U Jcpver

capaci t or eréin sai
tetraethylémmﬁﬁmmwG@ﬁﬂ&ﬁt@ﬁré@@d&t@r@rformed The flrst current

collector foil 130 (to have a positive polarity) is about
"15 44 mm long and. about 25 mm wide. The second current
collector foil (to have a fegative polarity) is about 62
‘mm by 25 mm.
One edge of the first current collector foil
130 (block 212 of FIG. 23) is bonded or welded to an
20 interior portion of the first terminal 134, which passes
through the header plate 132 at the glass-to-metal seal
138; thus, providing an electrical connection between an
exposed (or exterior) portion of the first terminal 134
and the first current collector foil (130), which at the
25 same time insulating the first current connector foil
and the first terminal 134 from the header plate 132. An
insulating barrier 140 can be interposed retween the
header plate 132 and a top edge of the cuirent collector
. foil 130 so as to further assure insulation of the first
30 current collector foil 130 from the header plate. The
second terminal 136 is welded to the header plate 112
such that the second terminal 136 does not pass through
the header plate 112. The second terminal 136 will
electrically contact the header plate. .
35 Refefring to FIG. 13, a top view is shown of
the header plate 132, the first terminal 134, the second
terminal 136, a f£ill hole 142, the glass-to-metal seal
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1 0 FE 4 .- 64 17. The long life double |ayer capaci . im1l
wher ei ﬁlég%s""g?ect rically insulating hernetic seal can \ﬁ%&hjssﬁgﬁ%ix osure
to tenperatures of up to 250 C for periods of up, to 5 ninuté } FEB180% The

long life double | ayer capacitor of Claim1l further conprising one or nore-

crinps formed in said case for exerfiﬁd & nodest, constant pressure on an
el ectrode assenbly contained within said ;ease. 19., o) i fe double
| ayer capaciit3fr. 1@P¢okpei §+hgt %uﬁﬁ?ﬁgtFeﬁﬁﬁggéa?ghf\cg%(g?“%vHI‘%SB??Py of
nmetal i npregratasy etécthedesteri@AChohaYbAgod bReaitspregnadesl sisle, a
plurality of current cQllector foil ach,15,j apes agaj ns _
respective one of the %Ft?ﬁf%?? B?xﬁeﬁglgﬂﬁﬁﬁegégtgg gﬂ%bg?%ﬁeéh%gainst
said netal ielEregrededpackageal pofousedepaFatsr wateh¥edgipod?ti oned bet ween
respectiye qgﬁﬁlgéf%@g Qky%a%iggegg'netal i npregnat ed- 20 el ectrodes; and a
oly u

non- aguedus “electr te solution saturating said plurality of netal
i mpregnat ed el ect r odesReGREFENG BOnfiFEE: - Feclr §4EST SFRGPRN cetPeHevice i s

f Orgeg_- 20. -tc_Tlf’@vi.x:\Ofga ~l|’1£\ia/ftﬁgd9é|@hei}nﬁi‘éénﬁ@@laciwtieﬁ Qiuxaﬁluﬁh ajgn ﬁ%“% ein
sal lerneti Ca seql ed ¢case CO rse SS-to-neta (S} . e
long |ife d&UMf% %& e%“EﬁEéBFtB?rgEOEI a?m%bg %%‘é?gi ﬁe’é’&’r’&aglgiglt‘é-lﬁﬁt al
seal can wi tdistandmenpaseidet oft enpetatbvas fdbeupclotR5D4 £ boingeri ods of
30 up t

30,2, 96° BIHLER. offantRochingy EESSIRYELE LBIBheERPIEAieragh, Chai m 20
PCT/ US00/ 2083 Hio OcF&EBt2084leow65ontRetotesaistaplcer akecyr bfahet al
i npregnated el eclrodes Loequal $RLdr9lasschouTR! 2insfakioth 144 and
the first current collector foil 130, and, in turn, to
create a low contact fesistance electrical connection
15 between the first carbon fiber cloth 144 and the first
terminal 134. The first carbon fiber cloth 144 forms a
first electrode 146 of the double layer capacitor.
Referring to FIG. 15, a top view is shown of
the first electrode 146 including carbon cloth, the first
20 carbon fiber cloth 144 having been impregnated with
aluminum is shown folded over the interior portion of the
first terminal 134 and the current collector foil 130,
with the aluminum side of the first carbon fiber cloth
144 being placed into electrical contact with the current
25 .collector foil 130, so as to create a low contact
resistance electrical connection between the first carbon
fiber cloth 144, and the first current collector foil 130
and first terminal 134. Also shown is the header plate
' 132, and the fill hole 142.
30 Referring again to FIG. 23, it is seen that in
' addition to preparing the impregnated carbon fiber cloths
(blocks 200-202), and preparing the aluminum current
collector foils 130 (blocks 208-210), a porous separator
66 (FIG. 2) must also be formed (block 214) by precutting
35 strips of separator material} such as polypropylene or
polyethylene. A suitable polypropylene-based separator
material is commercially available. A typical



23. The long life double | ayer capacitor of Claim?2' 2 wherein said first

term nak: ses 5 nol ybdenum 24. The long life double | ayer capacitor
of Ctaﬁhpggﬂgﬂ¥ther conpyising: a second term nal wher ei FCHHPY/20d¥0Nd
termnal is electrically coupled to said case. 10 25. The IoﬁbﬂlFE&Zﬁpuble‘
| ayer capacitor of Caim23 wherein said first termnal further conprises

" platinum 26. The long |ife doubl e Tdfer= capacitor of Caim19 wherein said

first t ' ri.ses | ati num 15 coat ed nol ybdenumw re. 27. The | ong
[ e doubl B LYRFOBYEOR DS BRERI0d RGCeinF SRR P¥ EREARYA0 - 001

i npregnat edietieesr ole ckQNENdS Gas anf akveragar ket d idpie Chot Bhod® IR
inpregnateq(igtgzthe tow of the first carbon fiber cloth. 28. The Iong Ilfe
doubl e | ayer capaCPPOr of Caim 27 wherein said second netal inpregnated

el ectrode conprises: Howaveecomtenanhodsf ideaireditdy wsldi Eapaak tert a

i i fi h. VWO 01/ 13388
ba 00 e abhing B kRS0 H-"E 1858001857 150 Tehd 28 P, CER e oo tor
of d ai m 28nak¥PdeRuBaterminalsaedrided dedicriibesl, e fal cateleattiet from

Lhe oroup GARSESbengath dolEhaUThtERRRE! cofpbnidllidilooedl: sIhgel ong ife
doubl e | ayer, capacitor of Caim 19 wherein said electrolyte solution
conpri ses &kl GRPRGLIEEFy EAFCaRaYabecPERPPEEIs A0t @ Fhermal| ong |ife doubl e

| ayer capacnwironheftadumrifgwihecsslaardngepesicrd 50! VEsE E9HBbh§€5

10 in an automated soldering process, it is estimated that
the capacitor case may be exposed to.up to 250 degrees
Celsius for periods of up to 5 minutes within a soldering
furnace. Thus, the internal components must be able to
withstand the heat. The separator material is the most

15 wvulnerable, since it is préne to melting in the event of
high heat. Such melting wbuld result in a short circuit
within the capacitor. buring tests, the polypropylene-
based separators normally used in the double layer
capacitor design,'in combination with an electrolytic

20 solution comprised of tetraethylamﬁonium
tetraflouraborate (salt) in acetonitrile (solvent),
failed (i.e. the separator melted) during the exposure to
such heat. Even when exposed to the same heat for about
10 seconds, some of the test capacitors failed while the

25 ones that did not developed significant parallel
conductance.

Thus, in the solderable terminal embodiments, a
porous Teflon-based separator, which is available from
W.L. Gore and Co., located in Elkton, Maryland, is used.

30 In terms of capacitance and resistance, the Teflon-based
separator is essentially equivalent to the polypropylene-
based and polyethylene~based separators earlier
discussed. The Teflon-based separator, in combination
with electrolytic solutions of tetraethylammonium

35 tetraflouraborate (salt) and acetonitrile (solvent), and
tetraethyammonium tetraflouraborate (salt) and propylene
carbonate (solvent), were able to withstand .a heat source



10 acetonitrile or propylene carbonate. 32. The long |life double |ayer
capaciwore1agssel ai m 31 wherein said selected salt corrpr|l§@ls,USOO/20437
tetraet hyl ammoni um t et raf J, ouraborate or triethyl met hyl anmoni

tetrafl ouraborate. 15 33. The long |life double |ayer capaC|tc%UcﬁE&i%Hn119
wherein said hernetically seal ed cagg can w thstand exposure to
tenperatures of up to 250 C for periods of up to 5 mnutes. . 34. The | ong

life doubl gfl QBQrdEQPééht@éIQiugofgauﬁ‘ £8 whenet el Cl:di’r?é?é'@er?@par at or
mat eri al cap w t hst and osure to tenperatures of up to 250 C for periods

of up to 5“%?hu?e§°§ge“?h8n?%n§°¥@?ﬁlﬂ%uﬁP§“P§9erWﬁﬁ*&n@ of Claim34
wher ei n Sapdlppfﬁp?léﬂﬁabaééd @ﬁaepbayeﬁﬂ éh&e%agédfﬁé -aBérs The | ong
life doublg %ﬁyg g Ba?ltor Cj?tn]L% ai d %hle | ayer capacitor
“can wit hst BRENe&BdLEHe ({08 téW%EY% Fest dP ﬁp to O%eriods of up to
5 mnut®es. i11UExHata838Be re§ﬁﬂfiEDﬂ/B@tthe51etEE@éﬂxwd37 The long life
doubl e | ay r 1 t risi 0 o[ _nore cLinps
formed in §é¥>§é§§§h%8, Bg% e%f%%eggéoggggr 'tt%ng%gahér:%ae%?ur% n2t ant
pressure o%SQaﬂegpPeFaFF%§l@$ ﬁ%@aﬁ ripuegaat efh®s dhanigedus, said

plurality ea,tasaitsﬂ&ecaéé eréPLigObl e, wil e SBHE PGS %q%gﬁ@@aiﬁépéagat erial
contained within said hernetically seal ed case. 38. nmet hod of making a

long |ife #Buble Fﬁ?é?té%ﬁﬁdWT%r°E%ﬁﬁN?§lHﬁtwfenlﬁﬂ@é&ﬁﬁ#YEF%.pIurallty of

el ect rpolessyltibiansetgl ng| pdpPDenadcar besReet bva ianutsHpt et si de of each
of the plura ectrode wt urality of current collector

t
foils; 15 ?ﬁ#%?%%érn &QpiOr%ﬁ%t%%bBFhf%rlﬁeFaEeﬁr 9 \ROLYERE: si des of
each of t hegpling atheypolypt ey Y edessesat atati g itlledl pinsktedy DR €hectrodes

wth an-elggﬁgg&ygg sol ution

TABLE 4
15 Electrolyte Capacitance (F) Resistance (ohms)
_ (Before) | (After) (Before) (After)

Teflon (w/TEA 10.5 10.23 0.129 0.200
TFB and ACN '
Teflon (w/TEA 10.02 9.94 0.376 0.394
TFB and PC)

20 Referring to FIG. 16, the porous separator 148

(either polypropylene-baéed or Teflon-based as described
above) is folder over the first carbon cloth electrode
146 (indicated by dashed lined), and sealed at its edges
using any of a number of well known heat sealing or

25 welding techniques. As such the porous separator
envelopes the first carbon cloth, the first current
collector foil, and the interior portion of the first
terminal 134. '

Referring to FIG. 17, a top view is shown of

30 FIG. 16 such that the sealed edged of the porous
separator 148 are particularly evident, as the porous
separator envelopes the first carbon cloth 144, the first
current collector foil 130, and the interior portion of
the first terminal.



20 sealing hernetically the plurality of electrodes and the plurality of
currend ocakisector foils wthin a case. 39. The net hod ?ET%S%/%@4?§ wherein
sai d sealing conprises: 25 interposing a glass to-netal seal between an
opening in said case and a first terninal; and ' electrical DyEBPki ng the
first termnal to one of said plurauh%y of current collector foils. 40. The
nmet hod of C aim 39 wherein said glass30 to-netal seal can mﬁthstand

e to tenperat p fo | f nut es.
v 03/ 15388 Pat usadrSher8indPEbRERRS £e' 06, BRCHE il LA e (MBS
wher ei n s&@ I EYynth hg &éﬁsrwgéb aﬁpaégmanung sd dearfiroring eoraycl oth with
sai d et aler oh? tHEGr 1198 £08upt ofkaLEN 4LcEBR! 808 158ib Jid AN
conprises arc sp t he carbon fi sal .
met hod oft%PmHﬂERQ%Wé%%?EaEQFdlﬁﬁpréénéPﬂﬁ@dcéﬁﬁF:&&?|Hﬁﬁqxﬁmu|ng a tow
of the scarsle@aﬂajﬁw pimtélwh&;gtfﬁél dn:irﬁtabr é@rﬁ&onﬂb? nf@ié;giﬁtmgnﬁ'mm 43
wh t selected fro e consi_s
COSLZL? - I q$§ﬂ1 &hgﬁesﬁEPthcan a'ﬁpﬁ§ et fPIMB@egnat i ng
further cwmpmm@bekaaxsmmayoﬁgthaldonbnal1a§etnbadﬂaiﬁmﬂbon fiber cloth
with a jet arc sprayozzlg, ;46 r;[@grggkgogoo}Ig I;_ tS?a %2{3 said

‘o

i nt er posi ng conprises I nferposing sald porous” §€pa sai d porous
separatorC@&ﬁ%ﬂﬁlﬁﬂkﬁﬁp%ﬂboﬁeié ﬁéotéﬁpéhawUrégldhdupvma 3@ Cf or

peri od® OkedRnldo A rdbir AVEER- 146- aIBﬁg”EBQOQnQEr 3 ?d@%f@ﬁ”&f ndi d
por ous se%arator ConpréfefBEef%he secbnd current colle to %?%Pugzplayer
capaci t or L¢&fr it&FAD ctor foi
extends fully over one half of the aluminum side of the
second carbon fiber cloth 150, and half way over another
half of the aluminum side of the second carbon fiber
15 cloth 150, so as to leave one half of one side of the
aluminum side of the secon carbon fiber cloth 150
exposed.
Referring to FIG. 19, a folded electrode
assembly 151 is shown in which the exposed half of the
20 one side of the second carbon fiber cloth 150 is folded
over against the portion of the second current collector
foil 152 extending over the half of the other side of the
second carbon fiber cloth 150; thus, bringing the exposed
half into contact with the second current collector foil
25 152, and creating a low contact resistance electricai
connection between the second carbon fiber cloth 150 and
the second current collector foil 152 along the entire
aluminum side of the second carbon fiber cloth 150.
Referring. to FIG. 20, a side view is shown of
30 the header plate 132, the first terminal 134, the second
terminal 136, the first current collector foil, the first
carbon fiber cloth, the porous separator, the second
carbon fiber cloth, and the second current collector foil
having been assembled as described above. These itens are
35 referred to collectively as a capacitor sub-assembly 154.
Next, The first and second carbon fiber cloths,
the porous separator, and the first and second current



25 coupling a first current collector foil to an internal portion of a
first warod/13a88 folding a first netal inpregnated el ect ﬁ:@(ﬂmswﬁgﬁ he
current collector foil; placing a porous separator against #hg FEBr®f4 30
met al i npregnated el ectrode; WO 01113388 - 69 PCT/US00/20~37 1 O FEB
2004 j uxtaposing a second netal inpr ated el ectrode agai nst the porous
separ at or coupling electrically the Second netal inpregnated el ectrode to

a case: 5 sBRULALAY HBerLl T Shoraal iy sanalah deptuade gnd the second

nmet al i npregnat ed an el ec te so 1 on d %eal i ng
her net i cal F¢chR 2%, PHAEEeSH tise tol det ﬁMWﬁ%ﬂ it preissirg ofnt ai ned

W thin theapase ﬁ@o@ngswb@o&w rzleawsfofpxldmw)t'esméﬂc%rtb%% mﬁg&rol yte
solution is Slé stantia aired. 49. The .method of Cl aim 48 erein said.
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Cl ai m 49 S apo I,d second -net al
ot ognat eHUBRAAS ote BYek SRRl SpaTGuE 2Bty ST SOtk B oBRoMYof O af m
50 wher ei nabaud Z-tStZJQlis)Ll nFhelseceducilion donmhes ahigknesapesi Rjea second
current CORhegiRl #oblr AUgLehNEraneqaduetal I PAIALEY BlRelLRIS: and

contacting the second current collector forl e case The

met hod of €N FYECkReERePLcSher RIMAG NN regeaniate s siagbiinr Sibeet al

i mpr egpat edleltactépéi@taadegal ¢heecaadeamhaly | %Wde%@tae%‘ah%‘e%ﬂdﬁn"“ th a
metal . 53., The od of O aimb2 wherein said 3 | npregnating further
conpri ses Fhﬁrggﬁeﬁ;ﬁagﬁ Ffaﬁg.gtance Rg, of the alumlnum impregnated

carbon fiber cloth electrodes. Further, and more
importantly, application of the pressure smooths the top
side of the carbon fiber cloth 92 (smooths out the

15 valleys and peaks) so that more surface area of the
sprayed aluminum layers 124 (FIG. 4) on the first carbon
cloth 144 and the second carbon cloth 150 are able to
" contact the first current collector 130 and the second
current colleétor foil 152, respectively, so as to reduce

20 the contact resistance R. of the double layer cépacitor.

The capacitor sub-assembly 154 is next

carefully inserted into a case or can 156 (block 224 of
FIG. 23), so as to bring the second current collector
foil, which is exposed at an exterior of the capacitor

25 sub-assembly 154 into electrical contact with an interior
of the case 156 and to bring an edge' of the case 156 into
contact with an edge of the header plate 132. The header
plate 132 is next sacured into place by welding, thus
making the case sealable (block 224) and bringing the

30 header plate 132 into electrical contact with the case,
and second current collector foil 152. The second
terminal 136 having been welded to the header plate 132,
and is brought into electrical contact with the case, and
the second current collector foil 152, such as the second

35 terminal 136 is in electrical contact with the second
electrode and the first terminal 134 is in electrical
contact with the first electrode.



carbon fiber cloth and a second carbon fiber cloth with said netal, wherein
said netal penetrates into a tow of WO 01/13388 PCT/ US00/ 20.137 1 0 FEB
200 - wOoidsesfirst carbon fiber cloth and the second ecambismhidser cloth.
54. The nethod of Caim52 wherein said netal is selected fAiqnFEBe20@H oup
consisting of alumnum 5 titanium and copper. 55. The nethod of C aim 48"
wherein said sealing hernetically-®@ ades: form ng a gl ass-to-netal seal
bet ween anot her portion of said first termnal and said case. 10 ~ 56. The
met hod of O ai m 55 wReferyisgi §osEAFPng2har FBEPEEN 2 ¥ urkher incl udes:
“5|d'ng a ?ﬁgggithg %uﬁﬁ%@é@%@ﬁg'QSEhﬁab@ﬁgebeb&PhW@E%ﬁéufQﬁﬁ§5thQ'WEta 1

seal . met hod Cl aim55 further 15 sel n
naterlal ' f 6AS8al§6f ikSs tShOsN WAIEDhEPENEA aecgg gﬁpqﬁrtﬂg?%ﬁlgéﬁpan5|on
SUbSta”t'ahEV1C?”bb%h W@l@e@oﬁbfmﬁbeﬁﬂgéftheh@abaexpamSGOH Blsgl ass. 58.

The met hod of
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sel ecting pbaki num.pl ated bally Mearinmg6Q61The metthowk lafeds tinnpSaceher ei n
Corminal ¢ RBE s BOR A &1 335 24P PhuBn gt Al L 0T
conpri si ngs¢ehetures dsatefidraied do Sareipopsushsesara®iteRat can

wi t hstand gx Qﬁﬁl% t3gd enperatures of up to 250 C for periods of up to 5
01113

m nut es. 388 PCT/USOO/20 137
10 Referring to FIG. 21B and 22, crimps 162 are

shown that are forced into the side of the capacitor
assembly 160. The crimps 162 are formed (block 226) by
indenting one side of the capacitor assembly 160 with a
crimping tool. The cfimps 162 are shown on the opposite

.15 side of the capacitor assembly 160 as shown in FIG. 21A.
The purpose of the crimps 162 is to apply a modest,
constant pressure to the first and second electrodes
having been folded. The crimps 162 bring the first
carbon cloth 144, the second carbon cloth 150, porous

20 separator 148, first current collector foil 130, second
current collector foil 152, and case into close physical
contact, providing for good electrical contact (low
resistance). The crimping helps reduce resistance
between the components as well as slightly compress the

25 impregnated carbon cloth to effectively reduce the
internal resistance of the cloth. The modest constant.
pressure, in part, enables the double layer capacitor to
achieve high capacitances. The crimps 162 further serve
the function of adding structural integrity to the

30 capacitof assembly.

Another feature of the hermitically'sealed

capacitor or capacitor assembly 160 is the first terminal
134 and the second terminal 136 are such that they may be
mounted or soldered directly to a pfinted circuit board.

'35 The size of the capacitor assembly 160 and terminals are
minimized., The first terminal is insulated by the glass-
to-metal seal from the case 156 and the second terminal
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closed assembly, via the fill hole, and maintaining a
30 constant negative pressure of about 10°° Torr for a
specified period of time, e.g., 48 to 72 hours. Once
dried, the assembly is tested for leaks (block 232).
Such leak testing may be done using any suitable
technique as is.known in the art. A preferred leak test
35 includes spraying an inert gas, e.g., helium (He), over
and around the closed case while it is still connected to
the vacuum pump, and while a negative pressure is still
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for impurities (block 240). It is important that the

amount of water in the electrolyte be reduced to less

than 20 ppm (parts per million), prefcrably less than

about 15 ppm. If the level of impurities, e.g., water,

.35 in the electrolyte exceeds 20 ppm, the operating life of
the double layer capacitor is adversely affected. It is

important for impurities, particularly water, to be
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(It is noted that some additives may be added to the
electrolyte, e.qg., to enhance its performance or improve
5 the operating life of the capacitor; but water should be
avoided in the present embodiment.)
The water content of the solution is measured
using a coulometric titrator, as is known in the art. A
represehtative'titrator that may be used for this purpose
10 is the LC3000 Titrator available from EM Science
Aquastar. ‘
Unfortunately, some water may already be inside
of the closed case assenmbly, despité attempts to
thoroughly dry the inside of the assembly. For example,
15 water may be trapped in the activated carbon fibers of
the carbon fiber bundles of the carbon fiber cloth. Such
trapped water may be released into the electrolyte,
thereby becoming an impurity within the electrolyte, as
soon as the impurity-free electrolyte is impregnated into
20 the case. To remove such water (or similar impurities)
from the carbon, it is contemplated that the closed
assembly be flushed with a suitable solvent, e.q.,
acetonitrile, the electrolytic solution, or other water-
~ scavenger material, prior to filling the case with the
25 electrolyte. It is also contemplated that the carbon
fiber cloth, prior to being impregnated with aluminum,
and/or after being impregnated with aluminum, but before
being assembled in to the aluminum impregnated ci:cbon
cloth electrodes, may also be flushed or cleansed with a
30 suitable ﬁaterial selected to remove impurities,
especially water (e.g., water scavengers or additives
that search out and remove Qater).
If the electrolyte solution successfully passes
the impurity test (block 240), it is also tested for
35 conductivity (block 242). The conductivity test is

performed using a conventional conductance meter that
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Generally, final’acceptance tests include
charging the double layer capacitor to its specified
working voltage, Vs, for six hours and then allowing the
double layer capacitor to self- -discharge over a fourteen

20 hour period. The voltage drop that occurs during this 14
hour self-discharge period provides a measure of the
equivalent parallel resistance of the double layer
capacitor, which should be at least 40;000 ohms.

Additional acceptance tests that are performed

25 1include subjecting the double layer capacitor to a
constant current cycle test to determine the cycling
capacitance and steady state series resistance. This
test is performed by applying a biphasic 300 milliamp
and/or 1 amp current to the double layer capacitor. The

30 voltage waveform resulting from application of the
current is measured. From the current and voltage
waveforms, which includes time measurements, a large
number of parameters are determined to characterize the
capacitor. Such parameters include the charge

35 capacitance, C,; the discharge capacitance, C4.n; the half
discharge capacitance, C,,,, and the steady state.
resistance, R.. In order to meet presently-imposed
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power the double layer capacitor can deliver. It is

. measured at 1000 Hz using a Solatron 1250 Fregquency

Response Analyzer and a PARC 273 Poteniostat. R, should
be about one-half of the value of R., or about 65 mQ.

o As described above, it is thus seen that the
present embodiment represents a significant advance in
the double-layer capacitor art. The use of carbon fiber
cloth impregnated with aluminum, folded around a current
collector foil plate, forms an efficient electrode
structure that provides vety low electrode resistance.
As described and shown; a double layer capacitor is‘

‘'realized that exhibits capacitance values in excess of 10

Farads at a nominal working voltage bf about 2.3 volts,
an electrode resistance of about 1.25 mQ, a time constant
of about 1.2 seconds, an energy density in the range of
2.9-3.5 W-hr/kg, and a power rating of over 1000 W/kg.
Advantageously, these operating parameters can improve

‘-even more when the double layer capacitor is operated at

a higher voltage, e.g., 2.7 volts, or even 3.0 volts
(which can be readily be done once all the impurities are
removed from the electrolyte solution) and the weight of
the case is reduced. For example, at an operating
voltage of 3.0 volts, the energy density rises to 5.0 W-
hr/kg. Further, by using a polyethylene separator
material, instead of a polypropylene separator, the
effective electrode resistance may be reduced even
further, allowing the time constant of the double layer
capacitor to be reduced to around 1.0 seconds.

Glass-to-metal seal (Hermetic Seal)
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10 very small; thus, an influx of moisture has a more
profound effect than a larger capacitor having much more
electrolyte volume to capacitor seal area. Table 5
(below) shows the water vapor transmission rates through
different types of poiymers and glass. It can be seen
"15 that the transmission rates are orders of magnitude
higher in polymer materials than in glass. It can also
be seen that the transmission rates increase by at least
an order of magnitude as the temperature 'is increased
from 75° to 110°F. The effect of the increased
20 transmission rates on the water contamination level is
shown in FIG. 25. The capacitor design as in FIGS. 12
through 24 (i.e. PC 10) was used as a comparison with a
similar sized capacitor without hermetic seals (non-
hermetically sealed capacitor). The capacitor packages
25 used measured 25 mm X 44.5 mm. For the purposes of this
test, the internal components of the capacitor were
removed. The package was filled with approximately 1.5
ml of electrolytic solution with a contamination level of
. 30 ppm water. The cells were heated to 60°C and
30 periodicélly removed to check for water contamination.
These test results are shown in FIG. 25. Similar tests
with hermetically sealed packages show that this increase
in water contamination can be virtually eliminated with
the improved seal.
35 The increase in life achieved with a capacitor
employing an organic electrolyte with a hermetic seal is
demonstrated by comparing the life characteristic of two
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Sealing Material 73% Relative 80% Relative
Humldlty @ 73°F Humldlty @ 110°F
| (g/m*/day) (g/m’/day)
Silicon , 0.35 ' 8.2
15 Fluorosilicon 0.24 6.5
Nitrile " 0.10 3.8
Ethylene 0.01 0.41
Propylene '
Butyl , <0.005 0.14
20 |Surlyn _ . 0.14
ionomer/metal (LO00°F, 90% Rel.
composite film Humidity)
Glass <0.00005 <0.00009

Referring to FIG. 25, a graph is shown

25 illustrating moisture content on an ordinate axis versus
time on an abscissa axis for a non-heretically sealed
double IAyer capacitor (e.g. UC20). The capacitor
illustrated in FIG. 25 was packaged with a surlyn
ionomer/metal composite seal. As can be seen, the

30 moisture content of the non-hermetically sealed double
layer capacitor rose from 30 ppm to over 190 ppm in just
200 hours of operation, in comparison the moisture
content of the hermetically sealed double layer capacitor
(i.e. PC 10) that negligibly changed in over 700 hours.



101 |
101 11X g#10% 1 & ()-31'S g#l0%A& ()-31\ " g#L0%& ()- 3! X g#10%&: ()- 3! S g#10%F&
"()-3KI xI grP. 11 1" - #10% () - 31 #C - #10% () - 3! - #10%& () - 3,

_109%&' ()- & 10%& ()- 910% () -

101 T QWUB, 1111 - #1006 1 & ()3 a' - #10%s& ()-31 S - #109& () - 31 D' - #10%: () - 3! @
CH10%& (Qdl;

‘-#10‘V&'(‘})O?bé'&§%’per PLIf - #10% f & | 889" 100&' ()-/!, & $10W&PET/-U!SP&§?‘§?F%JB0%% " o
"& ()-, 81$100%& ()- 10ff 10ff 10ffe; :
X2SWUBPLI 12 &9' 109 " 1" &' ()-/ 1" &9' 100 ()o/ 1 &9' 100& ()-/! &9’ 10%& ()-/1" &9
10% ()-/1 &9 10928 () /351 X} oP1ls 81008° (- @10%: ()- 10 10

10! ° &9' 109%& ( 0% 8&9' 10 / Ad&WU30P1! I ~* Sf #10%N>N& () - Z
21~ Sf #10%» s()‘:a‘z gbéf 5565&()3 AR §f/£{'d"g/é V%B k10ucce ()-z2! +
FAL0% i & () - SSXmBDReahplPf #EOEES (Dher 2iin SHubd 08AN\RS { Qt\zﬁé Hi#d 0ehs & () - 22!

Taoera () T Tofuet (T 1ol PR gl e T 0

10ddZwU3uS1! 19veaasip? iy ( Fomtxondiasstag ( -@%H@A@%’O@@l@i P Ide - +- &

| X° T&EDO \ - 10/
5 g s et I s RS
& ()- & 10%@& %@ @%?(f %ggﬁ)ls{ant1c1pated however, that
109 ()-!, $ufﬂﬁét(de99ddﬁﬁeﬁﬂ'ﬁﬂ}ﬂhe drying process, electrolyte

preparation, the glass-to-metal seal, and the welding of
the header plate to the case, and the ball bearing to the

10 header plate will result in substantially increased
levels of hermeticity, and thus enhanced longevity in the
double layer capacitor.

Referring to FIG. 26, a set of graphs is shown
of percentage change on an ordinate axis versus time on

15 an abscissa axis for capacitance and for internal
resistance of a non-hermetically sealed double layer
capacitor, and for capacitance and for internal
resistance of a hermetically sealed double layer
capacitor (i.e. PC 10). 1In FIG. 26 it is observed that

20 internal resistance remains low, and capacitance remains
high for an extended period of time after the manufacture
of the double layer capacitor having a hermetic seal as

| described herein, as compared to a non—hermetlcally
sealed double layer capacitor.

25 While the invention described above has been
described by means of specific embodiments and
applications thereof, numerous modifications and
variations could be made thereto by those of skill in the
art without departing from the scope of the invention set

30 forth in the claims.
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interposed between the first terminal and the case;
'~ a first current collector foil electrically
coupled to an interior portion of the first terminal;
i0 a first metal impreghated carbon cloth
electrode having a metal impregnated side, the metal
impregnated side of the first metal impregnated carbon
cloth electrode being.juxtaposed against the first
current collector foil;
15 a porous separator juxtaposed against the first
metal impregnated carbon cloth electrode;

a second metal impregnated carbon cloth
electrode having a metal impregnated side, an opposing
side of the second metal impregnated carbon cloth

20 electrode being opposite the metal impregnated side of
the second metal impregnated carbon cloth electrode, the
opposing side of the second metal impregnated carbon
cloth electrode being juxtaposed against the porous
separator, wherein the porous separator is interposed

25 Dbetween the first metal impregnated carbon cloth
electrode, and the second metal impregnated carbon cloth
electrode; '

a second current collector foil, the second
current collector foil being juxtaposed against the metal

30 impregnated side of the second metal impregnated carbon
cloth electrode;

a second terminal electrically coupled to the
second current collector foil; and

an electrolyte solution saturating the first

35 metal impregnated carbon cloth electrode, and the second

metal impregnated carbon cloth electrode, wherein the
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case and the electrically insulating hermetic seal, and

wherein influx of impurities into the electrolyte

solution is substantially inhibited by the case and the
5 electrically insulating hermetic seal.

2. -The long life double layer capacitor of
Claim 1 wherein said electrically insulating hermetic
seal comprises glass.

3. The long life double layer capacitor of

10 Claim 2 wherein said first terminal comprises molybdenum.

4. The ldng life double layer capacitor of
Claim 2 wherein said first terminal comprises platinum
coated molybdenum. 4

5. The long life double layer capacitor of
15 claim 2 wherein said case comprlses:

a header plate, wherein the electrically .
insulating hermetic seal is interposed between the first
terminal and the header plate; and

a can, wherein the header plate is welded to

20 the can.

6. The'long life double layer capacitor of
Claim 2 wherein said electrically insulating hermetic
seal comprises one or more of the group consisting of
silica, boron oxide, alumina, potassium oxide, sodium
25 oxide, and lithium oxide.

7. The long life double layer capacitor of
Claim 1 wherein said case comprises a conductive case.

8. The long life double layer capacitor of

Claim 7 wherein said conductive case comprises stainless
30 steel. '
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5 a metal impregnated within a tow’ of the carbon
fiber cloth.

10. The long life double layer capacitor of
Claim 9 wherein said metal is selected from a grnup
consisting of aluminum, copper, and titanium.

10 , 11. The long life double layer capacitor of
Clalm 1 wherein said porous separator can withstand
exposure to temperatures of up to 250 °C for periods of
up to 5 minutes.

12. The long life double layer capacitor of
15 Clalm 11 wherein said porous separator material comprises’
teflon

13. The long life double layer capacitor of
Claim 1 wherein said case can withstand exposure to
temperatures of up to 250 °C for periods of up to 5
20 minutes.

14. The long life double layer capacitor of
Plalm 1 wherein said electrolyte solution comprises a
gelected solven. and a selected salt.

15. The long life double layer capacitor of
25 Claim 14 wherein said selected solvent comprises '
acetonitrile or propylene carbonate.

16. The long life double layer capacitor of
Claim 14 wherein said selected salt comprises
tetraethylammonium tetraflouraborate or
30 triethylmethylammonium tetraflouraborate.
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19. A long life double layer capacitor
10 comprising:
a hermetically sealed case;
a plurality'of metal impregnated electrodes,
each having a metal impregnated side;
a plurality of cdrrent collector foils each
15 Jjuxtaposed against a fespective one of the plurality of
metal impregnated electrodes against said metal
impregnated side; ' ,
a porous separator material positioned between
respective ones of the plurality of metal impregnated
20 electrodes; and
_ a non-agqueous electrolyte solution saturating
said plurality of metal impregnated electrodes, wherein a
multi-electrode, single cell device is formed.

20. The lon~ life double layer capacitor of
25 Claim 1¢ wherein said nermetically sealed case comprises
a glass-to-metal seal.

21. The long life double layer capacitor of
Claim 20 wherein said glass-to-metal seal can withstand

exposure to temperatures of up to 250 °C for periods of
30 up to 5 minutes.

22. The long life double layer capacitor of
Claim 20 wherein a first terminal is coupled to at least
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24. The long life double layer capacitor of
Claim 23 further comprising:

a second terminal wherein said second terminal
is electrically coupled to said case.

10 25. The long life double layer capacitor of
Claim 23 wherein said first terminal further comprises
platinum.

26. The long life double layer capacitor of.
Claim 19 wherein said first terminal comprises a platinum
15 coated molybdenum wire.

27. The long life double layer capacitor of
Clalm 19 whereln said first metal lmpregnated electrode
comprlses'
a first carbon fiber cloth;
20 metal impregnated into the tow of the first
carbon fiber cloth. '

28. The long life double layer capacitor of
Claim 27 wherein said second metal impregnated electrode
comprises:
25 a second carbon fiber cloth;
' additional metal impregnated into the tow of
the second carbon fiber cloth. '
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35. The long life double layef capacitor of
Claim 34 wherein said porous separator material comprises
25 teflon.

36. The long life double layer capacitor of
Claim 19 wherein said double layer capacitor can
withstand exposure to temperatures of up to 250 °C for
periods of up to 5 minutes.
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39. The method of Claim 38 wherein said
sealing comprises:
25 interposing a glass -to-metal seal between an
opening in said case and a first terminal; and
‘electrically coupling the first terminal to one
of said plurality of current collector foils.

40. The method of Claim 39 wherein said glass-
30 to-metal seal can withstand exposure to temperatures of
up to 250 °C for periods of up to 5 minutes.
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y9 46. The method of Clalm 38 wherein saiaqd

interposing comprises interposing said porous separator
wherein said porous separator can withstand exposure to
temperatures of up to 250 °C for periods of up to §

20 minutes.

47. The method of Claim 46 wherein said porous
separator cbmprises teflon.

48. A method of making a double player
capacitor comprising:
25 coupling a first current collector foil to an
internal portlon of a first terminal;
folding a first metal ‘mpregnated electrode
over the current collector foil;

placing a porous separator against the first
30 metal impregnated electrode;
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' an electrolyte solution; and

sealing hermetically the case, wherein the
.elec:irolyte is substantially contained within the case,
10 and wherein influx of impurities into the electrolyte

solution is substantially impaired.

49.  The method of Claim 48 wherein said
placing said porous séparator comprises enveloping said
first metal impregnated electrode with said porous

15 separator.

50. The method of Claim 49 wherein said
juxtaposing comprises juxtaposing said second metal
impregnated electrode over said porous separator.

51. The method of Claim 50 wherein said
20 coupling electrically comprises:
juxtaposing a second current collector foil
over the second metal impregnated electrode; and
contacting the second current collector foil.
with the case.

25 52. The method of Claim 48 further comprising:
impregnating said first metal impregnated
electrode and said second metal impregnated electrode
with a metal. |

53. The method of Claim 52 wherein said

30 impregnating further comprises impregnating a first
carbon fiber cloth and a second carbon fiber cloth with
said metal, wherein said metal penetrates into a tow of
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the first carbon fiber cloth and the second carbon fiber
cloth.

54. The method of Claim 52 wherein said metal -
is selected from the group consisting of aluminum,
titanium, and copper.

55. The method of Claim 48 wherein said
éealing hermetically includes:

forming a glass-to-metal seal between another
portion of said first terminal and said case.

56. The method of Claim 55 wherein said
sealing hermetically further includes:

welding a header to a can, wherein the header
includes the glass-to-metal seal.

57. The method of Claim 55 further comprising:

selecting a material for said first terminal
hav1ng a coefficient of thermal expansion substantially
similar to a coefficient of thermal expansion of glass.

58. The method of Claim 57 wherein said
selecting comprises selecting molybdenum.

59. The method of Claim 57 wherein said
selecting comprises selecting platinum plated molyl-ienum.

60. The method of Claim 57 wherein said
selecting comprises selecting a plating material for said
first terminal that is solderable.

61. The method of Claim 48 further comprising
selecting a material for said porous separator that can
withstand exposure to temperatures of up to 250 °C for
periods of up to 5 minutes.



WO 01/13388 PCT/US00/20437
10 FEB 2004

- 71 -

62. The method of Claim 61 wherein selecting
said material for said porous separator comprises
selecting said material comprising teflon.

63. The method of Claim 48 further comprising
5 selecting materials to make said double layer capacitor
that can withstand exposure to temperatures of up to 250
°c for periods of up to 5 minutes.

64. The method of Claim 48 further comprising
placing a modest constant pressure on séid first and
10 second metal impregnated electrodes, said first and
second current collector foils, and said porous

separator.

65. The method of Claim 64 wherein said
placing said modest constant pressure comprises forming
15 crimps in said case.



