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CAPACI TOR ASSEMBLY FI ELD OF THE | NVENTI ON This invention rel ates
gener al | ywoeocagaast ors. Mre particul arly the inventi orcraredoegododzsan
i ntegral high-voltage capacitor assenbly. 5 BACKGROUND ART Capacitors

are used in circuit configurations in pylse power applications, such as for
the operation of gas discharge | asers that require faster and higher

vol tage and hi gher current pul ses. For these applications, in order to
obtain some formof voltage nulti EI ication and | ow i nductance high current

di schar ge oper at i on, LOYE INBUGQTANGE INTEGRALIGAPASTTOR ASSEMBENer circuit
configurations are commonly chosen as known by those skilled in the art. A
brief descripti i,rcuit configurations is given herewith, as

wel | as sﬁmuﬁ“ﬁﬁ@mﬁﬁﬁﬁ respectively. In the LC inversion

di scharge circuit (Fig. 1), two equal capacitors 1, 2 are charged up in
paral | el . UponThis ggentimgrdlites gendrely ng cgparitoss. dVisehpargeulaite thd itveatidh
capacitors, there wll %a oltage oscillation |leading to a voltage

i nver si on'c1§F} 1 ap igiggral r‘féﬁj © BERHIHPSHERYEs a switching device such as a
spark gap or a rail gap switch 4, the voltage across the two capacitors can
experience a near voltage doubling, which is applied across a | aser channel

3, resil t BACKGROWMWNBIARTri cal breakdown of the gas nmedium Here it is
assunmed that the charging element 5 is a resistor of sufficient high

resi stance or 3, | . of. ropriat.e i ndugt ance. .. Ilnt
capacitor tr ans%?a g%r&g %sp%gl%%&{ B ‘E_’:,‘ch’g'ﬁj?"% o “uneqtiay ‘ﬁ%ea}ﬁ)oéﬁrtagplécaélrogs’lfggﬁ B The

| ar ger st forabeopapiai bOgasalischatgeilhsedd thit @haire edter and highbrlbltagelaha tgstpd
then triggered to discharge acrgss.a spark gap switch 9. Part of the stored
char ges i SUGHANnB#lassy Sfiprt Hiceh cAnpHFaHompsy 1 @rden to | ohiains fRIne cforpe aki yajtage
capaci tor i i g . -] ar ge
across t hrenﬁétgg Rﬁggs}g?ﬁ&gﬁg,n%gﬁ{%&%ﬁﬁé}% ?%éér?lft td E)Slagabrgg Pﬁé}%(\%vg gllne]; ]ggl{“%l?sﬁg}& %ﬁ%n ce
oper at® onthet ¢tapasital transfegp adichitgconfipaiibnr atescqhmorly d®msel as&nbentiyethose

di scharge .channe] as, possibl e | eadi to a fast discharge across the
channel . EITIE% Phéhf’ﬁét' %aéx efg;{es‘frﬁglon\%qbﬁff}rﬁgliﬁﬁ ?‘tWQOiéyVGG%SSeA‘“@’ BE
i nver si onwgil 6 Biddvaeinchige Ui dnd X R&pedinkgl. ng el ement 5 is again either a
resi stor or an inductor.

In the LC inversion discharge circuit (Fig. 1), two equal capacitors 1, 2 are

charged up in parallel. Upon triggering the switching gap to discharge one of the

15 capacitors, there will be a voltage oscillation leading to a voltage inversion. With a small
voltage damping across a switching device such as a spark gap or a rail gap switch 4, the
voltage across the two capacitors can experience a near voltage doubling, which is
applied across a laser channel 3, resulting in the electrical breakdown of the gas medium.

Here it is assumed that the charging element 5 is a resistor of sufficient high resistance or

20 an inductor of appropriate inductance.

In the capacitor transfer circuit (Fig. 2), two unequal capacitors are used. The
larger storage capacitor 6 is initially charged to its full voltage and then trigg'eréd to
discharge across a spark gap switch 9. Part of the stored charges is transferred to the
normally 3 to 4 times smaller peaking capacitor 7 leading to a near doubling of the

25  voltage for the discharge across the gas laser channel 8. In order to obtain low circuit
inductance operation, the smaller peaking capacitor is placed as close to the discharge

channel as possible leading to a fast discharge across the channel. Like in the case of the



The three types of capacitors commonly used in circuit configurations in
pul se power applications are flat parallel plate capacitors, oil

i mpr egnatwo 2bolodedo Myl ar (r) / paper 5foil capacitors and eeranymi@aosisnob
capacitors. The flat parallel-plate, capacitors operate in

at nospheric conditions w thout inmersi 0p inoil normally and use relatively
thick Mylar(r) foils as insulating |ayers. Used mainly in lasers requiring
| ow operating voltages of 10 to 20 kV and relatively small capacitances of
10 to 25 nF, the two capacitors 15 are constituted of three al um num 10

pl at es sahéwinversig disehargq ayeuit the chyrgimg(elymente®is agdin githeropresister bhagkness
and stack%hu?{%ron top of one another (see Fig. 3). The | aser channel
14 is connected directly on the edges of the top and bottom el ectrode

pl ates 15a and 15c of the capacitor, formng low circuit inductance while
the spark gap 16 is connected at the opposite end of the plates 15b and
15c. Dependi ngThp thige tynes ofegpnpeitpge commonly usqd iMagizauit eandignrationhén pulse

connectio spar t [ it ®

cont qur aBreCeisfEu @S AioRale Atk LR ER8" O MMRea bR R p S ron
known &is #oiBtdpatieors atd ¢etihic)dootkdobeapaided. t or transfer circuit
configuration can be readily obtained. Due to the conpact circuit discharge

| oops of such flat plate capacitor discharge, 20 relatively lowcircuit
i nduct ance i s dbhiffateparaldwelaer. capdeeorsapperateeibaaksspaenc tdoaditieohatwideduy | ow

operating.voltage and snmal.l capacitance of the fdat plate capacitors. This
nas 11 m ¢ BT R A ERA PR L Bk My o R BR FIoGHUPETBSTS e 0. Bm
| ong | asemashis Ghasges £anig! low bPESMRCbIRObr WoehaY kit ad@re@ﬁ%@f&rﬁgl}] usi ng

the LC inversion or the capacitor transfer circuit. 250n the oth :
the oi | i npacipneeedf fl6]toedd W) the(tWo pappeitors diSl are aypastittied sofatheeeaalaimirainh e i n

a lar range of , capaci tances rapgi hgeffom 15 to 20 E.and rat ed, bet ween
20t 0800 PR HiiEBRE BN WhIE oh b amapribrniate iR fnf sckef b

3, 711, 746 ofl@scafl e ainbiher (3asFig. Bpt hods of fol ding these capacitors, in
particular in Fig. 2 of the US patent. Two alum numfoil electrodes and two
sets of dielectric materials are laid alternately one on top of another in
t he sequence offhellaser chamnelil €lie connectedudisciialom, thal adgesofmtendpdingl Bsttom C

materials., These are then faolded 5 flat to he rectangularf or square in
di mensi oneleEFOdE Al dra apd (Rl the SeR3RLe (RAENg o et dndustanes svlethe

di el ectri gpaRb8s | @lsscohnidtspatlthe SB3I1S Endbt BRI T9PAndhset | Arthé )
sandwi chedpby_gfﬁm or Ot hree | ayeers oft 'k? af t pgpers. Painrs ofl§%{{%§%ﬁ%lﬁﬁ1§%i I

t abs bre mageitudscpizhe tijo chpackprgend dheit pennkotiehsdo dbg bsért adbasndl andabespark

el ectrical p20{1 AGt3 t he .el ectr ul tiqol e upits 8f . these cagl%%:i tor

wth . des.
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sections gl’ acked~and conne

cri npi ng @onirienlpdinoivhi 3¢k Babsleldf citdut) Sk Ak e4pasR6it irifertPrean aBhBeitaGher
vol tage operation., The finished unit 1s then thoroughly baked and dried in
vacuum befd e sadihgobtaisedgnat ed in castor oil and appropriately encased.

Due to the compact circuit discharge loops of such flat plate capacitor discharge,

20  relatively low circuit inductance is achieved. However, the major setbacks are the
relatively low operating voltage and small capacitance of the flat plate capacitors. This

has limited the maximum discharge current to tens of kiloamperes for a 0.5m long laser
discharge channel, irrespective of whether it is connected using the LC inversion or the

capacitor transfer circuit.

25 On the other hand, the oil impregnated folded Mylar®/paper foil capacitors are
available in a large range of capacitances ranging from 15 to 200 nF and rated between 20
to 100 kV.



These capacitors are available commercially in different dinensions in
accordance with the capacitance and vol tage range. The nom nal self

i nduct ancwoaebitvdsese st and al one 15 capacitor units is trygpinedohyommssat ed by
the manufacturers to be in the range from15 to 25 nH for an approxi mately
12cm square, 3cmthick folded foil capacitor unit. Due to this relatively

| arge capacitor self inductance and the correspondlng | ar ge di scharge | oop
i nduct ance, such commercially avai | abl e3f ol ded foi | capacitors are not
suitable for use in high peak discharge current LC inversion circuits or as
peaking capacitors in capacitor 20 transfer circuits. These stand al one

units of fol deq;d maten@@w@cu’sowmrmnags&%ésytﬁéss%lésnéhwsaeﬁ fsﬂﬁ)@c&ﬁ&és in
capaci t or ‘transfer circuit Ceram ¢ door knob capacitors (Fig. 4) are

f abri cat edapagitdisf frmaetmulglm &ig. RaofghatySi patens| Ties afunonwo fdil electt@desEndao r at ed

at 15 to 40 k he .l ar er nit.s..are often se as .stora apacitors th
a number &fS Oxéié% %r\ e(f’(ﬁ‘ﬂfnu%%tlglg %1?? %lopglon é’fsaﬁﬁtth’gP &’ﬁPSFg‘Il%e af \ém

used as PaRIiAGNS ARRGIrcOhSteANd, ALMiMAE ﬁﬁd Hhéléé&m‘ﬁﬁfeﬁgls' Thés8QudiHeA ¥S1ded ONg
the two sides of the di scharge el ectrodes. Exanples of ceram c doorknob

capaci ? or §lahte bgi rselapgdar on sawase Us dmeasion Nos a AuBBY, @fzomaﬂdo F0p4BuRI. WO

doscr | bes CIEALLENBy TR R to meterigls TECRIGPEbR (1 e Bireat Myas® sy

and a -V chalgdthvd Bofess thize 18R &f Igaf pap&UPAiter dlimmube il thBdikhgrted
increase in the out put volta%e wi th respect to the input voltage. Four

door knob elppgshe sidanpE theafolds tQ?P%Cl&r%t%%he ielectrivak gorfacis g the elestredes on 5
circuits sz 0, r n the
Fuosi dos IR, AnbhRodrAfor Sec AR 5000 3RAGS B oHIER h 38l

doubl &0si dppogriate agmph@ ofithend bmmg:uabs:uf the stielerl debiwdre6 engble higheit Vidtage

physi cal size.of the_c m ¢ capacitors, relativ ow di sch e current
of the or @BFratien: a’(l[}Fe@W s““btflsléﬁ?lb'ali’ﬁf%’igég’ paked é‘ngi’%‘ﬁfjll%l’{ ‘H%gﬁg%)%e‘ﬁ&annel
i s obtai nggdp re%QM%&E&)?H}P%ﬁd hemepliditls Begpqmde in the past to scale the
di scharge voltage as well as to increase the discharge current with various

circuit configurations. However, with the presently avail able choice of

capaci tors and Thbs dapadiforLare @umtabwwm@ehrc&mwﬂ diffdr&iR dkAENsHIS iR hedor@msy er se
di scharge |l asers have led to circuits with relatively high inductance

and/ or r eMafthe F3pacHIncs sad yoltngs 5pge dds. nm@@éeﬁe@i@r@ce af gheﬁwag@ahoae
g L N SO
tens of naHo%e@oragproxunatelyt 12eul S@ardsuwﬁlﬁiékdéldﬁdﬁ”oill\édﬁwﬂoﬂumt Due to thlS
relatively large capacitor self inductance and the corresponding large discharge loop

inductance, such commercially available folded foil capacitors are not suitable for use in

high peak discharge current LC inversion circuits or as peaking capacitors in capacitor

20  transfer circuits. These stand alone units of folded foil capacitors are normally used as

storage capacitors in capacitor transfer circuits.

Ceramic doorknob capacitors (Fig. 4) are fabricated in different sizes ranging in
values from 0.1 to 10 nF and rated at 15 to 40 kV. The larger units are often used as
storage capacitors with a number of these units connected in parallel. The smaller units

25  are used as peaking capacitors and are normally connected in two arrays along the two
sides of the discharge electrodes. Examples of ceramic doorknob capacitors are disclosed
on the US Patent Nos. 4,939,620 and 3,946,290.



The present invention and disclosure denonstrate how folded foil capacitors
can be assenbled to yield very low self inductance. It is then shown how
mul ti pl e woi2bs1/08i51620 t hese fol ded foil capacitors can Pperasemmbioesssand
integrated to constitute various | ow inductance current and voltage

mul tiplying discharge schemes for use ip transverse discharge |aser
applications as well as in other pul se power applications. It is

t hus one aimof the present invention to provide an inproved integrated
capacitor assenbly that is suitable especially, though not exclusively, for

use in gas 25di-dpihaykateidle. 1481890 desivss thegsserbly ob et §pgeTl WMPEIBPD00334

. ! . . Mokt :
assent y. CEEHERTERRE R R 7Y SRtk ROH RS Sy Zaf s GRP SRS
capaci t or ife@Bé inSthd Bupubl ke HithGaRRei tohe BRI Sol@BNect ed in seri es;

each of the capacitor cells conprising an arrangenent of a pair of elongate
foil electrodes separated by dielectric and nultiply-folded in a

substantial |y Fbat dooMsttypedbéamiatifibiorénes akdl ariReENstRe!1S ierdibe.

stack conprising the first capacitor ‘are connected in 10series by ] olning
t hei r ¥ oi kiraliscBy edesgiog tvomeowsorfgldoddiobakpaiitdes syinéteicAlbi dn theaabsalde sf
wherei n adjacent cells of the stack cog)ri sing the second capacitor are

connect edt enel§%tf9d€§> B swreat irgn thsedputiled,| thup dhe Pemesdatble sidgd| Hrigee ddi nal
S| des_ of le%rsﬁocH lcir@&ig Cﬁé&é}ﬁl l'es?,.n&iue to &he rﬂhé/sicl{\(h S’%@' dF Eh%e cér'arrn%c;[ cgge%itgres?ond
capacitors are connected In series and | grated 1 nto

relatively low discharge current of the order of a few tens of kiloamperes for a 35cm long

discharge channel is obtained.

10 Many attempts have thus been made in the past to scale the discharge voltage as
~ well as to increase the discharge current with various circuit configurations. However,
with the presently available choice of capacitors and choice of circuit configurations, the
designs of transverse discharge lasers have led to circuits with relatively high inductance
and/or relatively low operating voltage. These designs only manage to generate relatively

15 low peak current densities of between 0.5 up to a maximum of 2 to 3 kiloamperes per unit

centimeter length or so in a few tens of nanoseconds current pulse.

SUMMARY OF THE INVENTION

The present invention and disclosure demonstrate how folded foil capacitors can

be assembled to yield very low self inductance. It is then shown how multiple units of

20  these folded foil capacitors can be assembled and integrated to constitute various low
inductance current and voltage multiplying discharge schemes for use in transverse

discharge laser applications as well as in other pulse power applications.

It is thus one aim of the present invention to provide an improved integrated
capacitor assembly that is suitable especially, though not exclusively, for use in gas

25  discharge laser applications.



15an encl osure. Such an arrangenent permts the capacitor assenbly to
be connected in either an LC inversion or a capacitor transfer circuit

confi gur avoani1/081516 | n one enbodi nent, the foil el ectredesvofoi@djoazent
cells are joined at a single instance on the or each |ongitudi nal side of
the foil electrodes. 20l n another enbodicnment, the foil electrodes of

adj acent cells are connected together substantially at their |ongitudinal
centers. Wien the foil electrode has an odd nunmber of fol ded sections,
there will exist a section at the |ongitudinal center of the el ectrode, at
whi ch the necedBafie csPiféetheorinysnipnppravades. a| Righhvoliage ecapreifgy asssmbhunber
of fol dedc&glgﬁ%iggs, on the other hand, there will exist two central
sections an e°necessary 25connection may be nmade to either of these. The
phrase "subst antfired dapadtor;tdndi r | ongi t udi nal centers" shall be construed as
including these possibilities. W 2011/ 081516PCT/ My2010/ 000334 6 | engt h of
one fol ded sectisgfpnd capacitoshe pri dgi ng el ement may be a sheet-1ike el ement

that is fol ded i pair qf r i respective
Forl el ectrodes gt SFREE sPmBRe iR 97 sl e ARt bl DoP DT &
very | ow sel f ieaduocf thecapadion colie cemposhgrntarranpeméntrafta paid of elonpake foil
capacitors, are. i nterconnect on said one |angitudinal side that is on the
o e vhor SleEiedssotoparand bhetrlerse ‘E’f%&ipgﬁiltl’ﬂ?"fgﬁééilﬁtaersklm’@pé 3tn veupdes.
This provig Jrtoef ficient and fast current discharge. In another

embodi ment, each fol ded section of the foil electrode is rectangular in
shape. wherein adjacent cells of the stack comprising the first capacitor are connected in

10 series by joining their foil electrodes on one longitudinal side of the foil electrodes;
wherein adjacent cells of the stack comprising the second capacitor are connected
in series by joining their foil electrodes on both longitudinal sides of the foil electrodes;
and
wherein the first and second capacitors are connected in series and integrated into

15 an enclosure.

Such an arrangement permits the capacitor assembly to be connected in either an

LC inversion or a capacitor transfer circuit configuration.

In one embodiment, the foil electrodes of adjacent cells are joined at a single

instance on the or each longitudinal side of the foil electrodes.

20 In another embodiment, the foil electrodes of adjacent cells are connected together
substantially at their longitudinal centers. When the foil electrode has an odd number of
folded sections, there will exist a section at the longitudinal center of the electrode, at
which the necessary connection may be made. In the case of an even number of folded
sections, on the other hand, there will exist two central sections and the necessary

25  connection may be made to either of these. The phrase "substantially at their longitudinal |

centers” shall be construed as including these possibilities.

In a further embodiment, the foil electrodes of adjacent cells are connected

together by a bridging element that contacts each foil electrode over substantially the



10In a further enbodi nent, each fol ded section of the foil electrode is
square in shape. I n one enbodi nent, each pair of elongate el ectrodes
has a foiwowdbtdsizab 0.1 to 1 neter and foil |ength of betwaenolobmw3R0
meters to result in sufficiently high capacitance and yet yield acceptable
transit tinme delay broadening of the digcharge current pulse. The 15
opti mum nunber of folded sections will then depend on the requirenents of
the particular application, and be subject to such paraneters as the
rel ative 5%?H | 0f the foil electrode, and the desired | ength of
t he folde|1 e&?ﬁg%g?M%QE&i@%'another enbodi nent, the first and second
capacitors and cells wthin each capacitor are di sposed adj acent one
anot her, with flhe bfidgidgadlehemt hagDeaf shebelike dlahént tRA iefRddd odener paiglofy
paral l el . For.exanple, the first and second, capacitors may be stacked
verti cal | ¥85ifor comiegtiony oy therreprsstivg foif legirpiss. ofae disend rGelmgEhee bridging
facilitat @&n{egphglﬁgﬁgﬁ%gyem Qe ik (ftgfgcepapaci tors in a manner anal ogous to
the interconnection” of adjacent cells I n each capacitor. In a
further enbodi ment, the assenbly includes external electrodes that are
25conngcted in : fd cirors and, have.a | ength
substgﬁtially %géﬂgé%%% ?ﬁgbggi?ﬁi&Fgﬁg?ﬁngﬂﬁﬁgg ofﬁ%gxgggg?%ﬂ§$B?OP%e
foi | el eclangitedinalThile] ahgt Is @h thee siddOwRiel /th8 1116 PETARNY 20:40/08R 834 afe
external electrodes.suitably corresponds substantially to the |length of
equi pnent ! t’if"%‘éle&‘(?ah%é‘ir?é; Ty prpvides dor ei%@‘ﬁnbﬁr@cfﬁﬁﬂt}@e@r@magﬁ- In yet
a further enbodinent, the external electrodes conprise a first pair of
external el ectrodes connected on the side where the first and second.
capaci tors ar el 31qthgrembodHaent cepch folled seafionpfdhe foikelegsitlegarsctamgulak ier nal
el ectrodeg,g@nnected only across the second capacitor on the opposite
| ongi tudi nal" side. The vertical height gap of one or both pairs of
el ectrodes may correspond substantially to the height of equipnent to be
connegt ed, suc i . . n.anot her aspect,
Che i vent i on o uBaa"aRbedikSEr TP AT R rion of the fof cloetBaE RS ORke FP
shape.

In one embodiment, each pair of elongate electrodes has a foil width of 0.1 to 1
meter and foil length of between 1 to 20 meters to result in sufficiently high capacitance
and yet yield acceptable transit time delay broadening of the discharge current pulse. The

15 optimum number of folded sections will then depend on the requirements of the particular
application, and be subject to such parameters as the relative length and width of the foil

electrode, and the desired length of the folded sections.

In another embodiment, the first and second capacitors and cells within each

capacitor are disposed adjacent one another, with the folded sections of their foil

20  electrodes mutually parallel. For example, the first and second capacitors may be stacked
vertically, i.e. one laid on top of the other. Such an arrangement facilitates the
interconnection of the capacitors in a manner analogous to the interconnection of adjacent

cells in each capacitor.

In a further embodiment, the assembly includes external electrodes that are
25  connected internally to the first and second capacitors and have a length substantially

corresponding to the length of the folded sections of the foil electrodes. The length of the



10assenbly conprising: a first capacitor; a second capacitor; a third
capacitor; and a fourth capacitor; 15each capacitor conprising a stack of
capaci t orwoebligstaasnect ed i n seri es; each of thepcapaciot@ooosal | s
conprising an arrangenent of a pair of elongate foil electrodes separated
by dielectric and multiply-folded in a gubstantially flat, wound
configuration; wherei n adjacent cells of the stacks conprising the
first and fourth capacitors are 20connected in series by joining their foil

i acent _ Bupital 8RS SN0 Yorshihat ey bl co e IR BT reniompnt U BF 5

connect ed conhetRll &%h Y a jRkNdischatgredhanhdli | el ectrodes on both | ongitudi nal
sides of the foil electrodes; and 25wherein the first, second, third and
fourth capacitors are connected in series and integrated into an encl osure.

Such an arrangé&imset apfurthiei enibodinganpattict exterasls elebirydes ccdagprizsonn €estephit bf any
of .a 2-stage LC inversion, a 2-stage capacitor transfer circuit, a double
LC i nver sP8amMabelegtrgdssprenmegisd con dic sidgnwhee the fusi and sasangusaparigns are

accor & NG iiGebiitcRAIHILAE, 'afa Wietbhd Bhir of Bl eRBdodQichlAddaldAy AT

the second capacitor on the opposite longitudinal side. The vertical height gap of one or
both pairs of electrodes may correspond substantially to the height of equipment to be

connected, such as a laser discharge channel.

In another aspect, the invention provides an integral high-voltage capacitor
10 assembly comprising:
a first capacitor;
a second capacitor;
a third capacitor; and
a fourth capacitor;
15 each capacitor comprising a stack of capacitor cells connected in series;
each of the capacitor cells comprising an afrangement of a pair of elongate foil
- electrodes separated by dielectric and multiply-folded in a substantially flat, wound
configuration; ‘
wherein adjacent cells of the stacks comprising the first and fourth capacitors are
20  connected in series by joining their foil electrodes on one longitudinal side of the foil
electrodes;
wherein adjacent cells of the stacks comprising the second and third capacitors are
connected in series by joining their foil electrodes on both longitudinal sides of the foil
electrodes; and
25 wherein the first, second, third and fourth capacitors are connected in series and

integrated into an enclosure.

Such an arrangement permits the capacitor assembly to be connected in any of a
2-stage LC inversion, a 2-stage capacitor transfer circuit, a double LC inversion, or a

double capacitor transfer circuit configuration, according to the sequence in which the



8 four capacitors are connected in series. In case of a 2-stage LC or
2-stage capacitor transfer circuit, the capacitor may be arranged in the
sequence wb 2biwmisiesecond, third and fourth capacitors; peirenreasooomnsishe case
of a double LC or double capacitor transfer circuit, 5the capacitors nmay be
arranged in the sequence of second, firgt, fourth and third capacitors.

In one enbodi nent, the foil electrodes of adjacent cells are joined at a
single instance on the or each longitudinal side of the foil electrodes. In

anot her efgw@ dapRitfors hiRecdmdkttc@livGerieddn @ke atjAcenigeClel |G 2s@ge eaprabed
together 10 substantially at their |ongitudinal centers. Wen the foi
el ect r odetripsderagircaildtha gapasitop may diegatanged i1 bgsequanee ef firsty scesnds thigd grekt i on

at the | Oﬁglrttll%qggcagorsc%\;}lt f“ ?r&ther}%se 519(9@ LCa(;r d@@gfé%aé?c?ttop?r PlYenit

connecti on nay an even nu SECthnS

on thes ot her cdpaditors tigy eeatrhngdi Bi tﬁe/\/@echeﬁw af sesid, onst, aftrthhend@tassary
connection nmay be nmade to either of these. The phrase "substantially at

t heir | ongdPREidRTRal 15centers” shall be construed as including these
possibilities. In a further enbodi nent, the foil electrodes of

adj acent cells are connected together by a bridging elenent that contacts
each foil el ecin ofe enwedinsanfsthanfoiladlégrotdbe of ad@tdnt ajelione: johdkdt saiiglon.
The bridgi ng el ement na be a sh ef-li elenent that is folded to define a
pair of 2msgﬂ§§e%ﬂle@6ﬁ Pngipdi %#@&g‘@e@i%@% el ectrodes of the

adj acent cells. The brldglng elenent helps yleld very | ow self inductance.
In one enbodi nent, the first, sec i and fourth capacitors are

i nt er connect edonothsr gmbadinicshdhe fﬂﬂ ﬂ%ﬂtm@%%f adjaegnt gedls prpecopnerdeduipgeies he
cel l's) f %Jiﬁtai'l*xélﬁl attfiir t?.lﬁln%ﬁpé?ﬁérg %Elecmn@lgétﬁ)(ae'hgs 88048 Sumbdt 8¢

prOVI or eftricient an ast current schar
folded sections, there will exist a section at the longltudlnal center of the electrode, at

which the necessary connection may be made. In the case of an even number of folded
sections, on the other hand, there will exist two central sections and the necessary
connection may be made to either of these. The phrase "substantially at their longitudinal

15  centers" shall be construed as including these possibilities.

In a further embodiment, the foil electrodes of adjacent cells are connected
together by a bridging element that contacts each foil electrode over substantially the

length of one folded section.

The bridging element may be a sheet-like element that is folded to define a pair of
20  legs for connection to the respective foil electrodes of the adjacent cells. The bridging

element helps yield very low self inductance.

In one embodiment, the first, second, third and fourth capacitors are
interconnected on said one longitudinal side, that is the side where the cells of the first
and fourth capacitor are connected in series. This provides for efficient and fast current

25  discharge.

In another embodiment, each folded section of the foil electrode is rectangular in

shape.



I n anot her enbodi nent, each folded section of the foil electrode is
rectangular in 9 In a further enbodi nent, each fol ded section of the foil
el ect r odewoosgisasie i n shape. I n one enbodi ment, eeTMypRie/000834

el ongate el ectrodes has a foil width of 0.1 to 1 nmeters and foil |ength of
between 1 to 20 neters to result in suf§iciently high capacitance 5 and
yet yield acceptable transit tinme delay broadening of the discharge
current. The optimum nunber of folded sections will depend on the

requi renents of the particular application, and subject to such paraneters
as the rel ativin hefoghdr @nbbodiindht) eath fdlded sddtionlofcthe doli¢ cleanddé he sgiesd ied

| ength of the folded sections. In another enbodinent, the first, second,
third andSH8ert h capacitors and cells 10 within each capacitor are

di sposed adj acent one another, with the folded sections of their foil

el ectrodes mut yabhey/eRBEReR, ea@ﬁai?ﬁ?%h?ate tem%trg&erssk?]as SEAWNh bRbNh%eand
fourth capacitors may be stacked verticafly, i1.e. the first lard on top of
t he seconucterhandsioddength af Hetween dgo @0 ndtersttdiasdlt amsuffinientinhigh dapaditaace t op

of the fourth capacitor uch an_.arr enent facilitatgs the

inter ?onn?e'kc{ V%tny’g?{: ??F&PEBEaHF‘E%‘r E"ﬁen&egg)hgfﬂ?gfemﬁﬁaﬂfo g fusehgreepgrent. The

15i nt er cogmamin Ounter 3] BRRAse6dlsSwilNd&§RaR &ﬂ@)@%gﬁfements of tepaitilat her
enbodi nent’, the assenbly includes external electrodes that are Connect ed

i nt er nal | ppligatione apil isybjectstoceiet, pardmetersaasdhé oelative apthcandowsith of the fdih yet
a further i e f.a.dqoubl e . LC or capacitor transfer configuration, on
one side %E&Pq%g’ aa%@éﬁ%?i}re&ﬁ%@ 8f1ilhetfﬁl ecgﬁ%’g(??st'ors are interconnected in

series, the external 20 electrodes conprise a first external electrode

connected 1o tReaREh@UnbARAChL e i SELORE BB AIAoufh SGPLAME: GRANEHRE € Lo

the first and fourth capacitors an I'rd externa 00 connected to

t he tHi r dwithjpaszich oapacitor are dBposdiadjident orsd adwtiat, Wwitle tirsforiel| syctidnh@f ebdier nal
el ectrodes.co rige anot hler fi steFexternaI el ectrode connected to the
B k

second ca t6H ey s 8e'd re?’F?érllpl%I thet fisde soemdnibied eands dourthe
second anchphéitdrsl ntAPRCIHhed REtaR)Of bahe tehitNGidest B thekeShhofe &eanect ed

to the third capacitor.
laid on top of the third and the third laid on top of the fourth capacitor. Such an

arrangement facilitates the interconnection of the capacitors in a manner analogous to the

15  interconnection of adjacent cells in each capacitor.

In a further embodiment, the assembly includes external electrodes that are

connected internally to the first, second, third and fourth capacitors.

In yet a further embodiment of a double LC or capacitor transfer configuration, on

one side of the assembly where all the capacitors are interconnected in series, the external

20  electrodes comprise a first external electrode connected to the second capacitor, a second
external electrode connected to the first and fourth capacitors and a third external

electrode connected to the third capacitor.

On the other side of the assembly, the external electrodes comprise another first
external electrode connected to the second capacitor, another second external electrode
25 connected to the second and third capacitors and another third external electrode

connected to the third capacitor.



WO 2011/ 081516PCT/ MY2010/ 000334 10 The three external el ectrodes may
be mounted on a respective side of the assenbly. The vertical height gap of
t he ext erw@l2odlistilsodes may correspond substantial |y toPCHMY29il¢o0033H

equi pnment to be connected, such as a |aser discharge channel. In yet a
further enbodi nent of a 2-stage LC or cgagpacitor transfer configuration, on
5 one side of the assenbly where all the capacitors are interconnected in
series, the external electrodes conprise a first pair of external

el ectrodes connﬁcttg%across the first and fourth capacitors. On the
other side of tHe efpeRpal elestradesemay) bemeeuntghes & gsprectee sidseebribe pair

of extern . nect ross_the,secqond and third. c ci.tors.
Toeach pagreBpBEIre Sl ORARR R o M et G REAT wh orbup it SRBRRLMGE " o
the assenty the hdht ¥RIquighadnt REbONNB@Rd, QLiclPBEa REerRMRaRRichanfef. €l ectrodes
may correspond substantially to the height of equipnent to be connected,

such as a laser discharge channel. Enbodi nents of this invention provide an
integral high-yolta apagi t or assenbl 5¢onprising t or four, fol ded
foi | “capaci tor tha_%ﬁF 5 STRod et Oi?gbéﬁg&e%f(ﬁaﬂépaﬁﬁ%%%\%gﬁq BUrHion: Movel
manners  TBhSsil® ofhia8%a bl P WhereHIRE taikitSis @RSintdr Ol e th series, c}hé EAckhg On
top of one another, cells of flat-wound elongate foil electrodes that are
separ at edelggireties cempriseca fifst pair pbexXtomeal electaplas commectadiatross thatfirstsanl dourtter
stacked tg forma tw or four capacitor assenbly, 20ensuring each cell wll

provi de o?apgﬁllt‘glrs’tv\o specific contact areas that will serve as the |ocation
for the connection to the next adjacent cells or an external connection

el ectrode, On tﬂ@&tﬂ&ﬂ@d@&lﬁ n‘%? & enid Itl?e Q’It%%?}[,a?%&dg?gﬂﬁ%% raSI gg@@aﬂ of he

two or four capacitor assenbly on adre or ngl SI ng
subst ant i eltemhbdecttddke cdimiectgd agrosd thrsertond and third capacitors.

10 Each pair of external electrodes may be mounted on a respective side of the
assembly. The vertical height gap of one or both pairs of electrodes may correspond
substantially to the height of equipment to be connected, such as a laser discharge

channel.

Embodiments of this invention provide an integral high-voltage capacitor assembly

15 comprising two or four folded foil capacitors with low internal circuit inductance
connected in a novel manner. This is achieved by a number of steps, including:

stacking on top of one another, cells of flat-wound elongate foil electrodes that are
separated by dielectric films to form a capacitor unit, that is further stacked to form a two
or four capacitor assembly,

20 ensuring each cell will provide of only two specific contact areas that will serve as
the location for the connection to the next adjacent cells or an external connection
electrode,

joining adjacent cells of certain capacitor units of the two or four capacitor
assembly on one or both longitudinal sides using substantial sheet-like bridging elements

25  that are partially insulated and inserted into the chosen contact areas of the cells,

similarly connecting the capacitor units together in a series circuit using the same
insulated bridging elements on specific longitudinal sides to provide fast current

discharge or switching,



25that are partially insulated and inserted into the chosen contact areas
of the cells, simlarly connecting the capacitor units together in a
series ciwounrt1/a8silng t he sane insul ated bridgi ng el enenPE€TOMY2pEeI0834c

| ongi tudi nal sides to provide fast current discharge or switching, WO
2011/ 081516PCT/ MY2010/ 000334 11 prqvi ding four or six termnals from
the capacitor assenbly to external connection el ectrodes, bending the
terminals in a manner to provide the | owest inductance possible. This

arrangenment then.perpits the asse to be connected via external 5

el ectrodes t Oprgvgﬁpg g sﬂ‘e\?m&‘élagbrfﬁgrﬁ tﬁ‘? %%H?&V‘breasﬂeé{}li% g0 CKea|GORREGURR t or s
are used, «RBrddesi Nversion or capacitor transfer circuit configuration is
provi ded for voltage and current nultiplication on the discharge device. If
f our capaci t obendargthasethinas 2-asmangyer kCpiomidertss owest indegpacketpossittleansf er
circuit configuration is provided for enhanced vol tage and current

mul tiplication on the discharge device. Simlarly, with the appropriate
connecti ons nadéis agangement cthpmaieroits abs erssemblyayo dies gomnestedduiaa extetisl e LC

i nversion Qr. c citor, transf.er cirguit confi.quration. BRI EF DESCRI PTI ON OF
e Do R SRR LR ehin IR pfd 4 sk harf R0 Ml St e g8 o ch
char act er idRrsiditoPEgBEMér fralseRtdiRait Wohfighatiap papitdedron voradi 4@ @frrdnbe
follow ng detailed description and review 150f the associ ated draw ngs,

whi ch i | | tsdtiplication omtheghscharassievice nif fourrapagitpenare ysed, addstage Mpileversim g, 1

Is acir Cg@ Ea;&‘agﬂ&j Gl é?&uﬁfcoﬂﬁg&@i{gﬁé gfm?kdfehC%& @Mﬁa[n%%c?@oﬂ% CHRY Qftrent
circult, 1g. IS a Clrcul conriguration Of a conventl onal” capacitor
t ransf er eaiultiplication on the discharge device. Similarly, with the appropriate connections made,

10 a four-capacitor assembly may also provide a double LC inversion or capacitor transfer

circuit configuration.

BRIEF DESCRIPTION OF THE DRAWINGS

These and other features of as well as advantages which characterize the present
invention will be apparent upon reading of the following detailed description and review
15  of the associated drawings, which illustrate although do not limit the invention, and in
which:
Fig. 1 is a circuit configuration of a conventional LC inversion discharge circuit,
Fig. 2 is a circuit configuration of a conventional capacitor transfer circuit,
Fig. 3 is a diagrammatic illustration of conventional flat parallel plate capacitors,
20  showing the conventional way of how laser channel is connected directly on the edges of
two of the capacitor plates,
Fig. 4 is a diagrammatic illustration of a doorknob capacitor,
Fig. 5 is a diagrammatic illustration of a partially wound capacitor cell comprising
electrodes and dielectric assembly according to an embodiment of the present invention,
25 Figs. 6, 7 and 8 are diagrammatic illustrations of inserting a bridging element that
connects the foil electrodes of adjacent cells together according to an embodiment of the
present invention,
Fig. 9 is a cross sectional layout of a capacitor assembly according to an
embodiment of the present invention, additionally showing external electrodes and

30  components connected to the capacitor assembly;



Fig. 3is a diagrammatic illustration of conventional flat parallel plate
capacitors, 20 show ng the conventional way of how | aser channel is .
connect edwodizoaaisisieon t he edges of two of the capacitor ppratemiobiogss 4 is a
diagrammatic illustration of a doorknob capacitor, Fig. 5is a
diagrammatic illustration of a partially wound capacitor cell conprising

el ectrodes and dielectric assenbly according to an enbodi nent of the
present invention, 25 Figs. 6, 7 and 8 are diagranmatic illustrations of

inserting a bridgi .el enent that connects the foi] electrodes of adjacent
celI's together 'Fé&:c df r?grgt‘?"@raafﬁ %??@de%l%@‘feé?tarﬂ%g phe somponente Rfi g, self

Fig. 9 isiRuEhaRsSoSeioideansi eiegﬂgagca%cig)écapaci tor assenbly according to an

enbodi nent of the present invention, additionally show ng external

el ectrodes andFg0 1¢espoirerit sonfignretioned ah .G ineeshpatisdhargeasseirhtaordiny¥d
2011/ 081516P /&2010 g00334 12 . Fig. 10 is a diagramuseful for
under st an8® FGCPHEBLNIBR BIFSENtdRVEH8sel f i nduct ance of a fol ded f oi |l

el ectrode capagid Qb:is a circuif t&hfightation ¢F af:E%ﬁgﬁ%rogmfférg&fc?ﬁicﬁ:gogﬁng‘g)n%xp

i nversion discharge circuit according to a I ment of
i nvent i onembpdigent Of the peeseritrimentiogonf i gurati on of a capacitor transfer

s o i agr amat I 1Pt BRHERTT BT BFFP A0 & SoUDE AP OL LT A VMBI (5
of the cappgiklcapacassalbhyly, _ Fig. 14 is a diagrammatic
illTustration showi ng a quad capacitor assenbly using . v
Fig. 14 is a diagrammatic illustration showing a quad capacitor assembly using
10 four capacitors, according to an embodiment of the present invention, |
Fig. 15 is a schematic diagram of a double LC inversion discharge circuit using
four capacitors of the capacitor assembly,
Fig. 16 is a schematic diagram of a double capacitor transfer circuit using four
capacitors of the capacitor assembly,
15 Fig. 17 is a diagrammatic illustration showing a quad capacitor assembly using
four capacitors, according to an embodiment of the present invention,
Fig. 18 is a schematic diagram of a 2-stage LC inversion discharge circuit using
four capacitors,
Fig. 19 is a schematic diagram of a 2-stage capacitor transfer circuit using four
20 capacitors,
Figs. 20 to 22 show embodiments of a 4-electrode capacitor assembly and in
particular details of terminal connections to external electrodes, and
Figs. 23 to 25 show embodiments of a 6-electrode capacitor assembly and in

particular details of terminal connections to external electrodes.

25 DETAILED DESCRIPTION

Generally, the present invention is directed to an integral high-voltage capacitor
assembly that yields very low self inductance and provides current and/or voltage
multiplication. The basic unit of the high-voltage capacitor assembly according to one

embodiment of the present invention is constructed from a first capacitor 11 and a second



10f our capacitors, according to an embodi nent of the present invention,
Fig. 15 is a schematic diagramof a double LC inversion discharge circuit
usi ng f ouwoeapasiiiers of the capacitor assenbly, PCY/MYLLH10/800334
schemati c diagram of a double capacitor transfer circuit using four
capacitors of the capacitor assenbly, 1fFig. 17 is a diagrammatic
iIlustration showi ng a quad capacitor assenbly using four capacitors,
according to an enbodi nent of the present invention, Fig. 18 is a
schematic diagramof a 2-stage LC inversion discharge circuit using four
capaci t or §apacitor 12, whichrirg conrgcted inm seridseareshowndi &gg. &m of a 2- st age capacitor
transfer circuit using four 20capacitors, Figs. 20 to 22 show

enmbodi nent s of 4 - r ' ' r tails
of Lermnal connarieii @fRaNaY sl ARBY Alkhd uR@ild fLleAL, ¥aLR,
show enbodi therdapadifor aclé- 4 enhprisde of ap agirigemens starpaiy ofeldngdle fal éle@tddas

details of ter al .. connections_to, external el ectrodes., 25 DETAILED
DESCRI PTI éi‘ﬁ’aratga by - 11y 2 Rraferisd cmbedimeny of theoprepent dnveation dsishown in

integral igh; ¥RliAYR f6APRE LicOlse@SS 5P ki clrHifts. kaﬁﬁhi{:ﬁﬁé{ss !o?\f\ﬁeszﬂlﬁufélirbum. '

I nduct ance and provides current and/or voltage tiplication. ~basic
unit of t halshisgh-tool2 pge TWepdiclecuic hyssnispyradog ahelifoiy dartrodes esbprdcnant of

VO 20117 0BRSS TRBETAE T GOORS I PT CLS TR GPPeE 2T AL aPCBRHRE PG n
series, asuchh@Wpdlfethyléhe erephthalate (commonly known as Mylar®). Preferably, the
intermediate dielectric layers are composite structures comprising alternating layers of
10  two layers of Mylar® sheets 20, sandwiched by three layers of kraft paper sheets 30.
Typical thickness of each Mylar® sheet is 12 um thick and 8.3 pm for each kraft paper.
Polypropylene (PP) films with hazy surfaces or other dielectric films may also be used to

replace Mylar® and paper as dielectric layers.

The capacitors are then baked dry before being impregnated with castor oil or
15 other suitable dielectric oil or fluid, and sealed. Preferably, the assembly is encapsulated

in a hard casing body such as polyurethane.

In the conventional folded foil capacitors, it appears that quite often, more than
one pair of side electrode tabs is used. This measure is adopted in order to reduce the
transit time of the electromagnetic waves traveling from one end of the aluminum foil to

20 enter or exit the capacitor at the electrode tabs. By inserting # pairs of electrode tabs
along the sides of the folded capacitor section, current flow along the capacitor is divided
into 2n segments. The path length of the current flow longitudinal to the folding is thus
reduced by a factor of 2n.

However, this process of insertion of multiple sets of tabs also affects drastically
25  the overall inductance of the capacitor. While it may be possible to compute the flow
pattern of the charges entering/exiting the capacitor and hence to derive the effective self

induced magnetic flux and hence the self inductance, it may be sufficient to estimate the



Each capacitor conprises of a stack of capacitor cells 40 connected in
series. Each of the capacitor cells 40 conprises of an arrangenent of a
pair of ealvongatmisiei | el ectrodes separated by diel ectri ectiMmymipoeizarred
enbodi nent of the present invention, as shown in 5 Fig. 5 alumnumfoils
10 are used as foil electrodes. Typical,,hickness of the alumnumfoils is
5to 12 pm The dielectric layers separating the foil electrodes conprise
an absorbent material such as oil inpregnated kraft paper sheets and an

i nper neabl e plastic such as pol yet hyl ene terephthal ate (comonly known as
Mylar ). Preferably, the internediate dielectric |ayers are conposite
structure§elﬁgﬁﬁaf’%cl>éﬁ’§"§|ql%?‘ﬂg’twl%mo&%}rgs'of 10 two |ayers of Mylar(r)
sheets 20, sandwi ched by three | ayers of kraft paper sheets 30. Typical

t hi ckness of each Mylar(r) sheet is 12 pmthick and 8.3 pmfor each kraft
paper. Pol yprofiyit el iQBRtarddel cam bé tafpphoaiatelyr diagRd @to @lvbedonsioRk @S} bhé
films may al so be used to replace Mylar(r) and paper as dielectric |ayers.
The capacFRBPYeat deule frynkids BPVeET orfeclivegesgalon rasgprroste wp tthe daldieg o |
or 15 ot i i j i £l Ui oy r abl t he
assenbly TEoRH il Sl o8 BRARLERS) chafts chishils o BRAENE Shndihie RGAE e

I n t heéd comdemisenedhioilf tabgledl a$ sidwicmpltigi 1®f® thé tasappaaigld pat ofisidé eseftéden,
nore than one gair of side electrode tabs is used. This neasure is adopted
in order {¥ PBYuce the transit time of the el ectronmagneti c waves traveling
fromone end of the alumnumfoil to 20 enter or exit the capacitor at the

el ectrode tabs, By inserting n pairs of electrode tabs along.the,. sides of
the fol ded capg]cg%'gfa?’sfgﬁhedﬁ?ve 8ﬁfh¥$?§\ﬁ?%f}%‘?fg°&?ﬂé“ec'£ﬁh%?‘géwgidéfeaﬁlqn ded
into 2n segimdiiatd b%n%ﬁin@ntl Angtrig. of0, hheléubas Milsl dxevpt! B et W inAdrmidRt t he
folding is thus reduced by a factor of 2n. However, t'his process of

i nsert i onaist YA PYteTMGst sarry twe laygpsohehasgesf peeon thiy Henti sufaby and andtherorer al |
i nducimnc i i i . ssible to conmpute the flow
pat t efroﬁl1 of t aglgc 5%32@‘ get{r)l?ﬁeer {o\!l%l;l%>§lfﬁenégggg%%e%?g(glgsa%Pﬁéermaoﬁ%qﬁlgn%lge{nop@ésri ve
the ef f ecreviermed fori cadhigait ofaigseatddctabs. Boraneapaeinerecdlin®itiel paitNotitlsamee, it

may be sufficient, tqQ esti te the 14 self inductance using the follow n
y bsTﬁ@ g d

pr ocedur eglectrode ta IS thus A dRieh AnCéw nrsat pashy ik raetePaih dengthiesdupesdt o t wo
conponent Ofa6iof QPRANERE Jvesul ; ] f r or
opposite ?}éat heof ol di ng diO: e%%{ i lgﬁu%%@hlghﬁ%%\aggﬁpg %t ’F?g{ra’?f"g?‘&@éf‘gg%“

ent eri ng ermesxed forthe cive of apaqguailyrlong capgcitdrefod sitdeh ismoefdlda Wioh thetalaentl 3 as

shown dn Kig. 10 for .the case of .a singl ir of side.i.nserted foil. tabs.
I'n gelnsler aﬁ?‘%ngr&ta tf%)\%%%fm%?o g’r‘?a?tb%rge@l ‘gtﬁtée ?60886%3111% COPPPRFEt PEI ng
di rect i onind&cthmddiis afuedivey byonponent A of Fig. 10, all electrode foils
except for the two innernost and two outernost carry two |ayers of charges,
one on the %rgnﬂ sufd ace and another on 10 the back surface due to the
fol ding of Thegpapagitor foils. Furthernore, two current paths are forned
for each pair of inserted tabs. For a capacitor cell wth n pairs of
i nserted tr t i t 2*(2n) . current ;paths with
each pat h“?V %ﬁglt%%%daggzecfp%é}ﬁ%&‘ lg%t ltSEéJt gfﬁgn‘g}%g?g}bee?léﬁfgqen%ﬂ}c ngés itﬂke t hus
reduced bthicknéssaifahe ditle2tricaniteriblienFarangpaeicortvitt fdpredaatedquar 1egpidiith | ong
capaCéOt Or7ffoci'ds| o ‘IN?[E 7| Csennot CH ded with thg, current .

s stacked 1n series and 2t dielectric thickness, a low inductance of

0.42 nH is obtained.

On the other hand, the use of such side inserted electrode tabs has introduced a
significant source of inductance due to movement of charges approximately transverse to
the capacitor folding direction on entering or exiting the capacitor along the side inserted

25  foil tabs as indicated by component B of Fig. 10.



15fl owi ng straight fromone end to the other end of the electrode. This
conponent of the inductance is thus given by 1 ,uold LI = 8n2 w where 1 and
w are resyweehiwesiyiot he | ength and wi dth of the el ectrod®CToMY20a¢1eP0dB4i s t he
t hi ckness of the dielectric materials. For a capacitor wi th approxi nate
square layout with 207 folds and with 7scells stacked in series and 2T
dielectric thickness, a |ow inductance of 0.42 nH is obtained. On the
ot her hand, the use of such side inserted el ectrode tabs has introduced a
significant source of inductance due to novenent of charges approxi mately
transverse to Fhetheapseoh opinglsl ptimef side imseriadrtaby itsnndictange oy asswned tgbe he

capacitor _alo he si I ngerted 25foil taps, as .indicated, by conponent B
of Fig. 16‘?‘“%%1 %6&%7%’3%@&’6%@# W2 @Fﬁd’é@é‘g’uiglem(’(g fg'l%)wﬂbhe case of a
single pair of gigde inserted tabs, its inductance is assunmed to be '

gener at ed bybwent flow along a single pair of output electrode foil s
with L 1 - Po :

where Iis the length of each folding of the foils. With comparable magnitudes of w and
5 I relatively low inductance is also obtained. For a capacitor with an approximately
square layout and with 7 cells stacked in series and 2t dielectric thickness, a relatively

low inductance of 0.44 nH is obtained.

On the other hand, for a capacitor section with more than one pair of side tabs,

there is a necessity to locate the tabs with opposite polarities on opposite sides of the

10 winding. This is achieved by staggering the insertion of the two opposite polarity tabs
into two successive foldings of the capacitor section. These opposite polarity tabs will

then straddle across the midpoint of the fdlded capacitor section and will result in a large
current loop cross section producing a significant contribution to the inductance of the

capacitor unit.

15 It is readily shown that the corresponding inductance can be approximated by

HoW

L:
T

!
;2

where ¢ is the total finished thickness of the folded foils for the capacitor stack.

The inductance is proportional to the half thickness of the capacitor stack. For
commercially available capacitors which are approximately 5” (12.7c¢cm) square in layout
20  and with a thickness in the range of 3 to 4 cm, inductances in the range of 15 to 25 nH are

calculated, similar to the range of values quoted by capacitor manufacturers.

As previously mentioned, the present invention provides an integral high-voltage
capacitor circuit assembly that yields very low self inductance, and provides current and

voltage multiplication. In the case of the first capacitor, the adjacent cells of the stack are



where if is the length of each folding of the foils. Wth conparabl e

magni tudes of wand 5 I relatively low inductance is also obtained. For a
capaci t orwoi2ohy@nsiappr oxi mately square | ayout and with Pceaeivymigbmsied in
series and 2T dielectric thickness, a relatively | ow inductance of 0.44 nH
is obtained. On the other hand, figr a capacitor section with nore
than one pair of side tabs, there is a necessity to |locate the tabs with
opposite polarities on opposite sides of the 10 winding. This is achieved
by staggering the insertion of the two opposite polarity tabs into two
successi veorgtad ng serids bhgoiniap dbeir doil slestrpdns. omrpess @ngptp%@alt tdpof ahd fail t abs
wi |l then straddle across .the m dpoint. of the fol ded.capacitor cti.op and
WII o fEARRE Tof SoSRpEn e ol isew odft poh ISeaRBRhG'E of B Fikan
cont ri but ie8rddds t feoptisdties 8R oo%upfonghediﬁapﬁ&ést. fowddil éhelﬁdhkr hiferh @R {) Shown
that the correspondi'ng i nductance Can be approxi mated by -powt L3 If
2 wher e tyiekl tidéurthet advahiage s petfdrhianke) e sametdpeohobspdy mmulis mutindish e
capaci tor stack. The inductance is proportional to the half thickness

of the cafpgathesembodinentyiscidbadniareinaln the seeant sppasitern phecidiznest eabisof the e
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simlar tgetthcleain@rsOf val ues quoted by capacitor manufacturers.

previ ously nmentioned, the present invention provides an integral
hi gh-vol tage capacitor circuit assenbly that yields very | ow self

i nduct ance, ang. provid current and vol t age |tiplicatjop. ILn the case of
the T rot - capabiebdh ! 4113 i et HEsbRin des sty hih ahe i elertodés 67
2011/ 08154 fRGh{ WYROARY RARIB4 A6igAONRGLRE by a_seﬁa%eiﬁg R¥erh@it W ¢het BElehcH Oi |

el ectrodes 'on one longitudinal side of the Toil elecCtrodes. The connections

may be) nmelbegidedios|sydeoolethe doigicteadtpdrsl The deidgihg tekrenedndi(Whish avayr belesnsidered

optional | b | angi.-t udi nal. si de However, he latter alternative wll
JPel o o TS b P BF SR s B0, <R e SRS bh T LA I '

mut andi s, togethbr bitstaatiiey aetHeadionginidind aRaterd) Elthegiding elethehh Eorg@qoRech
capacitor, .the acg acent cells of the stack are connected in series by
&

j oi ning t ek plegterde Qice spbsensially ihg dingth ehgne deiredisectione dsahopRent el 6,
el ectr Odeﬁreferably, the bridging element is a sheet-like element 18 that is folded to define a pair
15  of legs for connection to the respective foil electrodes of the adjacent cells. The sheet-like
element 18 may be a metal foil connector. Other than inserting the metal foil connector,

an outer protector 19, also folded to define a pair of legs acts as an insulator. The

insulator will increase substantially the voltage holding performance of the capacitor but

will not substantially increase its inductance.

20 Preferably, the length of the aluminum foils and Mylar®/paper assembly for each
capacitor cell is in the range of 1 to 20 meters, resulting in low inductance and yet yield

acceptable transit time delay broadening of the discharge current pulse.

Depending on the width and length of the folded portions, each folded section of

the foil electrode (i.e. capacitor cell) may either be generally rectangular or square in

25  shape. The first and second capacitors 11, 12, with each capacitor consisting of a stack of
the folded capacitor cells, are connected in series. The first and second capacitors 11, 12

are disposed adjacent one another, with the folded sections of their foil electrodes

mutually parallel. In a preferred embodiment, the first and second capacitors 11, 12 are



Figs. 6, 7 and 8 are diagrammatic illustrations that show how the foi

el ectrodes of adjacent cells are joined at a single instance by a bridging
el enent owOt2pE/a81516ach 10 | ongi tudi nal side of the foil PETAEY200e1¢09334The
bridging el ement (which nmay be considered as equivalent to a pair of side
tabs used) connects the foil el ectrodes;pf adjacent cells together
substantially at their |longitudinal centers. The bridging el enent contacts
each foil electrode over substantially the length of one folded section. As
shown in Fig. 6, preferably, the brid?ing element is a sheet-like el enent
18 that i stapktdieqtieadlyduithromedaidsinrton 8t 8fe dtkgys Sedlr ancaymangemientnfaciditat¢setheir

respectiv i .ectrodes of the adjacent. cells. The shget-]i el enent 18
my be o (upaphpEliBE i ATETeEs el BLER infRionfreiroichiien) oif; B o
connect or capHeitotit er protector 19, also folded to define a pair of legs acts
as an insulator. The insulator will increase substantially the voltage

hol di ng performance of the capacitor but wll not substantially increase

i t's i nduct ance Fi2 QRHBHET:aRbYS scbiithal RSO dritsodiththt JTRR EQbiforaREmbl

Myl ar(r)/ paper assenbly for each capacitor cell is in the range of 1 ¥o 20
met er s r estdrdinggtoi an| gwbedinignt @i cthe aprdsepetinyérdiod. ddwee parmbiter taswnly isi ne

del ay broadeni f. the_di scha curren ul se. Dependj.ng on the
Wi dth and TERsHRedsing ecaflgﬁdﬁ%fygiﬁ s sV,“hbg%rH“% WSESs Bt PONIBRE eRgra); |
el ect r ode electrizal €dRa&ionOYitictlelabseiiyy SrbldN thd CaGRNBsd). | Pref@sb1aNGY iadt afdl
square in 25 shape, The first and second capacitors 11, 12, wth each
capaci t or SOREcapacHersere mtaeemreisd by Hee pridaericlemsnich3bam seid ong lopgitudinal
connected [ : ' ' 12.are.dis ed
i acont 2 I8 bfSeind Menicrt Xho Y SIREANLLARER W0l fud ek bRl PERES
mut uall0y pethalohgitudihal sidepretthe rcepaciivtsodHoeBer, theelatter siteraatteseiibpidld no
capaci tor ]hjl-ﬁr 2 are. WD_2011/081516PCT/ MY2010/ 000334 17 st acked
verticall 3&‘“ phvagtagein perfmangs, Ghe same ttioas apmbyIRugHs Biiarife othe other
facilitategpbigidntd Rk&SaMRRGL1 on in a manner anal ogous to the

i nterconnection of adjacent cells in each capacitor. Fig. 9 shows a cross
sectional |ayout of an enbodi nent of the capacitor assenbly 5 according to
an enbodi ment of thdreaRr ESERL erhbHBMEMORs sHIVeh GRANRE! 9,0the AFRBMY ¥leh®nt 13b
encapsul ated in a casing body 70, and with term nal neans for providing
ext ernal &reeppests| the diplewtd rson tcAPaciersakseldpy thefesulmeithdinalasila gnbody .

Pr ef e abl fi . Secqgn re i r t '
br g\ ng. S anegy” YRt SAPEUOR a2 ReRRh AR o M REGATRERTT0 Yhd B
13b may batprdedifdiecbnoactmnl ty ekteatal oireuit ongpdnedisnat caimeted o6 barelectddbol h

| ongi tudi nal ,si des of the capagitors. wever, the latter alternative wll
yield no WE’?%@F CBH%PFflé@(?XFeE“%é’Ff Sﬁﬁté?‘HFgé.W‘%hQ‘ré%ﬁeag‘p‘m @ﬁs}m%ﬁiﬁcé, offh¢ati s
mut andi' s, cidnd e ot her enbodi ments descri bed herein. In the case of
t he enmbodi nent as shown in Fig. 9, the bridging element 13b interconnects
the first and second capacitors 11, 12 on the left |ongitudinal side only.

15 Preferably, 14 hesgartanacirhitdiméd:, a ldetdRnesl GBREd| aatigferbd s@itbiab 6l aahé NY
body 70. The tabs intended for connection to external circuit conmponents

are” céhne€xigmal elrgu cosmopents aduchare wanugstedrte thorrpeeitadsieontdylathatasp of
el ectr Odeﬁsﬁ’i@ th trpg'grefe'ags@f?cq]l, %rgf@ratbwa tﬂenﬂ%’ger%'ddgwﬁgh Eshg rgﬁlséaggsvzi(t.’c'h of low

inductance design and the discharge loop inductance across the switch is kept to a

minimum.

A first pair of external electrodes is connected to the first and second capacitors
25 11, 12 in series, and a second pair of external electrodes is connected to the second

capacitor.



In this particul ar enbodi nent, a | aser channel 60 and a triggered switch 50
are the 20 external circuit conponents which are connected to the capacitor
assenbl y.wonotihsizaase of using a triggered sw tch, prefecabiy2oté@os3si ggered
switch is arail gap switch of | ow inductance design and the discharge | oop
i nduct ance across the switch is kept tgea m ni mum A first pair of
external electrodes is connected to the first and second capacitors 2511,
12 in series, and a second pair of external electrodes is connected to the
second capacitor. . WO 2011/081516PCT/NV2010/000334 18 The first pair
of external el &bt fsdaar of edemalelecirodss &y eamented gosdoss|as Rogsibleetol the deft

| ongi t udi I;b%%nﬂhgﬁ Qﬁe tolf'eché % e?éc%ﬁéso%ﬁ tlg?rég% rﬂlteﬁeﬁ? %?neg(t relg{tr gié { na!

el ectrode s connected as close as possi eri ongl si de
of the foténnettedtas aites. as'lﬂmesﬁlesmhhé @izhe longitndinklosife Ioﬁdh&fcﬁhel@cﬂr@de'&; huse kept
to a mni 5The brjdgin elenenﬁ 13b that .adjoins the first and second
capaci t or lsinl]ﬁ"gei‘?‘r{eé‘tlﬁ?ﬁ ctanfe sdhurekeph i @ MHBIUM.r st pair of exter nal
el ectrodes is connected. This is to mnimze the discharge | oop cross

i i om.curfent nd.out of the stack of capacitor

t .
oot o e it o RiEe R L e it 205 BB endiecbRE cirartion g 2 Sfiha,
si de sui t fflsime LeCRHcrE BROMASpAHESE:AE ML HrddBs EsNSnh&RaH. *‘Thf)sflstt@& hidsss

di scharge channel 60, mhereas the | ength of the external ctro es on the
ri ght | ontetdighhaege lgmderosmmcalbnmmgrprmudsntsﬂ@wmnmmdlquttocﬁ thehstatkenfyt h of
t he trlgg&1 %%Rsé%o Preferably, the dinensions of the basic
capaci tor LR R optlnlzed with the length of the adjoined first and
second capacitors nmade substantially equal to the length of 15 the

external el ect e | .a I a

exanple, for aﬁggg?%%#wﬁgggrg |50L§¥&%bggécp Rt f?%#%ﬂ%ﬂﬁﬁmhguk %ﬁ %P’ 18"
(46cm0 wi ciﬁ*r@spmds rembsthuatidllyatodth2 Aéngth Jaf nthe WMsde div,‘;thagé charaiedl 60apderchoithes  ar e
used. The, f ol re foldfd at 20" s form ng. an approxi mate

t
20" (5lcn)ng u‘é# e SFsERt slectadssi 8 tﬁﬁ'ﬁb‘%hlt H§%1¥@W%|S&@ 5‘1‘1?3@ i SeeIPeREnt s 13

are 18" (é‘%fﬁxtléﬂ’l tﬁ@fén?ﬁ%ﬂtl‘t@ﬁlgéer s%%)l sehorter on both edges 20than
the fol ded capacitor sections

Preferably, the dimensions of the basic capacitor section are optimized with the

length of the adjoined first and second capacitors made substantially equal to the length of

15 the external electrodes. With regard to using the laser channel 60 as an example, for a
typical laser discharge electrode length of 18" (46cm), 18" (46¢cm) wide aluminum foil

and 20" (51cm) wide Mylar® and paper foils are used. The foils are folded at 20" (51cm)
intervals forming an approximate 20" (51cm) square capacitor section. The inserted side
bridging elements 13 are 18" (46cm) wide and are just 1" (2.5cm) shorter on both edges

20  than the folded capacitor sections.

Now, we shall look at how the capacitor assembly according to the present
invention is used in the LC inversion and the capacitor transfer discharge circuit
configurations, where the capacitor assembly is intended for connection to the laser

channel 60 and the trigger gap switch 50.

25 In the LC inversion configuration (Fig. 11, also shown construction-wise in Fig.

9), Cy and C; are chosen to be approximately equal.



Now, we shall | ook at how the capacitor assenbly according to the present

I nvention is used in the LC inversion and the capacitor transfer discharge
circuit owofwpwsaticons, where the capacitor assenbly i spicmhevzbesodosss
connection to the | aser channel 60 and the trigger gap switch 50. WO

2011/ 081516PCT/ MY2010/ 000334 19 Ald the capacitor sections are
adj oi ned by the bridging elenents 13 on the sane side as the | aser channel
60. This will ensure mininumcircuit | oop cross section arising from

t
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resulting fromthe connections between the capacitor sections and t | aser
channel 66omTtwrsent flowving lrd@dnglteifethemtask ﬂ)Bca;!bjcnomsetcam Thoy wilkhlss ehsur€l and

C2 (13a capacitors Cl and C2 (13b), on the sane side
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of the capacitor cells in the second capacitor C2 are on sides to

obtai n faSt aod @Nh?@eaimclh aabtmsn chgacitoisggeandg@p (1S, tqnhthasamelsideazs thdre
| aser chapn he. ca%gm tor trapsfer circuyit configurat | on

(Fro. 12, ersbaped; It oer By s s Boeroraimadnerags tiabeh e rigegg Gash sui 1 cf
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The adj oi ni ng bri~dgl ng e enent e capacit

capaclQ or swikcharkhesdfae, fir theicdedoOthellal hinwirdes csﬂigﬂlﬁaﬁcﬁx ‘ﬂ’ﬁ’l @d Gmf Shridhige har ge
both across the trigger gap 50 as well as the |aser channel 60 On the
ot her hanelements 13a & ¢apagitar|cells i the speand capacitor C; are on both sides to obtain

fast discharge both across the trigger gap switch as well as the laser channel.

In the capacitor transfer circuit configuration (Fig. 12), the positions of the laser
channel 60 and the trigger gap switch 50 are interchanged, and C, is chosen to be 3 to 4

15  times larger than C,.

The adjoining bridging elements 13a of the capacitor cells in the second capacitor
C, are also provided on both sides so as to obtain fast discharge both across the trigger
gap 50 as well as the laser channel 60. On the other hand, the capacitor cells in C; need
only be adjoined on the side where the trigger gap switch 50 is connected to, to achieve

20  fast charge transfer operation.

For the LC inversion circuit, using the same laser channel dimension mentioned
earlier with electrode length of 46cm, two approximately square and equal capacitors
with 7 folds and 2t Mylar®/paper dielectric are employed. Using 7 stacks of basic
capacitor cells in order to attain S0kV rating, an approximate capacitance of 190nF and a

25  self inductance of less than 1nH for each of the two capacitors are obtained. A nominal
value of 1nH is henceforth assumed to be the self inductance for each capacitor and is to
be contrasted with the tens to hundreds of nanohenries of inductance associated with

commercially available capacitors.



only be adjoined on the side where the trigger gap switch 50 i s connected
to, to achieve 20fast charge transfer operation. For the LC inversion
circuit, weizog/isiiaeésane | aser channel di nension nenti onedTtaayioi®@e00ssst h

el ectrode | ength of 46cm two approximately square and equal capacitors
wth 7 folds and 2T Myl ar(r)/paper dielgctric are enployed. Using 7 stacks
of basic capacitor cells in order to attain 50kV rating, an approxi nate
capaci tance of 190nF and a 25 self inductance of less than I nH for each of
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di scharge | oop inductance to a mninmum Assum ng a di scharge | oop cross
section of 4 x 5 cnR, a discharge |oop inductance of 5.5nH is obtained.
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fromthe two capacitors in series across a taotal circuit inductance of
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i nduct ances pasiidabeswitmenelss kel dréttal i thariagta fRYerbolafd ewing assep e two
separate units of conventional folded foil capacitors_ to construct the

cor r esponthidigs HAREHAgeesei When these conditiens are pat pripaiged. ihe laser ¢hanpeidiresisi ng
conmerci a il.ahl L htar i ctrodes, either
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analysis for t case of the capacgitor transfer cirguit with_ capacitors Cl'
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20  types, substantially higher circuit inductance will be generated.

One can also conduct similar analysis for the case of the capacitor transfer circuit
with capacitors C;” and C,’. Consider the case that C,’ is twice the value of C; employed
in the case of the LC inversion circuit and C,’ is two times smaller than C, of the LC
inversion circuit. By charging the capacitor transfer circuit to the same voltage as in the

25  case of the LC inversion circuit, a high voltage pulse will develop across C,’ leading to a
high peak discharge current. This peak discharge current is generally somewhat slightly

smaller than those of the LC inversion circuit with the same input charge energy.



WO 2011/ 081516PCT/ MY2010/ 000334 21 In order to increase the discharge
current further, enbodi nents of the double LC inversion and doubl e

capaci t orwbransiesicdi scharge configurations are specifi edT(Wym®10/di8334 An
enbodi ment of this invention is the use of two units of the capacitor
assenbly stacked back to back one on tef of the other. By connecting the
bottom external electrode 45 of the upper stack 46 to the top external

el ectrode 47 of the | ower stack 48, three external electrodes are now
consti tut ed. However, a preferred enbodi nrent of the present invention
i s the integraliedento mpgaseothe disepangk ccorrentarthery embddiments of the dgilde d45i ng

as shown jn Fig. e quad capagitor,assenb 80 has thre .er nal

el ect rodeisnvgrﬁlqg’oar“#A%?%Eesc%S?fgo otﬁ?ﬁ]gﬁ idgﬁgh{lrge R 1¥1g§té?n51%e éﬂ%cﬁﬁeéf&éﬁ'd%he

rail gap Aseeibddigdnt ofthiSTHeutidHCis eidise G2y uhfts & @e cdfaclior askiiblgaplke LC
inversion circuit and Fig. 16 for the double capacitor transfer circuit.

For the tbackdodagk proae tepuatitheayirsi Byrconrsstingithe bettam extemal tlgotredectt pbdes

the cri gone s’ SPHER, Bt b AR S RAE o oP g Rodt 6P eieSHEmal'c L

i nver si onele@gydet es nuvit foristiritadol t age scal ed by a factor of approximtely two
due to voltage inversion for two of the capacitors. Wth two parallel sets
of two capacitors in series each, the capacitance and self inductance

remai Ns appr oxj nate same as.thos(& of a single, capacitor, fhe maxi mum

ly th
di scharge cur r EAY°YS> & Rifs® dingend theRrpeas Bty op s dheinireraiion o gk A/ cm
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capacitor transfer circuit. The resultant voltage is approxi
t hat of t#sseroblyr 8¢ fendhreg edgradl electradeansf bothesideuifer, cornectical tee tiof laski ch i s

deteryq ned by .th ati.o of the. storage to fhe pegking.c citors.

Gonor 0 | yohafifel i 6 iep sshdifingh CePub ehpreRely o Bigt I faghe'sSivte e |
anot her efmediorecitcuit Aft €ad 1§ felohel ddibld bepadits hander 6iduieHor thdqhréesSt age
LC 25inversion or 2-stage capacitor transfer circuits deliver alnost two

tinmes theclg@radgevad copracttagessemblyn tha @iterriyer eleesipdes arcrromaginend eenvenignsf er
circuits i . PCY/ 0 ©

pr ef erred&gﬁggg?%ﬁng?%ngtvﬁgﬁ?#%éegra I%ﬁgﬂ?ﬁ%ﬁ%@a&; %gg}éélg ol I§1g§.6125 %nél 56d
into a sihgle casing as shown in Fig. 17. The quad capacitor assenbly 90
has two el ectrodes on both sides for connection to the | aser channel and

the trigger gap accordingly as shown schematically in Fig. 18 for the

2- st age LC 1 nvﬁﬁgénqlre]ly?r&ge ECI)L%le ]]:(gj iil%rsitog%pgr_a ésaxglj%h TR éa:[gg Scaled by a factor

of approximately two due to voltage inversion for two of the capacitors. With two parallel
sets of two capacitors in series each, the capacitance and self inductance remains
approximately the same as those of a single capacitor, the maximum discharge current is

thus approximately increased to 488kA or at 10.6kA/cm of discharged.

20 Similar analyses can be carried out for the double capacitor transfer circuit. The
resultant voltage is approximately twice that of the corresponding capacitor transfer
circuit, the value of which is determined by the ratio of the storage to the peaking

capacitors. Generally, slightly lower peak discharge current is obtained.

In another embodiment, instead of doubling the discharge current, the 2-stage L.C
25  inversion or 2-stage capacitor transfer circuits deliver almost two times the delivered

voltage of the LC inversion or the capacitor transfer circuits respectively.



Stransfer circuit. By charging the two units of twin capacitor to +V
and -V respectively, the resulting voltage in the case of the 2-stage LC

i nver si onwoi20tuisisiss approxi mately four tinmes that of tlpeTsirvh®omagaci tor
di scharge. The voltage will be scaled by four tines, the capacitance
reduced by a factor of four and the sel% i nduct ance of the capacitor 4
increased 10 by a factor of four. At 1@ kV and 47.8nF and 9.5n1-1, the peak
di scharge current can deliver a peak current as high as 406kA. The peak

di scharge current is |ower than that of the double LC inversion circuit.
However, the rAsprefeanad eshibsdinamgés thelittegyations of the rfotr ¢upscitdraséafo Iddeinwhar gi ng
vol tage. Si niigl ar. anal yses. can F-F arri&d out for tge 2-stage capacitor
transfer SPEIEFAENS ¢ owrsin kg, |1 diie draf cappettPsassppPiydthbasdpy dlestiodes oiht  of

the corre ' ' t j ' t [ [
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t he case sthematicallyliedig. d@cortsdestoger LAswentidty andBigh 1 forttho2 atagheupacitor Fi g.
9 or Fig., 17, wherein the two pairs of external electrodes are on opposing
| ongi tudi BT YEWEor 20 the assembly, further refinenents can be made to

reduce the discharge and switch |oop inductance. This can be achieved by
bendi ng | ongi t ydi pal I. ir of sheet-like .conductjve, el,enents. 21 that
connect the exg %r‘%ﬁfg“g% 2}&{)?‘38eurﬂt§r%fe§?nvf‘ipﬁ°¢ _ etoc%yaé?q 6& %?égeé’?fﬁ%ly itht 0 two
inverted fesgfiapesitage imtHeNeis€0P3Be 28¢4de0N@!inVer§ivh ichrchit 9s aﬁ&oxirﬁatélpefoﬁlas' ng
wal |l is sufficiently close enough to the capacitor assenbly, then the pair

of 25 i nd@pathatokhesinglg apagitnrdlisabpigs. Theveliags voill bgi schlep by e times, the

| ongi t udi BV i i } i1 he,foil electrodes of
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as i nl(Fi gby alfactbf of Heurpaitr189kVcantlde 8hW eind FesiH ) ihis peak eiRhbige ZhreKi tad r om

t he capacitor assenb i relative | arge, gap, due to the assenbly being

| . . ,
const i t ut &'Vt B Rf T‘}r’)é/en\fmﬂ% 1g§,aé 40k Ak The pedkiischatge cupentds dovsrithapthat pfent
I ongi t udi paldoyibleMt O inViRidh it P8 1dH&T/ !%{g%gmék@{agggéaidar%f’yg e iYEE Gles

U-shapes as 1n Fig. 22. Insulator film e I ns and bent

si mi | ar | ytheofghetleging veltageo el enents 21, 22, 23 fromshorting inside the
casi ng. Simlarly refinenents can be nade in the case of the

si x-el ectrode capacitor assenbly, such as that shown in Fig. 14, wherein
two t hree- el ecPigtie agelyses cprde camigd qutdon thendtstagel capppisor trarfsfer girguisnThe
opposidg it ydi - Sl | Ve . Thi be ieved b
bond: g1 'St fRAR i RS BN REE B o ind Mo BERRY Ul s a1
t hat connemiti ohd kelueutfewhieheist depetmihal by 1@ ratldy of tAd dtordgf td HeOpéaing
inverted L-shapes, as in the cross-sectional view of Fig. 23. If the casing
wal | is sﬁ?ﬁ?gﬁéntly cl ose enough to the capacitor assenbly, then the

i nsul ated sheet-1i ke conductive elenments 32 will be bent 10 |ongitudinally

in opposite diyegtions on exiting the foil . electrodes of the citor
assenbl y and t{{’et © EBITm ‘érdelF‘grq(#‘?&%B?&thF ﬁ%meQFyeé‘t‘?}b%Fet%Bsafr@O&? lf“rﬁgi 9°f 24.

If the topigan Jaekdin MecadbisiofexRhReREGodR3 afXbi oﬁﬁ&fﬂg’flb&%ﬁﬁ%@ 51464 of
assenbly wwth a relatively large gap, due to the assenbly being constituted

f romel | e wpgpmbly.duithercieligpmpnimsr hs madecogrdurerthe dischargeand [serigh dead nal |y
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24, and 2 em e el enen C ction
m ddl e el @ntingile demerdty2] thde conmesutirt exterhal ee@fodsi bdrs e Witk akid eshasiiek bent

simlarl yastsé)m 1ryoitnteoc%wé ?I?ve%legrrﬁrslltlas 31, '32h 33 f-_r om shorting inside _the
casi ng. pes as in the cross-sectional view in Fig. 20. If the
casing wall is sufficiently close enough to the capacitor assembly, then the pair of

25 insulated sheet-like conductive elements 22 will be bent longitudinally in opposite
directions upon exiting the foil electrodes of the capacitor assembly and then connected to

the external electrode bars 17 as in Fig. 21. If the pair of conductive sheet-like elements

23 exit from the capacitor assembly with a relative large gap, due to the assembly being

constituted from cells that are thick or numerous, the elements are bent longitudinally into



If either the L-shaped or U shaped elenent folding is used in the above
ment i oned assenblies, the distance traveled by the current may be

i ncr easedwolwiymisieui t i nductance 20 will be reduced duectroreosoedobzr
circuit |oop. Care nust be taken to ensure that the spacing between
the outer electrode bars in Figs. 20 t 0,525 provi de for enough insulation so
that discharge or swtching occurs within their respective devices and not
al ong the external casing wall. The invention rmay be enbodi ed i n nunerous
ways ot her than as described herein 25 without departure fromits scope, as
defined bywe heeftod Kbstianes & iai Iig. 2Byinswdatonfilne 4 mplldbednseyted tahé bentedimdarly ¢

material s, used in the capacit.o nbl f the.invention, may be repl aced
by new te&%ﬂc?&&t@leéaﬁie&gpeé‘ﬁ?%l’éagﬁs §‘§mﬁ%§‘§‘t"gdnﬁl‘ées'ihﬁ “#§'%rs i ncl udi ng hazy

pol ypropyl ene filnms. WO 2011/081516PCT/ My2010/ 000334 24 CLAIMS 1. A

hi gh-vol t age capagi t.or _assenpl onprising: a fir capacitor, (11); and 5a
second capaci t§$n§¥% re gggﬁgga%%‘m ?S‘Ba eof’Pp%i‘es o] %fsgleaﬁlg'egﬁctﬁt?%afép%%ﬁmpe! l's
(40) connggtRBly, Budeid B8t shown in EACHY, Gihekdif twapRekleRLtr6@ beds, 149) 17mONPEI Si ng
an arrangenent of a gal r of elongate foil electrodes (10) separated by

di el ectri end 23d, 309, bHd areupr iqppgsing|leegitudinad silebsafatheiasbdmbly| dhis oavuhel

confi gurati.on; el | ells qf th t conpri.sing th | rst
capaci tor B%h?éé/e(c:lgb \rll%gfi @&qfn?fﬂ{éu@?n?ﬂelg t%i/{ojp oﬁnﬁibr?étoﬁh%ie%q]ﬁ( oi ﬁorﬁg\léetlcvter odes! %%i one
| ongi t udi tat ceirdet ©f the batet elektredeckdrs QUgSL7c, 17d, 17Mi6 e irdditad €Adhaped, bs of

the stack. conprising. the secaond capacitor are connected in series by
j oi ni ng t Hethe craspsedionsk view s Figh 28ottRhe ensiiertiel iwantficiendly chpserengughotojthe
el ect rOdeéaipa@ﬁ'& assembly, then the insulated sheet-like conductive elements 32 will be bent
10 longitudinally in opposite directions upon exiting the foil electrodes of the capacitor
assembly and then connected to the external electrode bars as in Fig. 24. If the top and
bottom conductive elements 33 exit from the capacitor assembly with a relatively large
gap, due to the assembly being constituted from cells that are thick or numerous, the
elements are bent longitudinally into two inverted U-shapes as in Fig. 25. In all examples
15  of Fig. 23, 24, and 25, the middle element 35 will make a direct connection with the
middle electrode bar 17b, 17e. Insulator film 34 will be inserted and bent similarly to

protect the elements 31, 32, 33 from shorting inside the casing.

If either the L-shaped or U-shaped element folding is used in the above mentioned
assemblies, the distance traveled by the current may be increased, but circuit inductance

20  will be reduced due to a smalier circuit loop.

Care must be taken to ensure that the spacing between the outer electrode bars in
Figs. 20 to 25 provide for enough insulation so that discharge or switching occurs within

their respective devices and not along the external casing wall.

The invention may be cmbodied in numerous ways other than as described herein

25  without departure from its scope, as defined by the following claims. By way of example -
only, the dielectric materials used in the capacitor assembly of the invention, may be
replaced by new technology equivalents such as plastic resin films including hazy

polypropylene films.



15wherein the first and second capacitors are connected in series and
integrated into an enclosure (70). 2. A high-voltage capacitor assenbly
accor di ngwoeool®ists1l, wherein the assenbly includes extecmary®h@edosndes
(17) that are connected internally to the first and second 20capacitors
(11, 12) and have a |l ength substantial Ly corresponding to the I ength of the
fol ded sections of the foil electrodes.” 3. A high-voltage capacitor
assenbly according to claim2, wherein the external electrodes (17)
conprise on said one longitudinal side a first pair of external electrodes
connect edcf Qg first and second capacitors in series, and on the other

| ongi tudi nal side a 25second pair of external electrodes connected to the
second capacitor. 4. A high-voltage capacitor assenbly according to claim
3, mhereiﬂ t he fi.rst Qalr of externg{ el ectrodes (17) are disposed on one
side of the asé&digiyoltag eﬁ?%ﬁ“ﬁfi‘%?elp Ys 6Y"THPOHEE | ongi t udi nal side of the foil
el ectrodes, angﬁm@hﬁg ngadlng of external electrodes (17) are disposed on
t he ot her side of assenbly in proximty to the other WD

2011/ 381516 PCT# h¢20d 0400834235 | ongi t udi nal side of the foil electrodes.
55. A high-volta aci tor assenbl cordln aim 3 wherein the
pairs 019 exterﬁ%ﬁ %&tf’? B(HB%rls‘é‘?%aE %@801{06%?%4%%?}@6??3&1 ¥sisscitor foil
el ectrodes Vi acRardfitp ké/pdcﬁ&%e'ﬂse(dOﬁ&ﬁﬁﬁnshhé@n%&B@%&r&én‘!%f@';ﬁmeﬁoﬂ o are

bent longitudinally to formtwo inverted or two U shapes
(23). 106fol Heggredon(10dgeparatph by dinlecaris b BY) ub@)ly -fd i as$ubgtantaltyi r st
capaci torﬂ£t4\9vp)im<? r)ﬂguratlon,
10 wherein adjacent cells of the stack comprising the first capacitor are connected in
series by joining their foil electrodes on one longitudinal side of the foil electrodes;
wherein adjacent cells of the stack comprising the second capacitor are connected
in series by joining their foil electrodes on both longitudinal sides of the foil electrodes;
and

15 wherein the first and second capacitors are connected in series and integrated into

an enclosure (70).

2. A high-voltage capacitor assembly according to claim 1, wherein the assembly
includes external electrodes (17) that are connected internally to the first and second
20  capacitors (11, 12) and have a length substantially corresponding to the length of the

folded sections of the foil electrodes.

3. A high-voltage capacitor assembly according to claim 2, wherein the external
electrodes (17) comprise on said one longitudinal side a first pair of external electrodes
connected to the first and second capacitors in series, and on the other longitudinal side a

25  second pair of external electrodes connected to the second capacitor.

4. A high-voltage capacitor assembly according to claim 3, wherein the first pair of
external electrodes (17) are disposed on one side of the assembly in proximity to said
one longitudinal side of the foil electrodes, and the second pair of external

electrodes (17) are disposed on the other side of the assembly in proximity to the other



a second capacitor (49a; 56b); a third capacitor (49d; 56c¢); and a fourth
capacitor (49c; 56d); 1l5each capacitor conprising a stack of capacitor
cell s (40yoeonmBedied i n series; each of the capaciptomemhé/e006340)
conprising an arrangenent of a pair of elongate foil electrodes (10)
separated by dielectric (20, 30) and myktiply-folded in a substantially
flat, wound configuration; mhereln adj acent cells of the stacks
conprising the first and fourth capacitors 20(49b, 49c; 56a, 56d) are
connected in series by joining their foil electrodes on one | ongitudinal

side of the foil electrodes; wherein adjacent cells of the stacks
conpri si ng %Hﬁdlﬁﬁ%?d%dofqﬂéjfohr@léﬂroﬁésoac' tors (49a, 49d; 56b, 56¢) are
connected 1 fi series b ning their foil electrodes on both | ongitudinal

sides of the foil el ectrodes and 25wherein the first, second third and

fourth capacitqrs are connected in ries and i tegrated nto an encl gsure
(70). 7. Ahi ghR\}aeHa%aa?acaam%ﬁssggi ﬁ Qwﬁg 3196 4¢ W Frmnat%enﬁ@?e n the

assenbl y external BEk t Ira%xgﬁgl@?) %%feepe%ﬁvé Q%ﬁacﬁ%@foqpﬁgﬁﬁ}dgg “%s&ﬁﬁ glly to

the first, second, ourth capaci t 49a t 56d) .
WO 2011/ ommea@méeme 10nd@i38 4leREents thatsmearbent, loagindirtatly tpdonm ofo inivertédr ee

ext er nal ctr n onnect to the respective capacitor foil
el ect rode F%Fsggfs%zg 9’9‘? ﬁs%??%‘?se( heet-1ike conductive el ements that are

10 6. A high-voltage capacitor assembly (80; 90), comprising:
a first capacitor (49b; 56a);
a second capacitor (49a; 56b);
a third capacitor (49d; 56c¢); and
a fourth capacitor (49c; 56d);
15 each capacitor comprising a stack of capacitor cells (40) connected in series;
each of the capacitor cells (40) comprising an arrangement of a pair of elongate
foil electrodes (10) separated by dielectric (20, 30) and multiply-folded in a substantially
flat, wound configuration;
wherein adjacent cells of the stacks comprising the first and fourth capacitors
20  (49b, 49c; S6a, 56d) are connected in series by joining their foil electrodes on one
longitudinal side of the foil electrodes; '
wherein adjacent cells of the stacks comprising the second and third capacitors
(49a, 49d; 56b, 56¢) are connected in series by joining their foil electrodes on both
longitudinal sides of the foil electrodes; and
25 wherein the first, second, third and fourth capacitors are connected in series and

integrated into an enclosure (70).

7. A high-voltage capacitor assembly according to claim 6, wherein the assembly
includes external electrodes that are connected internally to the first, second, third and
30  fourth capacitors (49a to 49d, S56a to 56d).

8. A high-voltage capacitor assembly according to claim 7, wherein said external

electrodes comprise three external electrodes that extend in parallel on one side of the



5bent longitudinally to formtwo inverted L-shapes (31, 32) or two U shapes
(33). 9. A high-voltage capacitor assenbly according to claim7, wherein
on one siN©20fl/hg6assenbly corresponding to said one | @0FMYGe10334 de,
the external electrodes conprise a first external electrode (17d) connected
to the second capacitor (49a), a seconggexternal 10el ectrode (17e)
connected to the first and fourth capacitors (49b, 49c) and a third
external electrode (170 connected to the third capacitor (49d). 10. A

hi gh-vol ta e Eg'paci t or assg 1é{accordl to.clai.m9, wherei r]?on t he ot her
side of t ABOYCE BRI & Fxional CHPH%%bql%Eﬁ@ﬁﬁFﬂéfP rg@ecve

external glachtofgSeledRde® WY bafiah % ted shebt- hﬁétcsﬁ%vsle?&ﬁ&ﬁ &a]( V£

connected to the second capacitor , another sec ext erna ectrode
(17b) i:onhmﬂmgmudma}hyet(s@umrtdmambritemlrshapeap(éd;32)rost\@d%shap@sjo33and anot her

third external electrode (17c) connected to the third capacitor (49d). 11.
A hi gh-vol tage capacitor assenbly according to claim7, wherein on one side

of 20 the assgnrqgu-v@%geeéa@@aﬁirws&&@%ba)r&a@g tb legﬂnwcwmém%nd&e 48 of

external electrodes conprise a first pair of "external electrodes (171, 17j)
connect edthe@ssembly corsespamding manmomlpagumhmzé S(dﬁﬁtasa e$téthal eledtPodes comprise

hi gh- vol t age ,capaci,t a accor, al m.11, erein pn t he ot her
2595| de of %lrsﬁg %@éﬁ%ﬁ’oio@:}a% aftﬁ%g‘f @‘% e ‘WB?CWOBIQ 13 TS §’ft8‘élal t he
extermal ekaeddequies ©aMRLEESD the HEE ARE fRMN caphici®Xd @9B49S |aﬁ&hrt1§l§jd3§xtél%zg1

17h) connected to the second and third capacitors (56b 56¢) .

hi gh- vol t elgeirededaéd) connested debhethind cepagiton(4Pd)- any one of the precedl ng
claims, wherein the foil electrodes (10) of adjacent cells are joined at a
single instance on the or 30each | ongitudinal side of the foil electrodes.

WO 2011/ 081516 RGREIVEIRR/ApA3B4 aRémblylabcoriny @ivlaiml 4, &@i%reﬁﬂbﬁ@lild Stherasd&enbl y
accordi ng o clal 3, wherein said foil electrodes of adjacent cells

are connett &f f‘%?@%‘ eForEsspaRding it thg otfer Inpgifuding) @14% dhfh Sitespad plestrgdes

15 comprise another first external electrode (17a) connected to the second capacitor (49a),
another second external electrode (17b) connected to the second and third capacitors (49a,

49d) and another third external electrode (17¢) connected to the third capacitor (49d).

11. A high-voltage capacitor assembly according to claim 7, wherein on one side of
20  the assembly corresponding to said one longitudinal side, the external electrodes comprise

a first pair of external electrodes (17i, 17j) connected to the first and fourth capacitors
(564, 56d).

12. A high-voltage capacitor assembly according to claim 11, wherein on the other
25  side of the assembly corresponding to the other longitudinal side, the external electrodes
comprise a second pair of external electrodes (17g, 17h) connected to the second and

third capacitors (56b, 56¢).

13. A high-voltage capacitor assembly according to any one of the preceding claims,
wherein the foil electrodes (10) of adjacent cells are joined at a single instance on the or

30  each longitudinal side of the foil electrodes.



15. A high-vol tage capacitor assenbly according to any one of the preceding
clains, wherein said foil electrodes of adjacent cells are connected

t oget her WO 2a1148i1%gi ng el enent (13) that contacts each POIIIM¥l0a@0M0diHe over
substantially the I ength of one fol ded section. 10 16. A high-voltage
capaci tor assenbly according to claim 38, wherein the bridging el ement (13)
is a sheet-like elenent (18) that is folded to define a pair of |legs for
connection to the respective foil electrodes of the adjacent cells. 1517. A
hi gh-vol t age capacitor assenbly according to. any one of the preceding

cl ai ns, wﬁ‘grei ft Bighgvoltaga crpasiter ssembly eceondingciedlaon s 8’%6%’&1 segfalidi nal

si de. élithrd%ieE'i( 'o‘f@d}a@&ﬁ c%ﬁ??%: égggeﬁéf%%@ﬂh& ?vfbgﬁgg%lg??tttg?iﬁmﬁ ?tg&inglf the

precedi ng clal ns, ereln eac section o ectrode 1s
gener & | ycengrs.angul ar or generally 20square in shape. 19. A high-voltage
capacitor assenbly according to any one of the preceding clains, wherein
each pair of elongate electrodes has a foil width of 0.2 to 1 neter and

foil Iengid of éhﬁ%msnagﬂe daackBr HReRibly adRrdifl to Aol BL HRASIHIRAGHOT

assenbly according to any one o e prece g clarins,
capaci t or sharem sidisdctmdeadadjacomectnateronpeontd together Hyol dédpisgelements of

their foi l.ectrodes t.ual rallel. 30 21 A high-volt capaci tor
assenbl y QégWBF%a“tt%eagH;O@ﬁéx%‘g&t%vgr f}}bé@élgflﬁp@th&l%{}g%g? %?efsg‘%ﬂ St assenbl y
is ingyegnated with dielectric fluid.

16. A high-voltage capacitor assembly according to claim 15, wherein the bridging

element (13) is a sheet-like element (18) that is folded to define a pair of legs for

connection to the respective foil electrodes of the adjacent cells.

15 17. A high-voltage capacitor assembly according to any one of the preceding claims,

wherein said capacitors are interconnected on said one longitudinal side.

18. A high-voltage capacitor assembly according to any one of the preceding claims, .
wherein each folded section of the foil electrode is generally rectangular or generally

20 square in shape.

19. A high-voltage capacitor assembly according to any one of the preceding 61aims,
wherein each pair of elongate electrodes has a foil width of 0.2 to 1 meter and foil length

of between 1 to 10 meters.

25
20. A high-voltage capacitor assembly according to any one of the preceding claims,
wherein said capacitors are disposed adjacent one another, with the folded sections of
their foil electrodes mutually parallel.

30 21. A high-voltage capacitor assembly according to any one of the preceding claims,

wherein the assembly is impregnated with dielectric fluid.

22. A high-voltage capacitor assembly according to any one of the preceding claims,

wherein said enclosure (70) comprises encapsulation.



