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METHOD AND SYSTEM FOR SI GNAL COUPLI NG AND DI RECT

CURRENT BLOCKI NG TECHNI CAL FI ELD OF THE | NVENTI ON The
w@e@smnti2s nvention relates to a signal coupli nECTES10081068400

and class 5 of circuit configurations. In particular,

the present invention relates to a nethod and s&stem

MEBT'@MN&)SMSTE@/I PR SHENALGOSHING AVRRDIRECH GYBEENT

or ceram c nonolithic co pacitors in otherw se
conventi onal coupling ci ?@U(li)?g"&ﬁ h symmetrical carbon

doubl e-l ayer capacitors. BACKGROUND 10The phenonenon

of capacitance has been known for centuries. The
TeGHNIEAN. EIEb &) OtiHHEsINMENjEiQ&éVi ce, the Leyden Jar

|
Concept ual % BISRENE Mygplien felatesdoa sighgl P RiRRBeingd nd class
of B ARBIAHBRES 17 BabBIF SRR YR UK A8 Ra Réthod

set para ctric y nonconductive space
aﬁdsiﬁénﬁ@imgmmmoubﬁnQSby$eplbe|ngrmvé6tlmrﬁaléﬂmhyﬂéopbaiamm
and is the distance 18 between them and if
mﬁuewhvce%@ﬁ"ﬁaﬁapﬁeﬂ%rau'apmrw&e Qﬁ”Vgnt'PH@rPQ%ng cwcunts with

s@%@%&ﬁ@ﬁ%oﬁ%é@olglﬂer%@pggl'térgr 10 is given by C= E

ere uni'ts o arads, equal to coul onbs
stored per volt applied, and Eis the dielectric
constant of whatever material fills space 14. For
BARKGROPMNE (or 20 approximately for npbst gases) the

meter . FornsBEpOkpb ol Papatiates fesdiee il G psEhuies
Tlﬁ?é ebhi%spé@@tﬂéfal sforage Hewwes, the. LéW@hE}arEVvdsSa 8imple caPacitor.

di nensi onl ess nunber char act eristic Of, the materia ]
ER t ypi calnliis slmpgﬁ cbnoeptaabimrmzafaapapé@rfmgs ishawadn Figure 1

ocarb ns su as Tef rou al yes 3.to
gy BRSO A dnortondicties blales o A 265se} Rhaglle withan
elgbﬁﬁh[\rﬁbﬁ&rﬂiﬂcﬂ% spacé 94 Hekah ‘tﬁ@rﬁx'lp@ |safh% &%afﬂi" of each
Istilled water, up to about 1200 for speci al
plpteoard ddsl tHeodistanee tbéetwaen thamgtamd if d is much Iess than the

square root of S, then the capacitance value C of capacitor 10 is given by
C=¢SMd

where C is in units of farads, equal to coulombs stored per volt applied, and € is
the dielectric constant of whatever material fills space 14. For empty space (or
approximately for most gases) the dielectric constant is go = 8.849 x 1072 farad
per meter. For other materials € is conveniently expressed as the product of g
times €gr, where €r is a dimensionless number characteristic of the material. er
typically ranges from about 2 for perfluorinated hydrocarbons such as Teflon®,
through values of 3 to 6 typical of most plastics and minerals, 8.8 for aluminum
oxide, 30 for tantalum oxide and 80 for distilled water, up to about 1200 for
specially processed forms of barium titanate.

Electrical communication between a capacitor 10 and the outside
world is made through two conductors 20a and 20b, connected to plates 12a and

12b respectively as illustrated in Figure 1a. As a result, in electronic diagrams a
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El ectrical conmunication between a capacitor 10 and

the outside world is made through two conductors 20a
wW@nw9AM123 connected to plates 12a and 12b respeCr/Usm®08g/068400

as illustrated in Figure la. As a result, in

electronic diagrams a WD 2009/ 003123PCT/ US2008/ 068400
cmf@r t&aﬁenr@,sergw 8y symhe! B¢ iR Jigse 1i>2rapﬁe$ar@lugéhe fwo plates,

e R R P R BT Ruelo™ IR of ARy bty o

pRIcEEAl cePacltPesithids if adbRioRSoitResslgh bugdt ihsulhihg$ Racket or
outer insulating jacket or coating to prevent unwanted

cmtrngeh@t prevent unwanded aysenhowntileakage, by intticated byi dasted line
f Figure la. As is readily seen fromthe equation
l9§ IHBre gﬁ' capacitance may be increased either by
' ncreasi Ns rééﬂllzré%bﬁéfﬁirﬁ%@e QatidtYjudegiBAStAhcitance may be
Early capacitors Using enpty sgace (or hore
lrprmedoathey byadncreabiegv@ iy inbesasing et ershy decreasdingat. eEarIy

30 in Figure 2a, had very small val uyes of C,. on {1
c Qféttor%PS'ngeé\}\PtY(ﬁpﬁP@ZP'éW& p(%"'éafbﬁ air E’ B’)’e%th%r plates, as
r
AR G205 ) B LGBl o a e

pigufdtada pEE|tfarai)fupntd 4 fetw hendvee pnmfatdw thde useful at very high
| ow-vol tage el ectronics.
frganencies enabyoltagesdin f@r@anaéhquqalmgtwogﬁewqmcmwé% bipd little

e Pt el R o se B[RS, a5 1024 et er)

film 32 ofThginekt gemeraton aPeapaditaps ass llastrateniis Fidure e placed
pl ates were fornmed of netal foil and the filmand foil

thﬁe¢cé’ldt@ll1/%@|&t©§; srusbrcloser togethertsepacatediny a tun(typieglly around
nbln ease in S decrease in d-and _incre [N
1§ RN RoE SOk Meed RSt 5" Plrle” JVREALY i€ BRfed Rere
foFRHeR dfwﬁstah fAINgHd thie! R ARPHG \ﬁer@%né@tsgétﬁéproia caﬁfp@@fness
to a few hundred nanofarads, though at Teduced working
Thelresigtisg ocdombiheagsinatdagedn S Welteasedd dvand increase in € made

RARGRADIANGE BYP 19,867 PIdeTs o gty SE LieNsh troffbatia d aanefarad
(ﬁf*’sﬂr%)ﬁ]oga fégt @Eﬁcﬂre@%ﬁéﬁo@éﬂaeg fFbu ﬁ%‘t‘?ét% el \R/SFkﬂT@jvoltages of

[ capaC|t ris [t up f
ushalyranfew hgnditadvdlisbout 10-4 neter) Iayers of ceram c
34 and a netal such as palladium fired 25 to%F her

into a si EBP@%@P&H‘F%‘W rEelgalric (cefarpicst BYpst AT ihegy pased on
ﬁ&lﬁwﬂ fogg%é?cg B?ﬁ@h tﬁgr\{é\t‘éqﬁa@é ﬁ?&m'e a gjrﬂ%r@ %rﬁﬁﬁﬁ' &

I'I'mcapacitors an

capdicHore tertiel menylithicy FSuet uecmf)" Capdoitoe & t&liﬂt@pfﬂom alternatlng
typically around 1200, offsets the necessarlly redu

thin {(@@Lﬂﬂ@g [petes) layars okcaramia 3 and F ewtalsveh @ﬁmladwm fired
0% RIS RS oA b A AP b Y 2 Owhie pracica

dEﬁ&éQQP@&‘nTaHCth%?rail@e‘é%léF% ndriifadtBrehRf fildh capaghtors and much
capacitors where t

more durable. The very hlgh value of €g in ceramic 34, typically around 1200,

offsets the necessarily reduced S yielding practical values from a few nanofarads

to about one microfarad (10 farad) with working voltages typically of ten to thirty

volts. Ferroelectric ceramics may also be used in “disk” capacitors where the
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WD 2009/ 003123PCT/ US2008/ 068400 ceram c repl aces
material 32 in the previous exanple, yielding smaller

wo ad0gmee31ef capaci tance but able to operate at PCT82008/068400

vol t ages. A further devel opnent,
permtting | %e_capaci tance in small vol unme through
ceramyje replaees Matsrial @) in the prgMoysexamels; yislding smaller values of

RN boF Bole bt B Y Hidhd VRS as at i mumoor
t ant al um Aqtgh@ddévelSPmentpemRtifs ﬁ?@@ab@cimbﬂﬁ &fhall volume
its surface area, then placed in contact wth an

thevwgh lasyg Scarsbvemmysraglbdi was ithmelectralytio sapatiterdascillusteated in
and I e, thin 0-6 ter,or so) |ayer of oxide
Figite 8 itR s Tedstonelpiateds Kied 8f s B tals el mindi or
tatitd|Gf, RHe Mﬁéﬁﬁ&é}br&&%e&tté‘ inBRLitPsurfd@ads, tHen
a 10 ferroelectric cefamc) and I's orders of

pleagdiin cortachwithan eléctrolyte3tl By applicatimneofi ancantrolled current

o AR i 55 sy R S surtece

o B B S LBk 1O Kl Pl 9 e
fetletd cbricreatantit) ahe dtis okgdrs of eeaatutderthinher tHam wouldzspossible
.15 electronics, by making relatjively | arge capacitance 5
'nv%m?@Qa@@@Hb RHtUR §'fr H@Hf%\i@l?laé'ﬁarﬂee\té_E'P% P’Pffb@nfh guerofarad (10
R ey DRG0 Rt e Bhell BobB0BA SRl yotaces

reliiiny fReintd fevg vorORea fehdinthed ediyn stry of the netal
and el ectrolyte. So Iong as the applied voltage has
€

the same pbe develppatent Raclegielytic saparitorstievelulionizedyer
o R EF v fuetild E0Bal ton smeptlisice LauEE sBh PRy

adHieddisle dByertriiticsfaveaP 86ivh8idePRERERST, kiR MRdWaleSink¥rently
resulting essentially in a short circuit. This

unidgectiarsal Qppolaailze@.!r é'd:llmlte'su_ﬁs _friO_m theemagafan:turing process and the
ot A8l S ARG A o
séfﬁi@?o%ﬁjrity o i %iskd 8 'f(‘!}ﬂY thePbxilid fayed '@ipkr%ftﬂ% el capacitor

polarity. 251t is worth pointing ‘out rocessi ng
functibnpbsirdenddéd.alf tied eoltage istreversaepabowever the paidbdayer breaks
than just one, as illustrated in Figure 2e, can ,g'\e_l d
d%wa@\rppggempﬁmgﬁ;wm% @ftgprggl kyi resulting essentially in a short
cifdlRY i§?éq3}i|‘e‘"sss(§>e§%.'ﬂ>réé’ hElifr fle G8E6H él%i&ﬂ)!lyﬁc capacitors,
capacitors'are occasionally used 1n signal processrng,
lirhitihg ekeimkefuledstordpplieatiorses uthdaDpanet storadeimswhighhihe
as filters and graphic equalizers. Because of 30 the
applieg: witageip pwaysyofdhe sams, £6trecbP@AEN: esul ti ng hi gh

oot ve R houh SOl oA BRTLERLERI R ap cectom
c@da&ﬂor 40, rather than just one, as illustrated in Figure 2e, can yield a device
with approximately symmetrical characteristics. Such symmetrical electrolytic
capacitors are occasionally used in signal processing, for example in low-
impedance audio applications such as filters and graphic equalizers. Because of
the greater complexity of manufacture and resulting high relative cost, however,

symmetrical electrolytic capacitors 40 are often a last resort when nothing else
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WO 2009/ 003123PCT/ US2008/ 068400 wi I | serve. A nore

comon approach is sinply to place two conventional,
wp@odoandzesl el ectrol ytic capacitors of equal vaP@EUS2008/068400

back-to-back in series. Leakage through each capacitor

inits reverse direction quickly charges their common

willseivet 6 mMor geMERSLRPPIParh ysimply o ekaea twe gonMentional,

PSBHFES IrstBRlC SerRBlo  BRRlraub BpRiatt BRI Sepien Lephase
thrGigH 8asth eapadifor ih Rs F@liRSe dabbforPuierytha Ritcommon
The newest devel opnent in capacitors, and Torm ng part

point tche highvemauginvaltagertolpravent fuither reverse biasingl Bed the pair
h"ulftr capacitor. " "[su erca] acitor," "douhl e-1ayer” or .
thegy fupg rexmatplVEs WOl aingls, symmelrieal apggtipy Maving
ofiéalfahe toedVahfd & O5d Qdnibbfertapaci tor illustrated in
Figure 2e, but I1nstead of a layer of netal oxide, it
depends f Ohe inewestidevalopmeat inocapacidors, ahd dermiagrpast of the

nYBriebHat L GloW: Bane Sovles i NAaPREIO na sUPS RRPaglor.

i@ i ) u. i H ” 1| H i | i .
ol EBF o SRAHERE, (00 CRRBETHRTE L iar o a
eleptrolytic eapacitariliastiated o Figuso26 ahuitddstedd b ladayerysfrmetah oxide,
_Which 15 one layer is formed by nobile electrons in

it depends finitsddiekeririe hen Biensurfage bayper Botestal whichigises at any

. el ied t.hj .

PhIS) S8 IRl R e RS e, 4

illeswPAtedZR PRy 2T ivHerr thie ddaendingatefialis@an electrolyte 36, this barrier
Because this layer is very thin, often | ess tha

n a
arisgsothseugh theospnianequs fognatior oha se-ealledsderbledaygre ip which

B Vshin (pritegity RS Pleifons i EAbER iz nd e dfer by mobvie
iohSYh @r?éeréfctrbgté 380\ oltagB Hpplie® Bcrbs3i tRisBBULK I3/epdraws the
0.05 farad (50,000 m crofarads) upward to many farads.

ofihesittorhesges apaitsleavingarhimempiyarene ihichetosmsdhe idigjeetric.
it f this.t is limted, d i it )
conot r uct PEFRUSRIN VT iitet Fihnptier (38 Pa Padamstet 610°
n%t%?,xéﬂﬂé&‘%]@ the sé@‘a’b@gﬁeé’fs & BBEE of HéR i d® cbohre@irbon
VO S. or |

gher vol tages, multiple units nust be
aegetistedranmely dighe practical capacitance valwesrihydevices of this sort
doubl e- | ayer, capaci tors_opl

f
AR AR MO AL OLPP D AR P8BS RARBLRAR) APHES O many
e W e
typeris filniteandeséndihg bntittecatistraittion ghe thSligiid fotheingdhe déslectric,

toi lalr#:xtir;ﬁﬁr\e\?voirkri]ng':ivglltjargee §F no tr};fj:)s}e than two or three volts. For higher
voltages, multiple units must be connected in series.

In early double-layer capacitors only one body of porous carbon 42
was used, one wire connected to it through a metal plate backing the carbon, and
the other wire to a metal can lined with specially processed nickel 44 in direct
contact with the electrolyte. Such a device, as illustrated in Figure 2f, has
properties like those of an electrolytic capacitor (illustrated in Figure 2e):

operating in only one polarity, and liable to damage or destruction if voltage is
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30 properties |Iike those of an electrolytic capacitor

(illustrated in Figure 2e): operating in only one
weoliaooigs and |iable to danage or destructi onPET/US2008/068400

voltage is V\D 2009/ 003123PCT/ US2008/ 068400 appl i ed

t he wrong I ckel content 44 al so_mak
apréliamh@éwnsd@@y ylt%ﬁu:keb@pnte@ts“%g@d raekemf dqelawéelv ﬁOSﬂY and

388 il b Figh Sl 8 S REY R el
however, sﬁmmt ke t@ﬁ@ﬁﬁ@memgvmmdmryt h@\hlévéreédvances
and nore economical to attach carbon to both 5 plates

irdﬁCbn@lyg*yrBave ceadel stneler apd mesgresnooTicaldo eiane catbamto both

Pl 8 Syratiedl foLBREIAVR) pebagtor 451 it dhpfjs Bt” sueh 2
céﬁé&i’t‘éﬂd iﬂﬁst?él@d FPlﬁ Fifife 258 TI@#&'UMW@Q%EJ@CHGFS M@réﬂltﬁﬁle fr(])r

vol tage per cell is typically two to three volts,
Masg peod WIdna@'Eispm&saanea‘ap@I)bgqumnga cWatkingwoltage per eell is

typfeallihup 16 UHFEals: Wi ghes SoLaoSs FHEBEDE MerrraniRe qwo or
& REjI é“s@n &&R%@é&illﬁéﬂrﬂteﬁ‘{ﬁ'ﬁ leezratsmbums%%.tabb for
a 1.00

ow as n quantit One such series
pmﬁtede)mcuesboasd tﬂwnﬁhglbré Bpmmmpﬁwemiaﬂyeavaha,ble:ah;pma aﬁglow as
Q.33 . and 1.0-far ad devi ces aI at e

ala?ut5$150%?9a in ﬂpan@yn&negwm 18P ledayiiasgdhe é?ynacap
h 5
s BRI ITTRL 4 120 A0 QRIS 1 bl 5By Bbo 8 at 5.5
vém beyond those of energy storage. A likely cause is

the fact that the previous generations of high-val ued
capaci t or § s Bokgengraly eraogpizpdi Bowayele mairtbe Ngt ymmetrical

ol BBRaREE oSSty LB AL 7 sERR g ST s o

b&PIRT thoSe R éReRfsStoRdde. W\ﬂlReIS/hiéu@ér@ﬂfé filcefHat ehey brevious
junction, it 20 is not subject to such damage. IT it

gerserahoawf high-\dilged papagitars, steh asceleotralytic cam@ltqys were
nst ant n a . nodern,s tr
aloiiist Exelubively R TBRE BN SRelt S8imabBt R eNBSE Rlariy. Since
tHéaéIEQﬂi‘lcan@Jmé HyRr b@ﬁ%spo?ﬁmlé’ ithitHe Rapyorilerclioffe junction, it
capaci tance in one polarity while the other acts
isersct estubjestt koy sach damlaget Itit isciniany way tisrupted hié cap pedome virtually

rBfagiive 14 & MegerT Sragelie! SBlldRKerGRRA L GoRaving two plates

(?%@g%ﬁfar at‘ijsq?}% ttths cap%"?%%syg% in’%g%seh@h

capadiadcé fin bnapdlaridy dhire the dthereacts essentiatly asizostsort Cincuit, while
each case, the capacitor 48 was charged froma 9-volt
indhrAnpesite @Ql%'tbﬁ"ﬁ"éﬁ%lesc ACigYRr$8d100- ohm r esi st or

unt | 2, CPORSEARHlel Pid B EAds Qo BleordtEbindl

above the ra maxi num Wor
méaistifed fon @i t9picalEDMAl DXSRBVATB faidcap3¢0.04N éaradt 55 volts)

cgpa;cntolp ig |r(iI Ib?)%hotnhréer%ta?kded “-1|‘-<|)qr(\aNaCr<€il pgr?d tmoarrkgd) | rte?/gresem%?rectlons In
each case, the capacitor 48 was charged from a 9-volt alkaline radio battery
through a 100-ohm resistor until a connected voltmeter read 8.50 volts, well
above the rated Dynacap maximum working voltage of 5.5 volts, indicated by line

60 in Figure 3a. The battery was then disconnected. The capacitor voltage was
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WO 2009/ 003123PCT/ US2008/ 068400 neasured at increasing
intervals and plotted against the logarithmof tine.
wEpmonbBielr ves 62 and 64 were then fitted to tPEI/US2008/068400
nom nal "forward" and "reverse" data points
respectively as illustrated in Figure 3a. . )
"ﬁaaﬁ{qiﬁt 'eﬁéaam intaryale ¢ pletter agalwstthedegatthanphtime.

SRR By o, 1 e il FREQT HE Rb23 AR, B pverse
dalagiding respectivelyas lubiratesl i Figuret3aon of vol tage. As

seen in Figure 3b, the |eakage drops fromrelatively
hi gh val uEEMéle changg inArliagedaivens sugeessivadatageints the

A B S T A

about twenty m'croa%e_.réa Aétﬁéotdh@/w e of four to

five volts. Bel ow faour vol the |'eakage drops again

ah@ plonerrloyaithaticd |48 furioRlof Kbltagd NAssdeh i Figure 3b, the
di fference between marked "forward” |eakage val ues 76

leakagerdrépsofromeetatively high wekiesseds pointiOs(above éhe rated iveltage
A B SR B Sre e P S ke lteas
(AP REIT1 L SHPRIEH) HiyGEHDHS00u SR GEL) Koyt e vl
Belosr fipur volhsn the deakiageudrops lagaamto loweamalukes (aciundupdint 74).

el enent ,#si ng the capacitance betyeen the circujt
TRereng 4t e@agsathee @wfsreﬁ nérwgrq ypRitage \aldesy 8 pad rpgrked
B GSp 1908 18761 s UeTests QoL i RAPGRA Pl acros

theaptad working\voltays rargecapaci tor is used to connect two
circuits such that only the alternating current (AC
si gnal f r @rettyrical application faricapasiterads capaetive cewplinge

SBECHA, el R o B LR o Biham one
cifglitt élB@enbio 2R6thek tir@uii éleminit usiytharcaphbitarceohetarekadhe
Thus capacitive coupling is also known as AC coupli ng.

cipBt @emenisgCapacitive cpupling isdyealiynachievedioy blasing agapacitor
GRS RBREP B RIRY SEe eabusl e e &
c&dﬁlhgidﬁpﬁgitéﬁ%%bhbﬁ’r@ Yasatiteh RdusY {Scoritidlt fvé 8Féuits such that

coupling capacitor al'ong with the 1 nput iInpedance of
onlgéheakernatingeuirenhtAG) sigoal fromdbe flirsttaincutiicdngeask through to

successive . filter resylts in ac lative filter.
e WP el BOGRAL DIR NFKden ) FRetiimsumay g used to
aviy %'ltbﬂﬂ%ﬁ?é’% Biﬁ& sléﬁr@sl of éé‘éﬁ%ir’&ﬂ? %H@rﬁ(‘?\e? npdHterconnected.

capacl tance so that t reactance (at the fowest
Thus qapaciyveotouplingrie atso kreown as AC coupling.

A coupling capacitor may be known as a DC blocking capacitor.

Capacitive coupling has the disadvantage of degrading the low frequency
performance of a system containing capacitively coupled units, since each
coupling capacitor along with the input impedance of the next stage forms a high-
pass filter and each successive filter results in a cumulative filter. Thus, for
adequate low frequency response, the coupling capacitor usually must have high

enough capacitance so that the reactance (at the lowest frequency of interest) is
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WO 2009/ 003123PCT/ US2008/ 068400 mnuch hi gher than the
i nput i npedance of the next stage. Poor | ow frequency

w@erboeirence of a coupling capacitor can conpl PCHUS20081@68400

transfer of NC electrical signal having | ong tinme

constants. Prior art devices, for exanple
myichdnigher than che innwlimpedanas efdbement atage- Lﬁ’qpr I@atf@quency

oRaagi0 A Chp b o Bathedi o FgheRt g ot
sitypal RHGAG BinfBibe cdhktamts Whi ch are here incorporated by
reference, have required the use of back-to-back

el ect r ol yPrier adsievicesr foriexample fhe bigelestronisustinewators

o AR A R M e A
6 535urdrey ang ad4c BAHAE SC PUbRSHePAp tﬁh‘N’@ 2001@267993 ean of
Wlth Si gnlfl cant unbal ance even or a relativel Yy sh or

w_bmh| aé heng inearporateld by oefeeence, have requireddhesusshof hdukrto-back
elg2iranE Spgtimr %ri‘étﬁtp&ﬁélé%?%%%'sﬁ } Bloskinge Wil cappters o
pldcRBNIEdISY, W %S%Pcé?ﬁﬁﬁag I| lfeHOcP"s'ﬁgna?é Hﬁé‘llng small

propagatlon ere e signal's ave
ucloaiaheed cbm@pcomhémt atﬁmqrgwerstlmles d hoseeeith Signifieantunbalance

R B b ) A bt
mai nt ai ni pg s@l‘éﬁ et‘ﬂ%?é’!? a hayt i BRUSR R c%? cﬂ&g‘?{%ﬁﬁling circuits

Al so, there I n sorre cases,

withdiepagood ldw ﬂ@quen@y pédornsare. SSwEPRN treql@emlmrfdrmance
circuit to contain series redundant el enents for
can sustainceffisient pignpbpropagetiumbrrey thersigpgls| meERaveleng time

AR ediPotaREs TRerd I it b 0P S8 ARV coupling to
séﬁﬁﬁﬁtlaﬂfy ocietRCtariste Cofdlfstt alittent SigRaldditporfdrid while
fromthe outside world to such a stage, or from such a

mairtgimingac¢aptabiedow draguiengdy perfeangnce. hlsgs these inadesd in

OB e BSy SREAGAn SRDr s APAIPRIG: faSueh e Epgpive coupling
it A tordrRaiA @ rie8 Wed@idarft leRShERRIf6r SABBRPESHYiderdfiShs.i N

el ectronic circuit design, such as resistors.
One inportant feature of the invention is the use of

SERIBRY, PE THE NN S osi on. as di oti ngui shed

from ener Aym&tRuafRt clas€ of GEURLIMYuPRidPSHE destlibd®for

i ntroduci ng
coupling low-frequency signals from one stage of an electronic apparatus to

another stage, from the outside world to such a stage, or from such a stage to the
outside world, through the use of one or more double-layer capacitors. The
double-layer capacitors can be combined with other, readily available and low-
cost electronic components used in electronic circuit design, such as resistors.
One important feature of the invention is the use of compact,
economical symmetrical double-layer capacitors for signal transmission, as
distinguished from energy storage. The method may be beneficial for introducing

signals from electronic apparatus into biological materials, such as the living
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30 signals fromelectronic apparatus into biol ogica
materials, such as the living WO
wWQO@9/0®A3323PCT/ US2008/ 068400 hunman or ani nal BPOTYS2008/068400
ot her organisns, or cells or tissues in culture The
use of doubl e-layer capacitors, providing hig
hymap«s animabbeady, OiheIOrpanigas, @é§e|dﬁ ow%ﬁﬂeiSdmcu&tumee use of

ARG i hire” RrBERD b7 YR ebalifeds B devices of

pFcHEAN $raall vixel ehdSéddt] cdan pé#mﬂmeatrayn%miofnl csf@npot%nnany much
di rect” current. Anot her i Hgort ant feature

widertrange oheigaslsbvith farjess diateition whie stith bleskingnaryc sigaificant
d] n tt hegpngt h of signal flow w th both capacitor
VeT'HUTE™S f1oating, rather than as usual with

double-1a Xﬁbth‘é@ﬁ}ﬁﬁbﬁﬁﬁtsfeﬁﬁﬁé ROtk tHeeéﬁﬁbI@ﬂﬁyéerdﬁa%%rs can be

connected to grou or anot her point of fixed vol
cdimexted mihespath of pgeeatiew olitnlidothl capacion tegninals flmttng, rather
acitors fromo

conponent s of [ | th h th

thaniruehal 2t cktieJayes cappaifars J?Vterwcai}ﬂs?ﬂeqn%iea@@a' €onnected
I

{gE AR AR ekt MElpey ke iRTIE) °

akternating- mrelmwmponﬁmwofastgmla(atmaugﬂnﬂ\e ammdlters from one stage

especially in bioelectronic stinulators and simnl
ofa emroamma ysoanothersstgondrorithe eptsids werld to such a

s@ﬁ {)Pﬁpﬁwosdéhvé Qﬂigylotthé difsi¢ WoridUsh A%‘B q?kmq any,di direct current

I C reacrtit ons

cOPPbHERL. OT hi$ featlr/eam bl rmparttaht(aes(smlaw imbideledteonic stlmulators
di screte doubl e-1 ayer capacitor devices connected in

aa@sm@r m@@«sam%@@s@ﬂn whishhany eelcdirent eHrrgataprlied to living
k of t
S e Ry Ry BRI By ance 1or successt ul

coum i ng. Aﬁ@ﬂqeﬁ!maahsnt fewmra%fm@mvéﬁmﬁ%&h@%edofbﬁunnple
connected in series. The new synmmetry of

digotedé eloubleelayenpapaditor devipen sonhested dn series,irepardigss of
i cat ons i V\,hl ch doubl e-| ayer a acitors, .
whBfherehyp ich dpulcuTaposes palticaf of § iAcK Fdorgs more, whie
|
mma.d.ﬁ%ws%ep“ Opgx.té}%ceowgucééygnﬂ BUPFSS FaPagarhBles two

Ty extended timng characteristics
sdcredéviceéd eoulddradesrmented Rbsarsgni t ude hi gher val ues.

except | ondE PERCRUTERYSclpuble ByRE s Tars PERES therego new
fi%lpgil??giyciﬁngp% dﬁ%vl’ﬁ@n HBGFI%rIggér (]S)%)a%ﬂogz ggpeélﬁﬁyg lr?\yalues of one

ance | eve w au reqguenci es

fdrae ot (dvéiz canhgeussaan thesan® waty bswthémﬁﬂmmmwr@pa0|tors yet
used or when distortion nust be mnimzed for sone

wita @xeaptieiallyiedendastimngehareeigristichdiunta theirqders-of-

magnitude higher values. For example, such capacitors can be used to couple
exceptionally low-frequency alternating current (A/C) signals, such as on the
order of 20 Hz or less at ordinary impedance levels, or low audio frequencies in
the 100 Hz range when unusually low impedances are used or when distortion
must be minimized for some medical applications. Other low frequencies can
include, but are not limited to, a 5-15 Hz band, as well as 0.00056 Hz (reversing

every 15 minutes, full cycle every 30, - which signal generation technique is often
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30 include, but are not limted to, a 5-15 Hz band, as

well as 0.00056 Hz (reversing every 15 mnutes, full
weywbsoreery 30, - which signal generation tech@i/{ysmos$/e68400

often WO 2009/ 003123PCT/ US2008/ 068400 referred to as

t he Borgens application for nerve regrowh), and
refeaad & a5 dke Borgens applsation forpervagegromiia pnd digquencies as

SO TR BB 6 B A, v .
oh8HRSt I &t8-fshth Otheed teitisa e huridie e, tH”r@émmdfétﬁhs one

one ten-t ousandth and three ten thousandths of a

theexsandthkm]?éhousﬂndéms ey tﬁnéhgwcéb aandathﬁ@e teremh@andths of
t
11 HBve v pU R ar kBt Aie oL hsuaeg TS consaf e

i,{\,@ﬁm),qne stage of an electronic apparatus to anot her

stage, fromthe outside world to such a stage, or from

such a st dbe capaciters mansicdiplerthelsd lowtiidquency A/C signals from

bIo dj rect - current nponent.s o

o8 §fei aawglﬁc?rﬂa&am%awééa o tETaRGe. Fohths b ?wé'de world to
t

TSR S 1 IR S B g o

duectpiurreyt ecbnipprehteofusrotysignals dnsl vbitiont ¢ime abed to ensme a
apparatus and the human or ani mal body, cells, tissues
SWC'%MCQ?@Q@QQC&W@WXFSES @qusértﬁepépaﬁ'tﬂrposes of
di agnosi SIn grtth[nl%?ttm:srﬁeld to?gﬁﬁﬁcﬁa%oﬁé%él{:’cﬁ'eéjfhegé&)‘ﬁﬂﬂgQJrfIow-

heal i ng, or urposes

fr@h&érﬁcfwé]gﬁéleg)et\ﬁéén elmmasapwbms & thiet igran ohanimal body,
acconpanying risk of electrolytic effects from

cliso |t|§ﬁ@%orem§l9t% ofgaNisA N sUkedar nwposﬁa@f/éﬁg@ﬁﬂsy

iR e Bl rpfh oF o ier TEARPE Dot RS RE B it o

e@c%bl’é%@)ﬂéﬁd éréfctrestlmammbhe/ﬁtﬁ&uﬂhesaé@wp&wmnek af @It‘d:trolytlc

regardl ess of any possible single-conponent ilure.
eﬁeaplfmm@yolong@@ekmgureﬁo signeduwhisiemay mactvnétenﬂm lcenta«n some
three" where an ritical conponent is nade triply

direch AHEE Camae §§ two of the three subconponents

suf ficienjy éﬁv m%%ﬁ@al@@wcétéowm fﬁ"e' Blsy, thedymeanstates Pebd and

capacitors placed I n series can be used to support
Dsag é\dnpmstratlonn requikesythatsifell be Maiktaines regardess of any possible
nt ai ni n sigpal distorti o

SRR ARPPOSNY Blie o SEPRIRIKS) tr SRttt 1 Feshireant ghthen Tule of
819* fHerd Qré)f]@ﬁ‘%deﬂ neRf anmag? ltﬁﬁl%‘?@dlmo%‘fﬁ With any two of the

ev ces m so t erate wthin the

trﬂee@ubcem\pméhtsmfﬁlcﬂm%r safe operation. TrlpIYefedammnritejutput
i mportant feature of the invention is the use
capagioss placedyr setigp san bsrused torypRertsafe pa?ramnyof any medical

d%gglé\o\?rillléeﬁﬂﬂrﬁglhglr?"l%% s :@fag Qvat%grfﬁohﬂpedances of

_ b1 ol ogi cal i'1'é mai ntai ning | ong
t1 me consp@sirfatively, where signals are sufficiently high in voltage to require

it, more than three discrete devices might be used so that all operate within their
specified voltage ranges.

Yet another important feature of the invention is the use of double-
layer capacitors along with relatively low-valued resistors to match the

impedances of typical biological materials while maintaining long time constants,
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WO 2009/ 003123PCT/ US2008/ 068400 such as on the order

of seven, sixteen, thirty-six, one hundred twenty, one
woeovdoexd23 i fty, five hundred, twelve hundred, BETUS2008/068400

fifteen hundred seconds, just to nane a few exanpl es.

O her values for long tinme constants can include, but
sygheamon the grderpfisevennsistegn, thidy-sixdene dundesd twentytgne

NSRRI, A 3688, APPSR g PR Wiy onas. st

n&Refy ekfnpRR. APkt 9dlugs!fbrBRgAme BbhstahtsSéfinclude, but are
capacitively coupled into a resistive |oad, the decay

nof Imaitedbto, oinge ondhetardesoftenl thirty, kel hunslred, three bundred, one
about

th@lsgn@ﬁggg h%cus%é,lgr; [iagg(ieﬁﬁa!lllyy%l%ﬁgésf it\higl_r}gap d s?[q:?%ﬁd;

where R, Ff2an gﬁglié‘d Golt o@ur{fm’stéﬁcaﬁé tively oupled into a

resi stances and capacitances all connected in series.
rdsistivklloadethe mdicay dioad, or dimestoatioe sigabliwsdeclieertedl/aoedbout

b i ngle equival ent series resistance Rs , and all
3@%329%% 8[‘3'@8 V@Hﬁa‘éiQ“é@fb&\é by a single equival ent
series capacitance_Cs,,the d ti is ,sinply given
by T = ReCs HHRAaRe fiRs Tc')rgﬁat;{hTﬂygzﬁiwéﬁ+de ired

td [ r i :
WHBEDK RIS clerand TR TSt S rey PERE8S SnBbaacitances all

conEoted fraseriar, €lf altite Pdividsdl easistanckaaleesCGarei replaced by a
required for satisfactory_transm ssion. The use of

sing l@lcﬁcwhf/a?Et sefigsdesistance Bspand allithe indiwdpalrapggitances by a
.|| '.' f 1 i i A i . .
sipflé Faufuatedl Sesipatibee SRomelfectv s Mimmy giyen by

provi ded the value of eachy ge};@q_zi tor is sufficiently

high to offset the |oss caused’ %/ connecting multiple
af@ B {oIhaintainLHives desired decay time, FRs §&&BREEs CMBust

resulting coupling circuits pernmt the econom cal )
ingodaseviene propdrtienaleunountal WheteoRg is small casist mestbiplagical

AT AT T
e ‘
u%ﬁb?ﬁ&b@k—léﬁ@%d@%ﬁ?g@? eESﬁéﬁSPMSQFEHL?%ﬁF Yale é‘flrlﬂ rrTe}oe;“ ge

arge di spl ace on e order of 0.25 coulo
camfihy uratien, tdeemits dipis imaintgnasce eyi torantirinkeycdnstants eqteshabeve
or .signals containing such | owfrequenpcy c ent s,
Pravisad el (lye 65 gL FERADIOF IS S%F'ee&éﬁiﬂ‘f‘éoi st the loss caused
[ i j : : ses of diagnosis,
b?rcgéﬁ(%%t&@ rg?ﬁ{pﬁéeb Ca;cét{ogér gflé%%%bf growth or healing
whi | e sti Fbr exarapientheargsuttingesdupling roistits permit the economical

achievement of exceptionally long time constants (on the order of on the order of
ten, thirty, one hundred, three hundred, one thousand, three thousand or
potentially as long as ten thousand seconds) and large charge displacements (on
the order of 0.25 coulomb) and thus the coupling of exceptionally low frequencies
or signals containing such low-frequency components, especially those below
20Hz, for example into biological materials for purposes of diagnosis, treatment
or the acceleration of growth or healing while still blocking any direct current

component of the signals.

10
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30 conmponent of the signals. WO

2009/ 003123PCT/ US2008/ 068400 The di scussi on
w@booeapHed ti ve coupling circuits presented in PEI/ES2008/068400
summary is for illustrative purposes only. Various

aspects of the present invention may be nore clearly
under st oodhediscappioacif gapacitive poupling/cispnitsfpresented in this

foll dd t f. the discl d
SREARY oty dshatYs PERSEERIY | YOHOUHERAIR TS RiSsPhe
m%ﬁ%o dnH‘yarSe Fridré %l@arlgqgngit%ggfe)gd %gﬁgipﬁéaﬁgﬁroﬁﬁm of the

s, ‘features ects of the

falloetrendetailed descnptionl ¢f tbedmnh;wdpanbodlm@tsaad\hytr‘eference to
skill in the art upon exam nation of the follown

ther dramings andtheselaims thad &llow. pMoggpver Oﬁhgr PRPEae
m%y\h/ a(fs? ‘f&ta?e%e%g§ ntﬁéa% Ca o%&ﬁbcgﬁlh% gl ‘?ﬁ\le tion v%ul1 become

ages, 'sTare

agisaent 1 dnmflwnhrsklllhﬁ the abteupwri éuammbeosmn&a fdllowmg drawings
present invention, and are to be protected by the

aa@ deteaileddasgrietion.nk is prendedshetall syctorspectsHEystgoey Nethods,

e 2oyt ahaScierl TR bE iRy QiR aBidription, are
toSBé‘ ViRl thecdcdpe-ofelsé brssen®inehtion, aid arARAse bﬁdtéct@ddﬁ' the
using a variety of different technologles

actqopanyidgclaids3b are a pair of graphs showi ng the
sel f-di scharge characteristics and cal cul ated internal
| eakage currents in a conventional, commercially

BRY FIoPser gﬂw@r@dlﬂ FIE BRAJVINGS: 20Figure 4 is the

emat| c agramo the out put section of a prior art

b| oel ect r Biguces 1l a ranidatboareusihegnateddiew s of pabeartigeingric c
ggmtors Figure 5 is the schematic

05 of the same out put section reconfigured using

gggg'r e LS‘*@ rgggag'xééwafeag gréé%vggl&n@ﬁaud Hlo8s Rl prior art
caperiors aade using a variety of different technologles.

Figures 3a and 3b are a pair of graphs showing the self-discharge
characteristics and calculated internal leakage currents in a conventional,
commercially available double-layer capacitor.

Figure 4 is the schematic diagram of the output section of a prior art
bioelectronic stimulator using redundant electrolytic capacitors.

Figure 5 is the schematic diagram of the same output section
reconfigured using double-layer capacitors following the “rule of three” according
to one exemplary embodiment of the invention.

Figures 6a — 6¢ are comparisons of waveforms coupled into a
standard test load, simulating the impedance of a typical biological system, using
the coupling methods of Figures 4 and 5 according to one exemplary

embodiment of the invention.
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25Fi gures 6a - 6c are conparisons of waveforns coupl ed
into a standard test | oad, sinulating the inpedance of

wa@2aoypdaad bi ol ogi cal system using the coupl i PQI/US2008/068400

nmet hods of Figures 4 and 5 according to one exenplary
enbodi nent__ of the invention. WO . ) )
2009/ 0031 bmwee /7 iksiied galosble layer capacitor cppiplifga signal
L4 st . le (g [ - ' [ gnal
DpidetA Pl R S Lo T R ERBECLRING R Bhe BB

einbodirBesXsfithé afvengishodi mnent of the invention.
Figure 8 illustrates three double |ayer capacitors in

seri es cobjgure§ ibusiraies thiee sloubieclayer eapanitors incsgriessaaypling

a i BRI Sty HRER oL Sor TR T B B R plary
efrlvRdirAéRfaRe MventiBhocess for coupling an A/C
el ectrical signal between two circuits u3|ng a doubl e

| ayer caphigureP iaadogigahiipw diagiamesfenpioseps phipgtan A/C
f the invention. 10Many.aspects of the invention can .
ofBstisl] sloPALREEnIHR SIS 1B S ABLb koA a888iing to

oHé%%ﬁ%rZEﬁ%@di%%ﬁtréﬁﬁvéﬁ%Mr?S shown in the
draw ngs are not to scale, enphasis instead being
pl aced upbanylaspekcts ofl thasnvextionganhee pettercurperstoofl with

exenpl ary enpodi nents of _t he present |pvention. )
relBressede the appye iRghs TORE! n@@f@%@é@@&%@wn the

oot s SO SN P U i Beary st
treopriresiples df egemipldry eotbotimentsasf thy preéssitiimantioal dviereoser,

thr_whout_ the several views. DETAILED DESCRI PTI ON OF .
ceni@nmplimrysiens o yeRexaggerated to help vigyally ppamey sHelk RANciples.

PSP o Breleinthe i Setah Bl e o bpAe ) bBFnot

nBesafily itidhtiedl, elehrsigs #fog ithe REge@l @icsovi ded so
that this disclosure will be thorough and conpl ete,

and will fully convey the scope of the invention to
CEEEES ARSI SRS B hel A EMRidpURERTSE e e,

are i ntenggd ihertiont@R-bd Enbobbd iAtHamTB@rértiefss and should

supported by representations of the present invention.
nabid eonstueat as limitad to des eanbodirents ael fathaberedt; rathesuthese
e%%rc])fdimqgrﬁt%ta{rg r;])Srovided so that this disclosure will be thorough and complete,
and will fully convey the scope of the invention to those having ordinary skill in
the art. Furthermore, all “examples” or “exemplary embodiments” given herein
are intended to be non-limiting, and among others supported by representations
of the present invention.

The invention includes a method and class of circuit configurations
for coupling low-frequency signals from one stage of an electronic apparatus to
another stage, from the outside world to such a stage, or from such a stage to the
outside world, through the use of one or more preferably a plurality of double-

layer capacitors, combined with other, readily available and low-cost electronic

components such as resistors. The double-layer capacitors can be connected in

12
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for coupling | owfrequency signals fromone stage of

an el ectronic apparatus to another stage, fromthe
woedogiaa2aworl d to such a stage, or from such aPGL/H§®08/068400

t he outside morld through the use of one or nore

preferably pl urality of double-I ayer capacitors,

tfmmihméalgnad flowtwith bothecapiacijorigamingis Hoating, icontrapsto the

RYEPrE P e
t&9 &l gl dﬂ%%@f@@b@fé?%?@d BRaga bbtetitial | DR&Invenadh can be

vvlth bot h“capacitor termnals floating, contrary to
appliedctorthe fieicbobioateatronist stiduuldlien, limywvictca sigrial of specific

SR OSSR 1 BPOLRL IO Ploted A Tiatenal {2 ResicE
reféﬁ:o@ﬁ?%k@ﬁ asthé '&%cél %t%n%fﬁ?b\%* 8FhEAMEC stinulation,

a signal speci fic 5 strength and wavef or m
i s appl i eAntexaangie of agioudputrssiction for a oomremlonabbloelectronic

sgggi gr;qe{gprgt?r?g? ?12\Sl’|%esl’su Cgﬁgrs t he|@%0$’a§¢pat I o&‘ggg 29?% entlre
c§fenfs SRRERGONRLe ﬂS{)ﬁ@ét& Bi8ALe AERJfsted in

FRpuré 4e contents of which are hereby |ncorporat ed by

reference, and is illustrated in 10 Fig
Ther e ar e Tharecarertbirmadundaptiesisiers 'Pr$e§'§§ﬂé%t inglygle 100, 102,

SB35 O P L T o
deteriifedptHd Sosiidn 8Fwitdh 106. V‘éﬂ]édse@f thésé Fﬁﬁors are

resistors are calculated so that, if Is(éone of them
calhulailted sathatai any omeraf taemcatiould faileas @ sBPRiciguitghewgmaining

h
oGS b B e T (RS 5RRE o oo i
trige@i}éuﬂc Wil rmée B Lmﬂtd@weniseému Phﬁtelr%fhél@ 13016 shrRVielsls.

sistors a one, owever canno y t hensel ves
Reisistons galorsd) hawender esaraiot by themselves distimgeisdi aresiternating

current signal and hus anngt ensure that the,si naI
CReR A fiEsct coneet SRR, anE dlus e Pnéure hattria Sgfe at

t%mgpdég‘ﬂg) s 8*9%0@55%&9 il ad Y DC Eﬁnéﬁﬁ as is also

are n t essentla Ircurt

remﬂrreaitfomafdnﬁe provi de a vi sual or eI ectrom C
i ndication that current is | east one

of
t hese di og)@gdessm\,ﬁnqiﬁ%@éeﬂo@gpgerg@l 1q)g|rcq|go%eratlon but

pb}\g({?éoﬁ)g@)& gle% rﬁgﬁzl 'ﬁbﬁgr'%m%%u?%%}a %eﬂcﬁ/inhg e ert feast one of

these! dib@és, Whewrdinitbe Zigupd &St08isa Ilgmkdmlttfny diedatbER) which
to a mcroprocessor. Al ternativel bot h di odes 103

mayche e8heng visible EBD, onithe,infiaseq LEEL afy paliral isqlatorRroviding

oo A o AR 4P RAERE g AR oot s 102
afl W@fs)may BR (DS, V\ﬁtrﬁt*hle%b@e@aﬁéngemirgﬂn bRegarenel(non-parallel)
signal and emt light in proportion to the current

ridroneir @g. shmrs(urpwlmmme anoderefieashiis ieditentine aabods|af the other),
trgehgglrtlshgble%tp%rsg a hlgh-frequency signal and emit light in proportion to the
current flowing. This provides an indication simultaneously that the battery is

providing adequate operating voltage, that all circuit blocks which it powers are
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30 providing adequate operating voltage, that all
circuit blocks which it powers are WO

WQQO®9/0mA2323PCT/ US2008/ 068400 functi oni ng cor r BCL/U§2008/068400

and that current is properly flowing to the | oad

connected at term nal 110. Al'so in Figure
functianisg copgetly.cand that gurrenbis properdy Bewingtodhe tmg@onnected at
res tively formtwo back-to-back pairs, so that if
‘eéw%gﬁébof themfails the other 5 unit which is

connect edaist ih {gwae al@é'capia&%rgaﬁ 2at Hh2b SHAd &% 192d. These
bl ock direct curtrent fromthe output and thus ensure

respietivale ferm tve back-to-back pairg rsfaothiatiif @nylone ofitbam fails the other
X It ted i [ [ t hi. t he.

U Pcr. 8 sReneSiedanas sage pasgican st sutceiifdionk Greet eurrent

fr&ﬂwciﬁefo&ﬁ%?t)ari'ooth‘ﬂ.geern%u@sa@ocpe(atior‘?.t c. are the

I ndi vi capacl tances so connected. Wen all units
are of eqUafortuadabely, whes capacits's iaos coroected irs sefds indhis way

= C/ N where Nis the nunber of individual units and C
thestofa| capacitanceris @ivan b¥-or 10- microfarad units

comec ¢0 11 2, 6109, e o6, Le, fEnger (ne
VB L3R, o L Y09 AR PR P o

udiesae of quat 9aRkieattis expRssionlbétionied singdgonds,
severely [imting the range of signals and frequencies
whi ch may be applied. Longeg=tCMke constants, and thus
a broader frequency range of operation, can be
wherg Bhie dheisumiper of nshivigiaal wsits eneCiis thesvalueof gachhEor 10-
enal ty of 20 increased,size. bulk, .cost and, wei - :
o rad B SOpRESEaTa Sutng Br et bt miS Ry o FpSliting seres
vaILEYS b difly SOWICrofiEaYN AR e SIANG b%deé}ﬁﬁrserie’sa\ tWith a typical

capacitors according to the present invention.
biotagitaltitad:ef S0@ bhowtheiresulting t¢aay fiméocanstantisionlyr 625

used, thus satjsfyi.ng.the "rule . of three." Unit .

miliFaanss, SeYelg s (e Cngecel SIS AOLTRAUESIRS Which may be
Lur . i .

sl Sofler It SR e L i) bl

operatioh, can berichidvedalsireplzapgerevealued chpacditors,daddit tlie penalty of

their rated voltages. Faor exanple, with a 9-volt
ineesasadsizpullecost gRdweigis ee 5. 5-vol t doubl e- | ayer

Caone) o b EAR S°IaR6e L SoEbiY BER 4ggie 4 s shoun
rétfrawatusiiy double-layer capacitors according to the present invention. At
least three such capacitors 114a, 114b and 114c¢ are used, thus satisfying the
“rule of three.” Unit working voltages are chosen so that in the event of failure of
any capacitor as a short circuit, the remaining units together will still safely block
any direct current signal component without exceeding their rated voltages. For
example, with a 9-volt maximum applied signal, three 5.5-volt double-layer
capacitors such as those in the ELNA DX series of capacitors may be used, any
two sufficing for safe operation.

Using the lowest-valued device in the DX Series, the DX5R5V473

whose characteristics were shown in Figure 3, each device has a capacitance of
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DX5R5V473 whose characteristics were shown in Figure

w@2000@aed123levi ce has a capacitance of WO PCT/US2008/068400

2009/ 003123PCT/ US2008/ 068400 0. 047 farad and thus t he

string of three has a series capacitance of abo
0@471fetaq apd thusithemiingprtthsea haas SQﬂesn‘iﬁi@Ct ABee Qf)é@ou" 0.0157

fér'aHE% t756tm|8 ofélf%\%seﬁph%‘?% (50 ﬂlg\ekﬂh (9‘%8 e‘&w@i‘?ﬂt%mng

suc |ng

|ergL|€@40@lgdn@édpl@fng@@gﬂbhﬁrom?fsﬂma|sitn|riggtd & tgpical biological
constant is 7.83 secon Stil

logsi et 2% ehmas etheggavifing éltT;ﬁ eqngiaet Iasn?g i%st@écrnrgish doetill leager time
ok hls e Y80I RS TaTk velrarRRbhG dest Ko lheGihd Series or

froaPOiRets liKeOit hawingtandardN g% foldrBnée BiocRMafues?ds indicated in
include, but are not limted to, ones on the order of

Teblech, For exasople, {ariger yims aqnstaretsmandnelddembmﬁqre notdimited to,
hundr fift five hundre twel ve hundre and
OPFY PBHe AIARTA FoYER HHESTa LIS in OPR PLBCHSE AT, one ayndred
fiktp f%%r@ré@wmmurﬁﬁed%@nﬁé& Hﬁﬁdrfe‘éirs d;%est(w%hown in
constants can include, but are not limted to, ones on

Table Dy jlst tohamerg fG;\MBXamplasneOﬂmndames fbhloeg tinmmdoasiants can
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secm’fdsasTthftefmemdkﬁe CDImE hmrmiam@ stpportedbiyrthe savehtion can range
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frgm bweﬁnéaoéﬁ&n ﬂm%ng ﬁ‘&ppﬂ@s ag@cqaihgg rafleshauelt ag,between
ohg‘hWﬁa *‘%ne%&él o%ogélct s, Which may prove to be

gre ue I n I‘OI’]IC stimul ation.

Addi ti OnaTFhIsCUpérfse.@bJQWd)@dS néwrah§é lofl iev-fledlie AEEANDkignaling,
limted to, one Hertz (Hz), one-tenth, three tenths,

sepfean ondhe order bewern @9 Harande089] Hinewhisbusay@reve to be of

t hr.ee, t hausandt hs ndt nd three ten

ol B R CYPeSnig PGl i AT dow TGRS e nguce.
baf Sre'Yit lipaened, bhe Hiéi'&ﬂﬁ?lz?for‘iélﬁadtﬂVtﬁPéé fihths| Qmeehdndredth
Capacitor Values and related Time Constants Single

three Aondredths | ane thousandth, three thousandths, one ten-thousandth, and
three ten thousandths of a Hertz. However, other low frequencies are not beyond

the scope of the invention.

Table 1 - Capacitor Values and related Time Constants

Single capacitor value Value of three capacitors | Time constant with 500
(farads) in series (farads) ohms in series (seconds)
0.047 0.0157 7.83
0.10 0.0333 16.7
0.22 0.0733 36.7
0.33 0.110 50
1.0 0.333 150 (2.5 minutes)
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(farads) Value of three capacitors in series (farads)
Time constant with 500 ohns in series (seconds) 0.047
WwW@2®9%5673173 83 0. 10 0. 0333 16.7 0.22 0.0733 36. 7PO1/BS2008/068400

Single capacitor value

Value of three capacitors

Time constant with 500

(farads) in series (farads) ohms in series (seconds)
3.3 1.10 500 (8.33 minutes)
10 3.33 1500 (25 minutes)

For example, it has been shown by Richard Borgens, Director of
Purdue Center for Paralysis Research, and others that nerve regrowth is
stimulated by a very low-frequency square wave in which the polarity is reversed
approximately every fifteen minutes. Using three double-layer capacitors each
with a value of ten farads, connected in series, would permit the introduction of
such a signal into a 500-ohm typical biological load without unacceptable signal
distortion yet without exposing the treated tissues to possible damaging
electrolytic effects.

Low frequencies produced by the invention can include, but are not
limited to, a 5-15 Hz band, as well as 0.00056 Hz (reversing every 15 minutes,
full cycle every 30, - which signal generation technique is often referred to as the
Borgens application for nerve regrowth), and frequencies as low as 0.0001 Hz.
Additional low frequencies can include, but are not limited to, one Hertz (Hz),
one-tenth, three tenths, one hundredth, three hundredths, one thousandth, three
thousandths, one ten-thousandth, and three ten thousandths of a Hertz.
However, other low frequencies are not beyond the scope of the invention.
However, other low frequencies are not beyond the scope of the invention.

Figure 6 illustrates and compares the signal coupling characteristics
of the prior art output section in Figure 4 with that in Figure 5 embodying the
invention. Trace 120 of Figure 6a shows the differential output voltage from
drivers 108. The signal takes the form of a train 122 of short, asymmetric pulses,
followed by an equalizing pulse 124 which, since made approximately equal to
the difference between times spent at positive and negative polarities within train
122, restores electrical balance for zero net charge (no D.C. content). Since with
practical components it cannot be assured that no failure or value change will

affect this balance, however, capacitive D.C. blocking is still required for safety.
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0.110 50 1.0 0.333 150 (2.5 mnutes) WO
2009/ 003123PCT/ US2008/ 068400 Si ngl e capacitor val ue

w@ b@paaE)3 Val ue of three capacitors in series PEHDSNO§/068400
Time constant with 500 ohns in series (seconds) 3.3

Dé'silrgbly, the same voltage pattern in trace 120 would be reproduced almost
unchanged across the biological material being treated.

Trace 126 of Figure 6b of the prior art shows the signal from the
output section appearing across a 500 ohm resistance, representing a typical
biological load, placed between terminals 110. The distortion introduced by the
combination of capacitors 112a through 112d is clearly seen in the form of
voltage droop along the length of train 122, resulting in positive pulses
diminishing in strength over time while the negative pulses increase in strength.
All pulses are noticeably distorted in shape as well, with equalizing pulse 124
dramatically so.

Trace 128 of Figure 6c of one embodiment of the invention, shows
the same signal when capacitors 122a through 122d have been replaced with
three double-layer capacitors 124a through 124c as detailed above. As can be
seen, there is no detectable distortion between the applied voltage and that
appearing across the load.

Referring now to Figures 7 and 8, Figure 7 illustrates a double layer
capacitor 46 coupling a signal 710 between a first circuit 700a and a second
circuit 700b according to one exemplary embodiment of the invention. The
conductors 20a and 20b operate to interconnect the first circuit 700a to the
coupling capacitors 46 and the coupling capacitors to the second circuit 700b.
This interconnection provides a conductive pathway for alternating current (A/C)
electrical signals 710 from one circuit to the other through the double layer
capacitors 46.

The capacitor 46 may substantially block the direct current (D.C.)
components of any signals 710 that it couples between the first circuit 700a and
the second circuit 700b. However, the capacitor 46 can couple a substantial
portion of the other low frequency energy contained within A/C signals 710 that
the capacitor 46 operates to couple between the first circuit 700a and the second
circuit 700b.

The double layer capacitors can comprise any capacitor exhibiting

symmetrical double layer characteristics, for example a two sided carbon super
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For exanple, it has been shown by Ri chard Borgens,

w@roeooae3 of Purdue Center for Paral ysis ReseaPChpSzngl068400

ot hers that nerve regrowth is stimulated by a very
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n{dtﬂbte@é’ctidhs iA the £8ridh PR BH RS ot?@r'by&ﬁo@ﬂé)@%@n ke electrolyte

reversing every 15 mnutes, full cycle every 30,
3@hifcyoltagemefithg soeeat p@arlty@pmﬂeqummss thiis doubleflayarstiaws the

Bor ens_gpplicati for nerve re
oppesificritaraes 2oartyauEt B etinsy SaBE M amene eciect"c of
e d [
e REL ST UshBRIN; e AbleoBicis Llspl of thE oo Bafter
pbtandaal Whmdraafnt'ebat aoy undtondzetaebn ammmohdoctsaedd:rhas carbon

pg %n t housandth, and three ten thousandths of a
QLEVRIGER!. ot her | ow frequencies are not beyond

t he scopeTﬂg o‘oﬂBle‘ |QVEPE%&3:HO 4o cégﬁﬂﬁ% e h®4cked capacitor

frequenci es are not € Scope I nventl

48iaguiscussiet lwitH rezpest t@rﬁigommw Mmlti;he capgcitdrs plagdd inGeries
char acterl stics 20 of the prior_art output section in

MaYAls@ bg usedas shawn in IHoyr 8as Theirsw@ciierstiligstrated in Figure 8a

n{é}fgeéebﬁh ol dual Iggépé'%?p%cﬂh El'ugéJ § g%%&\?)%‘é@ é{}%gna* be stacked

dQUGEIéyéredﬁpéctt&% dedls 280 avan dg 00, thie®? oPim&rBahan three cells per
Knnetrlc pul ses, followe an eguaI|2|ng pul se 124

ed capaeitas %%QH&ZMt&m%m fortsdackesl, capacitors can

Pg?é/f S C\?,’Egglgp “c@ﬁ@éﬁ%”@ﬁgﬁ% Edpfptte Pnsglt 'evlgaé1 ?rom the failure of

one or more of the individual capacitors 46. An example of such redundancy is
the “rule of three” as discussed above.

In an exemplary embodiment (not illustrated), the circuit 700a can
be coupled to dual layer capacitor units 46 which are coupled to biological
material. The biological material can comprise a living organism. For example,
the living organism can comprise tissue, cells in culture, a living human body, a
living animal other than human, and other like living organisms.

While the capacitors illustrated in Figures 7 and 8 are illustrated as
parallel plate 12a and 12b capacitors, they may have any other geometry or
electrochemical make-up known in the art to achieve a double-layer, super
capacitor, or ultracapacitor effect. Examples of other geometries may be
wrapped coils, concentric plates, stacked plates, radially interleaved plates,

plates with surfaces treated or textured to increase surface area. Materials within
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rough 122d have been replaced with three
cideuibbrebiblgiral cwtexalt Cartdia 4tepshindbe pracessea or peecgssdtow

aboye. As c b , 1.h [ t bl
dapQtsit G Reve st Tk disgpmaesared i B Thst natyrally
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depariegtfeors the stdse sespiritlotthednvéntiéMOb. Thi s
i nterconnection provi des a conductive pathway for

al t er nat i A§edoethed900Asiyg dpublerlpyen canagHarss ozeQyple gmA/C
eﬁegzﬁ"jfgl Sihal Q%&vete'hea QHOG ahd 2 UMb driknt L3HYeGirl RMA'Step 910
where an A/C electrical signal 710 from a first circuit 700a is supplied into a first
conductor 20a.

Next, in Step 920, the A/C electrical signal 710 is propagated along
the first conductor 20a. This conductor may be in electrical communication
between the first circuit 700a and the double-layer coupling capacitor 46.

Next, in Step 930, the A/C electrical signal 710 is conducted from
the first conductor 700a into a double-layer capacitor 46. This capacitor 46 is
used here as a coupling capacitor. The double-layer capacitor 46 may be a
solitary capacitor cell demonstrating double capacitor characteristics, or it may be
a series connection of one or more of such capacitors, or it may be one or more
stacked capacitors 48. Such double layer capacitors may be also be known as

super capacitors or ultracapacitors.
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The capacitor 46 may substantially bl ock the direct
current (D.C. ) 25 conponents of any signals 710 that

WO poogoegakes between the first circuit 700a andP€TES2008/068400
second circuit 700b. However, the capacitor 46 can

| bst.ang t f the ot
T e auency NENbriaten B fedihs SRFHOALS aNgHE] Ciscapplastibrough

10 B8 % oG0S LS00, BRI B NS SohRE il e
dbablerlagemeapiaciios46 arayCioapohsideRityas thieasiopa ?aﬁb)ﬁhbbﬂhbi ng

symmetrical double |ayer characteristics, for exanple
ageqrmng ,cgg@ntg@mgﬁng@éé}f the\®/C electrical signal 710.

2009/ 0031 0 8400 or 46 a

T st r at SLSTR Y25 A D SgBRp AT 6 SriBpfits etthe Acc
elewidahbighal P90 Bre s0i5sthhBallyBloeked RImiseing Bbasied tHidudh the

two identical, asymetrical supercapacitors in a

capagitor 45bdo |8te|@ RE0gtheaddCoalestrivabgignal isconbattedtfram the double-

GRSl BB b0 St B S gncuctor 200 can

bem@cwa Eéfhnﬁﬁhbﬁ% wite uﬂﬁé@f@c@rﬁg@gg @?h %ﬁ %@?@8& 46,

one |ayer is forned by nob
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sigRal shauldiesupstantially similar to the sigaaleriginally suyralied in Step 910,
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di'scusse respec i'gure

blogkéd bl ehe dplLbieddyéncaRICIteF 46RY hal delivesy ¢fIRE AIE SiGivalmay
in Figure 8a. The capacitors illustrated in Figure 8a

demopsgijalesiechentdoutireqyancy peptasmence anditberwdye bensficial for

[
G0 s 716 MDIBRg iR e AFEaPRESHES T S per °
stacked cpgpéxdmpled forigeplinfd EdHstart8su §8fté@% tﬁé“i’n{\lérntlon can

stacked, capacitors can provide for re undancy In
Inglhgi@abut)anernotrjmt@bn rpes oo the addérrafrsevie, sisicenr tthW SIX one

T TN T IR T R
hivdrdbSeesngs 3 ¥Same a few examples. Therefore, some time constants
supported by the invention can range from between five to seventy-two hundred
seconds and, other ranges, such as between one hundred fifty and twelve
hundred seconds. Low-frequency A/C signals supported by the invention can
include, but are not limited to, signals with frequencies such as on the order
between 20 Hz. and 0.0001 Hz.

This step of coupling the A/C electrical signal through the double
layer capacitor 46 may couple low frequency components of the A/C electrical
signal 710 more effectively than a single-layer capacitor 30 couples the low

frequency components of the A/C electrical signal 710.
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In an exenplary enbodi ment (not illustrated), the

circuit 700a can be coupled to dual |ayer capacitor
w0383 whi ch are coupl ed to biol ogi cal nat ePCHIUS20081@68400

bi ol ogi cal material can conprise a living organi sm
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capacitors, they may have any ot her geonetry or
exdct construetinrcahd opemtiop showmandhdesaibed;, and agchidingly aall
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d
d ]
er sem conduc ; ct
is to®é IhitedBRRDY Bletstain® thiat folig@l. | s, el ectrol ytic
pastes, electrolytic solids, electrolytic matrix, or
any such electrolytic materials; and nmetal 5 or oxide
| ayers such as copper, nickel, alumnum alloys, any
ot her conductors, netal oxides, silicon oxides, or any
al l oys or conbinations thereof, as exanples. Turning
nowto Figure 9, this figure illustrates a | ogica
fl ow di agram 900 of a process for coupling an A/IC
el ectrical signal between a circuit and a conponent
usi ng a doubl e | ayer capacitor according to one
exenpl ary 10 enbodi ment of the present invention. The
conmponent can conprise another circuit or biologica
material. Certain steps in the processes or process
flow described in all of the logic flow diagrans
referred to bel ow nust naturally precede others for
the invention to function as described. However, the
invention is not limted to the order of the steps
described if such order or sequence does 15 not alter
the functionality of the invention. That is, it is
recogni zed that sone steps may be perforned before,
after, or in parallel with other steps w thout
departing fromthe scope or spirit of the invention.
The net hod 900 usi ng doubl e-1 ayer capacitors to couple
an A/C
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el ectrical signal between a circuit and a conponent
can begin with Step 910 20 where an A/ C el ectrica
wee@nab31Z10 froma first circuit 700a i s suppl PEHUS200£068400

a first conductor 20a. Next, in Step 920,
the A/C electrical signal 710 is propagated al ong the
first conductor 20a. This CoAdMStor may be in
el ectrical comrunication between the first circuit

e-l ayer coupling capacitor 46.
§@EEQ?EQ gpéevgé the A/ C electrical signal 710 is
conduct ed fron1the flrst conductor 700a into a
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as super capaC| tors or ul tracapaC| tors.
%ﬁgﬂggfﬁgﬁpw US2008/ 068400 Next, in Step 940, the
NC el ect r heRiubse- ilag@f capékiiivve él@mérﬂdmt\bé@vm firsecotedinter and

| ayer capacitor Coupling the A/ C el ectrical signal
thensenoyd candugtniising c;cwdmg @@p%la elgetricgl sigpakketween the first
consi.der e o tign.of.t
BTl e D A58 e eBhRe BRE R bkl B Bl ) Bdpecitve
e@rﬁbrﬁtfﬁll@h&%beréﬁhé t@'sru%ﬁarﬁléﬂ%ﬁl&k%lfeat c@?’r’éﬁ?ﬁ@t&bén@ﬁt of the
he A/C el ectrical signal are substantially
Alfﬂ)@dﬂcémbeﬂrStgnahel ng coupl ed t hrough the capacitor 46.
In Step 960, the NC electrical signal is conducted
fromthe doubl e-1ayer capacitor 46 into a second

conduct or o20b. Tﬁg%oﬁﬁwgw&?ﬂgﬂﬁfaﬂﬁ 12%(?@% tRE dofiple- layer

el ectrical comunica e second plate 12b of
capacithapeleiment céfmprisediaxsemiconGuetpr Biv€ontattewitd an electrolytic
el ectrical signal 710 is propagated al ong the second
MadeiRlct or 20b. Finally, in Step 980 the NC el ectrica
signal 710 is

3. The coupling circuit of Claim 1, wherein the double-layer
capacitive element comprises a first semiconductor in contact with an electrolytic

material, and a second semiconductor in contact with the electrolytic material.

4. The coupling circuit of Claim 1, wherein the double-layer
capacitive element comprises a plurality of double-layer capacitors connected in

Series.

5. The coupling circuit of Claim 1, wherein the double-layer

capacitive element comprises one or more ultracapacitors.

6. The coupling circuit of Claim 1, wherein the A/C electrical

signal comprises unbalanced charge.
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delivered fromthe second conductor 20b into a

conponent such as second circuit 700b of Figure 8 or a
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preferred,gnbodj - I 1 thed skl ¥ morisi ;
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Furthernore, the scope of the present invention 10 is
constpet ini exceeas ob ang-thgusang s8ceNAs. t hat f ol | ow.

13. The coupling circuit of Claim 1, further comprising a resistor,

wherein the resistor and the double-layer capacitive element produce a frequency

at approximately or below twenty Hz.
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CLAIMS WHAT IS CLAIMED | S: 1. A coupling

circuit conprising: a first conductor in electrical
w@oovaedieation with a first external circuit; PCT/US2008/068400
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connect edsupplyiggiassignal containing bothmn giternating rurignt (AC) and a

circuit of aim1l erein the doubl e-1ayer
agsgiiterd f) BlibrebhBIf sdetdoting, VT

ultrac f’ipagfdp%rgéting the signal along&aid fh8t 6RdIAtHYINEd & Gduble-layer

of Caiml, wherein the NC el ectrical signal conprises
capacilieneletharttar ge. WO 2009/ 003123PCT/ US2008/ 068400

7. The couplin ircyit of Claimil, further conpri,si

2 resi st oPSHRITEGARA cariRoReRf Phineimon iouoh 3t doubid-ayer
cEORARId Likegltement, the resistor operable to inprove

i npedance mat chi ng between the first external circuit

and t he sblockihgeked@abmponent bf the signal with said double-layer
capacitive element, and

propagating the signal comprising only the AC component from said

double-layer capacitive element into a second conductor, and

delivering the signal from the second conductor to the load.

17.  The method of Claim 16, wherein propagating the signal
along said first conductor into a double-layer capacitive element further

comprises coupling the signal through a single double-layer capacitor.
18.  The method of Claim 16, wherein propagating the signal

along said first conductor into a double-layer capacitive element further

comprises coupling the signal through a plurality of double-layer capacitors.
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8. The coupling circuit of CAaim1l, further conprising

a resistor, the resistor and the doubl e-I|ayer
w@e apaodiieye el ement operable to establish a tiP&I/US2008/068400

const ant. 9. The coupling circuit of

Caim1l1, further conprising a resistor, wherein the

resi stor A8d thbedaribpd-of Hlaim ta.pulberein delpesimgrthe signal from
tHE éjclﬁ%\gi %’6{9:5‘5&%38 ghlsqt %ﬁjt#ua.pgxag&%ﬁ{igés %i%l?\lﬁ%@%qng%ignal from the
SECORY bSidiUbter ih@Shidldioal WERAIN the resistor and the

doubl e- | ayer capacitive el enent produce a tine

constant in excess of thirty seconds. 11.

The coupl | ciycuit, of i.m further c I,Si
resi st gf baﬁgwer if‘ﬂ l#pqz;gog &8@%‘8} _Jfg'n‘ﬂH?rﬁén %lﬂ)%?@b:tgl?g?gn%‘l from
i .
VEPBIEN AALETIO s Ao TRck 2 g 1 S4Egfom o
seconzlicandufctdd intonarigthéucitdudt: conpri sing a resi stor,

wherein the resistor and the doubl e-1ayer capacitive
el ement produce a tinme constant in excess of

Ciroult R TG aRoEPing oyt or propeadtihy AT A B Between o

eldnesrits RohipRisings oRb@r rdvé ddubleimyelr eapayitive eaentsicoRnected in
el ement produce a frequency at approxi mately or bel ow

améihpgsiazal flc?mbgtymro mﬁ@sﬂz@cﬁ%?mmtor comprising
14. T i LT Cui d ai . . .
X ipncodid BB & BA Gadralcs SRl fiing stpte etative to

oﬁ@%bbﬁ;drﬂb’@r‘id gq,‘&ggivbityge_el ement produce a frequency
approxi mately between five and fifteen Hz

15. The coupling circuit of Aaim1l, further

conprising,a resistor,. wherejn e resistor d.the

doubl e- | ag%'r ciﬁQ&PHPW&J 8'(%%%&‘5%'8 cd \é(gfﬁhztﬁﬁéwef'eme"ts
afPPat bk BRIk trdifid 4B SAraRlRE sarbdpéthrcﬁ%qr%m fibhay $RMbAE stige of
a Hertz. 16. A method Tor coupling a

tre gleelrohietapparatas ¢d anathier ategjea | oad with a

doubl e-| ayer capacitive el enent conprising the steps
of : suppl ying a signal containing both an

al ternatipg Cuﬁ'é@%?)yé{ﬁ%g%%?fo@a\'rﬁ%, fHvhRA a 62tion of said

conponent Into

pathogfaggiial figowt isdram gxternal emdropaieht to aatelesirahic pparatis
a doubl e-l ayer capacitive el enent,

coupling the AC conponent of the signal through said

doubl e-| aygr c it i . . ' :
the DC .co?}%oneiﬁ 8829 LF F@g g“gdr!g CV:\HIH ZS‘Iailndechb? gl_r%gtyﬁedpgf said
patPSdignal €lo@l isfRIM anaslctronic apparatus to an external environment.

25.  The coupling circuit of Claim 21, in which a direction of said

path of signal flow is from an electronic apparatus to a biological material.

26.  The coupling circuit of Claim 25, in which said biological

material comprises a living human body.
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propagating the signal conprising only the AC
conponent from sai d doubl e-1ayer capacitive el enent
W0 niog/0e318kcond conductor, and delivering the sPQNEE2008/068400
fromthe second conductor to the | oad.
17. The method of C aim 16, wherein propagating the
si gnal al dhg s&he cbupling cicsuiuaft @aim 250 irwlichisaid bwjegical
capaci tive elenent further conprises coupling the
W@?%f%comﬂf@sa@ lying ﬂ@n"éaf@&?m e-l ayer capacitor.
18. The nmethod of C aim 16, wherein propagating the
signal along said first conductor into a double-I|ayer
capaci ti ve8el elmhatcoliplingheircuipoiClaie 25¢ ouywhichgaidhbiological
signal through a plurality of double-layer capacitors.
mateTia) oIS es YN LR edagrghan a human or animal- The
nmet hod of Claim 16, wherein delivering the signal from
t he second conductor to the |oad further conprises
del i veri ngot heThé goaplidg cineditef Glairn2s, rowdichtsaid binisgical
bi ol ogi cal material . _ 20. The met hod of
matefiahcepsisithel kilegiral colls iy ItUFR si gnal fromthe
second conductor to a load further conprises
delivering the signal fromthe second conductor into
anot her cgpcui The coupling circuit ofBlaimd 260 HPWhith Sid Bldldgical
for propagating an A/ C signal between two el enents
mabenialiconaigts ofrtissues i cultweubl e- | ayer capacitive
el ements connected in a path of signal flow between
the two el ements, each capacitor conprising termnals,
each termgpal ‘Pﬁe%GPIi@Ei?&lif@FC@ﬁﬁrzqt, Wh@réiR sdid double-layer
floating state relative to one of ground and a fixe
capdditigeelements comprises azlurality afaglls icognectedun isedés.
Caim2l1l, in which the two elenents are part of an
el ectroni c apparatus, said path of signal flowis from
one stageqof t : e ‘i i
rage. oe2! e CoBGHIPERGCHRERR N SR ol iiging a pluraiiy
oRdouble-layercdapacitive efdrmentspbasiacdmpeitimgad phiralitplof téltswy
is fromexternal environnment to an electronic
campprated insseries. 24. The coupling circuit of
Caim?2l1l, in which a direction of said path of signal
flowis froman electronic apparatus to an external
environmegs.  The coupling ciréft of (DA @I in Whichi said blurality of
Caim21, in which a direction of said path of signal
deubig-layerf apaciiveclementstampiisrs thies dowblg-laye) eapacders.
mat eri al . 26. The coupling circuit of
Claim25, in which said biological material conprises

a |iving BymanTRE@Bupling circuit of Claim 33, wherein said plurality of
double-layer capacitive elements comprises double-layer capacitors operating

within their specified voltage ranges.

35.  The coupling circuit of Claim 21, wherein the AC signal is

accompanied by a DC signal component comprising unbalanced charge content.

36. The coupling circuit of Claim 35, in which said unbalanced

charge content exists for a period of time.
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WD 2009/ 003123PCT/ US2008/ 068400 27. The

coupling circuit of Caim?25, in which said biological
WOoreaoendHk3 conpri ses a living ani mal body. PCT/US2008/068400

28. The coupling circuit of Caim?25, in which said

bi ol ogi cal material conprises a living organi sm ot her

than a hu8dn ofhagoupling circuit of Claim 2128 wileh ssidigbublg-layer

circuit of Claim25, ,in which said biological. naterial
CRRARING eleBIents 816 ek lopgi Wil 1e3istofs g atth an impedance of a
bidfogicd1&RHAI Whfle Ridifirind'h i tohstant comiiAG a3Abgnitude

I 0l ogi cal material consists of tissues I h cufture:

githterithansbupddorglsci rcuit of C aim 21, wherein said

doubl e-l ayer capacitive elenents conprises a plurality

of cells connected in series. 32. The

coupl ing gk Cuirhe RbuGhil Bt of a7, FPHRICh YA tithe constant

plurality of doubl'e-Tayer capacitive el enents, eac
comprses bmgagnifiidergreatey tdn tety secomdect ed i n seri es.

33. The coupling circuit of aim?29, in which said

plurality of double-layer capacitive elenents

conpri sesyphre >- | aver. ' . -

Comr L SeSabir ey RBbfid B SEERR S Tywpish saigtipe constant
conpFises b)mgéni reate)g4n a6p3ecbhds el enents

conpri ses doubl e-Tayer capacitors operating within

their specified voltage ranges. 35. The

coupling ¢jrcuiit of G.aim21 rei,n the AC si.gpal is

o tonpagi 20 by The Bevaliih Sl ah SR 7. bhfpiet $if ie tohstant
cHMPAS 86 HagARIE yreatr@ran 300 seconds. 36. The

coupling citcuit of Caim35, in which said unbal anced

charge content exists for a period of time. WD
coupl i ng #1r cul DS GRUBIR A3 of Glajp 37 ryhish sald fme constant
c?@éhgéé L& ni%btéﬁh%ﬁﬁﬁﬁ%@c@ﬁ@s.used al ong wi th

Istors t an i npedance of a bi ol ogi cal
material while nmaintaining a tinme constant conpri sing

a magni tude greater than six seconds._ . . .. .. 38.
The coupl fég C!Th&goypmg grgplmfgél,alm@mm whicgla?%dglmgeconstant
cGRRRLALh fiaghtURGreBdrIAG 5886 sBEsRGET than thirty

43.  The coupling circuit of Claim 37, in which said time constant

comprises a magnitude greater than 10,000 seconds.

44.  The coupling circuit of Claim 21, in which said double-layer
capacitive elements are used along with resistors to produce a frequency at

approximately or below twenty Hz.
45.  The coupling circuit of Claim 21, in which said double-layer

capacitive elements are used along with resistors to produce a frequency below
twenty Hz.
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39. The coupling circuit of Caim37, in which said
time constant conprises a nmagnitude greater than 100

WG 2o 23 40. The coupling ci rcui PCDUS2008/068400
Caim37, in which said tinme constant conprises a
magni tude greater than 300 seconds. 41.

The coupl 46g cTheeduplafg GraiitefIAain 2 1win whichziaid tioukle-layer
SR HHRSIements are st B9 wibreslSR Rpredics ffegency
| ) S [ e onstant conprises a
a '%m‘%é'é’%r eat Qﬁnteﬁégir?dfé%éﬁggconds. 43.

The coupling circuit of daim37, in which said tine

constant conprises a magnitude greater than 10,_(200
seconds. 47.  The COUP"QQZLQ"CFWeOf&%aEPizﬂg"bYVF‘lS’Dista flouble-layer

Y . . . 2l ] hg

oSt e DT R 103RB36 B Rryency

approsieately isstwerprond amd tHre ten ijusantiverdfia Hertz.
45. The coupling circuit of aim2l1, in which said
doubl e-l ayer capacitive elenents are used along wth
resistors to produce a frequency below twenty Hz. WO
2009/ 003123PCT/ US2008/ 068400 46. The
coupling circuit of Caim2l, in which said
doubl e-| ayer capacitive elenents are used along wth
resistors to produce a frequency approxi nately between
five and fifteen Hz 47. The coupling
circuit of daim2l, in which said double-Iayer
capacitive elenents are used along with resistors to
produce a frequency approxi mately between one and
three ten thousandths of a Hertz.
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