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.[0004] Electro-therapy typically employs a non-invasive technique to introduce the

electrical energy into the patient’s body. Disposable electrode pads are placed on the

epidermal surface of a patient and coupled to an electric generator. The generator supplies

two or more oscillating or complex morphology electric currents to a patient, with
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skin, w thout the acconpanying pain perceived by the
weabismaze6as With a standard injection needle. PCT/US2004/011395
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and prevent burning of the patient’s skin at the return electrode. For example, Fleenor et al.
disclose in their patent number 6,544,258 issued April 8, 2003 a self-regulating and self-
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el ectrode enploys a large surface area contacting the
patient to reduce the current density and prevent
wouaoesionzpeof the patient's skin at the return ebPettuseme/n11395
For exanpl e, Fleenor et al. disclose in their patent
AT cﬂedrm@ pad. 8 pa@@0Besdown on top of the pad during
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to ensure proper treatment and enhance patient safety.
[0016] In one aspect, the present invention is directed to a percutaneous electrode

array for delivering therapeutic electrical energy to a patient, comprising: a substrate having

-4.-



skin surface prior to an electro-therapy treatnent.
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rallt of _el ectrodes each having a proxi nal end

aFYP ler gng ]ilaﬁf e & djgmeter Qf 20, to} SQEAFTOBRETS- an axis from t he
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i80St i on, It dvothet @p’ccrt@d the pmsaltsmmman tlieazhlig' sides have a W1dth of
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g n ano er aspect of the present invention, the
el0820] r odes Ieareitet bsptetnt ilprasertt invefGorg i@Ubmth of the electrodes is

aral | [ having a pair of narrow sides, a pair
gqe%eagﬁg%‘g@%rﬁmf‘ﬁf?ﬁ ‘de and a bottom side, and
vw0ez1g¢i n t hin sotler sdpdetof Hﬁ\p@esém%\d:hﬁorpﬁheﬁ%gﬁl@ofaﬁe@electrodes is
rg?\sron%gﬁ iﬂb 0191 |n another aspect of the present
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06229t er $n arlof22 Asbebtidf BRAQREK: iRRRESH, 1R dlét&h%n@ 5§e%€lp£lectrode is
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t resen , I
O o o RO hor S s henfg, Y e iSadas
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the present invention, the el ectrodes conprise one or
polymer, carbon allotrope, and a conductive metal either in bulk or deposited material.

[0027] In another aspect of the present invention, a temperature element is bonded
to the substrate.
[0028] In another aspect of the present invention, the temperature element is one of

a thermistor, a diode, a semiconductor junction, and a thermocouple.

[0029] - In another aspect of the present invention, the array further comprises an
adhesion layer. .
[0030] In another aspect of the present invention, the array further comprises a

plurality of voids that pass through the top side of the substrate to the bottom side; and an

adhesion layer comprising a bottom side, a top side, and a plurality of protrusions extending
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ﬁé@&?}alaéﬁq ?&st@i eﬁﬁt &Eﬂ ﬁé/m tﬂ gﬁ‘&ﬁﬂq é!aﬁ'}é%lstag Iefcx’ a;%% alength

t he capaC| tive at e oppo esl on
[ab@@ e 4xis, aﬂn@tehmaclaslp@mdema‘ atuabiedpo dedoy sidawihé substrats, e

%[ﬁ%ﬁ% Cf];hgg Ig\%?aﬁ: e?tter ﬁh%%/ g gcil%.tffg,rrg lnfe‘llﬁt%gseraa(ﬁ ﬂxgrelectrodes have a
dstpeaitfacd dven q;i'rlasfsemn a. mmﬂﬁelcenmmaerdl rected to a

t aneous ectraode array.for . delivering
AREPpaut Bkt Finedh B Rlray v BrpmiasFewd 1 a clectodo for
Gllring ti@apeutic electrical energy to a patient, comprising: a substrate having a first

side and a second side; an adhesion layer comprising a bottom side and a top side attached
to the first side of the substrate; a capacitive plate disposed on the bottom side of the
adhesion layer; and an electrically insulating layer disposed on the capacitive plate opposite
the adhesion layer.

[0040] In another aspect, the present invention is directed to an electrode for
delivering therapeutic electrical energy to a patient, comprising: a substrate having a first

side and a second side;-and a temperature element bonded to the substrate.



substrate having a top side and a bottom side; and a
plurality of electrodes each having a proximal end, a
wdizetsa2end, an axis fromthe proximl end to PO®US2004/011395
distal end, and a length along the axis, wherein each
16l08d1l; peley |;E§ sugthearahpedt, the plrd'senttim@nﬁd)id's dofctedie a method of producing

sy &Eﬁt@ﬁ s élg Xd? %}%} Jo%x nsm%s mlacr SnLilarc %%}egdia{le er mold ofa

ater ers
ep@cutmdwelmée an-ayf Imlvmlg asulnsfhataana a@turaity bedsctiodesfidin gilicon
yar e cent.i 00391 I.n anot.her a
Pt AT B orarheh et S AL LIBBBE by Gleoroplating thin

dﬁlm vidvet foglotvb@ b piekdl iofitodhe@bdtérGadld alRefikpy sdfngPadir6lhg a
ISIF@bfa subst rat e haV|n§ a first side and a
s% Frs e orgRg igfe thegralicadBelg Msiap RepsarpotipEnan aray

StelRtAd Gnd cd MR g %e%ra?tsfr@&ﬁ@ @nd fethovE tlflé ik eﬂfﬁm &fe r%élﬁ:a mold.

subst rat e, a cagam tive plate di SpOSG on t

s[Wd2lof t hdn gavthesiaspect ofifae presentinsentiontbe micthall ﬂﬁyﬂler comprises
oS R Bl RARPE 18  DERORRAhLES Rl ositing an
a@B@@Vthﬁémﬁh%gewﬂu¢nventlon is directed to an

L@Q%{/ O?g ;Iﬁ ran?tﬂcerl alfslye%{ 6{11.96 # gen? ggggtg)ﬁbtg? P tyrgelﬁg iﬂr% (éonapnses
fpwbtwmshdehamﬂma second S|de and a tenperature

P ?&2004/ %%été%r ats{’] e%t gﬁg%%g%ngT%o\f/l?h,z??a‘ﬁggiffﬁﬁzpompnses

r spraght; tondtdive pile atolthe st tird a1d Heatikh the stRtiré & Brm a conductive
nmet hod of produci ng a percutaneous el ectrode array

c8WF¥si ng: micromachining a naster nold of a

PE0DASE aneous agbBetdpdCothé Psdnbivadion, &b BtHoalie iR orBprises
plurality of electrodes fromsilicon using

S ERTE R GRS OT SPIR B E RS PRIl R fa @5 ie @gecu@pwt@ fhg agray structure; and
r ﬁé&nhg alermh@lu&xo ?drﬁlcat Jogﬁm% Rfn bl film silver

| owed by nickel onto the master %D | d; heati ng,
sWéhu ng, argothe aspewgoﬁhe pskephiaveion) themettod dinthyr t:tbmpnses
f to.forma
A ol e B LR T it Sh b U Sl i b B
rermasswgmm@eslra}ummfrom the repli ca m)I d [00421
I t her as resent i.nven
f Ebr"?zg r co rr]%‘l ralggtg’ér ¥fe Flﬁ'a‘f%ﬁ?mplp‘é%lggg 5 regiie{i &ifa Wﬁgeé Pgllnmducmg
t mefa@emcaelmdabenez@do bodyuidsursan a avshmdeQis behdath tﬁ@ epidermis of a

I n anot her

es ve | ayer on.the str 4004
SBATRL SR g R Ry tRE s coRBRTRE et el eenerator

C ecmfr gufsdso pRahyetiwl sé&h@ gighalt; ah@ a fik Qdd dechiti SRQEHREus
ﬁﬂ?t of the reseg@éknventlon t he nethod further

Qe gEray;RFitigRAg thediididery g firk Borbinn of thr @atienk 5 bedi and
aﬁ&lﬁ&ﬂg g sdcbRd Syl deBorkiPoftRInrehGRABHEIHOUS such that the first and
coating. [00451 |n another aspect of ‘the present
i ARFERd FIEHYS aferRosivendten theHsHe et thepgient ead theprealydentgite is located
di b&We&gthQ Iirst Bhdsec O érfh?s %’m.luggb Hﬁa&akﬁlcog(@QFfr&{l%a%H "#28Q"and second
onto the array structure;

signals; and introducing the therapeutlc signal through the first and second arrays.

BRIEF DESCRIPTION OF THE DRAWINGS

[0048] Fig. 1 is a side view of a percutaneous electrode array;

[0049] Fig. 2 is a cross-sectional view of human skin;
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heating the structure to forma conductive film
coating. [00461 In another aspect of the present
wonvesmnzen, the nmethod further conprises fornPa@/ua2004/011395
conductive _filmconprising indiumtin oxide by
Wﬂ‘@“ q,ﬁ Z0B.i I} ‘‘‘‘‘‘ \@W nfa pprwaessededtmtioatdyeomprisiyg an
004 In "anot her aspect, the present
|nvent|on i dlrected to a method of introducing
tledldpeut i EigeBAdt ani axampkar;emg;adtrmedo oflypdré\a&ieass didttrade array
tcro% I’lﬁﬁgg Slﬁ)S&gteQVlt evﬁtbd.'gﬂg derf?ﬁs of a patient,

ng: provi @t apy appar at us
(:{0053:] i si ngFiga3Biigniab vwaqkwutmemklegmmnw fRUOENEE an
fi Ls%ﬂﬂgnd second signals; and a first and second
A&Gus el ectrode array; positioning the first
0058y on angl B@lis m&dﬂaﬂeal%awlﬁgnﬁ%dtﬁg%n%ﬂﬂ;&ib&y%&@?dimem ofa

OSItI oni n e second arr l/ on a second pOFtI on o

tH?@“E&P‘?"é ﬁ?e‘:§04§c?t§’i?y sthsHate gad clegiwdesir st and  second
0ol S ar erROsidd Sned=HBr 5rh8e5tﬂo§§ Usthte Eﬁ@mpﬁhésiﬂ layer baving

and the treatnent site is |located between t
a?\ﬁdn@@é@ﬁéalﬁﬁlﬂlayslemﬁ@# mng a therapeutic signal from

R e T O T R

alemegns. BRI EF DESCRI PTI ON OF THE DRAWNGS [0048] Fi g.
]‘8%532,? si d%lgzk &Y scfcﬁecxgt%\gs grg%lggg%ﬁggoﬁ%%gg%qeﬁar @ﬁﬁpﬂ@_smmg

-eTemmt 2005/ 002662 PCT/ US2004/ 011395 P 3,.1.s:. si ow
percu Qus'. electrode.arra si ng an
gﬁ%@éi on | %P 1§ DRfECH{t daegpm afen cxe H Wﬁltél?"f/measures the

eepehtiRf ap intépred tigigenUS el ectrode array
ﬁ I sing_a gﬁbstrate wi th voids and an adhesi on

It {}%ﬁ [ 00518} O cirgnitidiagtam gfanpxemplary circpié thetmaasutss e

anﬁgérﬁt@%faﬁ [A¥erdted sdasiSontlidthr jafktioadhesi on | ayer;

[OO 3] Fig. 3C1s a nechani cal drawi ng illustrating an
¥ ary Bith6diindeitcul diagranpelan sxemplonicitshié ttat meeures the

qglgl ATl kS glectrodes; [0054] Fig. 4 is a

Si dgéfw ew of anogcfﬁgct rode substrate and an adhesion

| ayer having an integrated capacitive elenent; [0055]

Fig. 5is an ?ﬁf{%ﬁi {

capaci tance o e g%%ﬁééf %giogggrjﬁwg&%g%ﬁﬂ g. 6
is a side view of an el ectrode corrprl sing an

! [ﬂb&ﬁ rated TEQ ;e)rregngred Igs’élm%nt & sc;?oseci1 provides for the application of

therapeutic electrical signals to the body through a percutaneous electrode array. The array

efficiently delivers therapeutic electrical energy into the body provided by an electro-
therapy generator device. An electro-therapy generator device suitable for the production of
such energy is described in U.S. patent application No. 09/756,999, entitled “Electro-
Therapy Method and Apparatus,” filed on January 8, 2001 (and identified by Pennie &
Edmonds attorney docket no. 9756-005-999), which is hereby incorporated by reference in
its entirety for each of its teachings and embodiments.

[0061] The configuration of a percutaneous electrode array is shown in Fig. 1. As
shown in Fig. 1, the array comprises a substrate 110 and4 a plurality of electrodes 120.
Electrodes 120 are attached to a top side of substrate 110. An electrical connection to the
array is made on the bottom side of substrate 110 and preferably the entire bottom surface
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[0057] Fig. 6Ais a circuit diagramof an exenplary
circuit that neasures the tenperature of an
wonbesgoagsed t herm stor; [0058] Fig. 6B is a ci PCUUS2004/011395
d| agram of an exenplary circuit that neasures the
ﬂg@ﬁﬁr’ ﬁry@?@tﬁﬁwgg s aynlatiegimatendlcion etaotpds a jrovantplastic or fabric
B¢ s a Eircuit di agram of an exenpl ary
CIFCUIt that neasures the tenperature of a
tie2hocou pPl@fer@Eﬂ Ab¢HEdedDiESCR (RPN séFa tEéEn duldy pbFal1€Mpiped

aﬁg&g%p S llmg n é#tquﬁsglggﬁ&t‘gﬁe%alug@yﬁag leétgo\é/lﬁg?@prtelc?mbly

techmptiged g cylniderighcone p?ﬁhé:ditstamhdm citileg €lettestie eaibbdiynentft€ferably
efficient lB% del.i vers ther aggli%ci c .el ectrical

3’{%‘}% §OPRIS® P TBIS Ot ERA RAiRte iy [Hag wigih or

GRetatWI ofl@ich @Ecmﬂ& ipRfekdbPy EJ@@&@%@O 16 Q?@ﬁ@&&hm%w ce

sui t abl e foi;Fthe pr.oduction of such energ

dU3}i bed The totassurfage arer ohsiclcetardes in the arraorapels tiggaeea of each
%[Hctrédeecﬁnes@l@&hﬁ%r of H@&tﬁﬁ){s iNebied vﬁﬂldth@‘gﬁﬁ %E’ Srea a must be large

on January 8, 2001 (and i1dentifie
Eaﬁ*tahdg C%mt Be ﬁ@ytn@@@m@pntnmodgv@enmse mg)by twmmurortserapy
£Qr for
JERERE, S DRG] GHEhaREy Boubt oGRSt 481 e
corfidegraaf canh abﬁctradq)@nmnsasrthc) wsa of the tistdigp af thayletisode plus the
t. he a
SO ok fonk ey ROGNBE R oG i oG et that i nserted
ghte ¢lier shithe ?rﬂ;@fﬁbly, Heaathl debersdd Aface Aedisteteiee thah©. Psquap
S| dte f substrate 110. An electrical connection to the
CF’?&? ?g' made on the bottom side of substrate 110 and
[o&d4gr abl yId diealefiatd @efontd @nbithéaGRe tofal WecRORRMARRBAR is less
PCT/ US2004/ 011395 f.tle ar~artecc~, +~ .insul at | nq
ﬁ%&ﬂe‘% 7 suarecgptinagiers put the sHBspate hor a swiface greasaggier ghan 14.1 square
GRYIBfeterk. O@Mun%hﬁéoﬁﬁﬁﬁing arcd %@ MeglEheq8 BortBiRatfc ARl BE Srea of
a rectangul ar parallel epi ped attached at a proxina
dhreleciroderdingitpige eurent degsite forthe skiel y, each el ect rode
a6sspr ef er
glll stsg)ll end?g‘% é(f(t;c?cﬁ%;?cfﬂé ?%rte?g%t}é!% lalﬁgrﬁgieg Is e@&zﬁ% gle?cﬁgl surface area
fQﬁ ﬁhelféqctredﬁsmeg @§ 6&’crn®dmtlomﬁac®r(ﬂiat acaoouts cﬁtudhet elecamdel blannent

L.
00500l oo T O TR 0L 5360
[dD@&G«}e Jleegth)tad thsmuﬁﬁeleofateeaodbfs tiahercéh eqitdcodith thatkid(@0% of

oL By PR B eS80 e TR e o

aueanthplatitdile barge dersho l&ghleb@o%fafpy dtebﬁees&b @k fak &b milliamps per
current intro uced i nto_t he

SYUETE PRUMTET JpSPRIGE ArEr-aPBe W&gw o H\mﬁw@ﬂﬁ?q@g@%@a& gqeral
Qifférenticofi®ngitions 4 W GHI6RE iRbldacieehiskd the ﬁéc%%ary-réfﬁctwe contact

surface area of each el ectrode conmpri ses the area of
13 ngpdaddp redpee e crment dpasity pelaw the YiRAdisat. One way to increase the

area is to increase the length L1 of each electrode 120 in the percutaneous electrode array,

1.6., the length in contact with the ionic environment of the body, in order to maximize the
area for electrical conduction. The maximum length is determined by observing the
structure of the skin in the human body.

[0066] Fig. 2 illustrates a typical cross section of skin. The top layer of skin
disclosed in Fig. 2, the stratum corneum, is comprised mostly of dead skin cells. Other

layers beneath the stratum corneum include the stratum lucidum, stratum granulosum,
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surface area along the effective length of the

el ectrode, LI, i.e. the length that is inserted into
woheosgkeas2 Preferably, the total el ectrode surfPatasaneali3os

Is greater than 0.2 square centineters. [0064] In an

,gmzqm MiBoRTee theesitapurbosdalereFlhese fikielayers ate collatively @aown as the

b&&é%& Fihe@pid ?éoi/erstt?@%rrgmatéx‘f‘agq&% Fa%/é:rg qinh\gﬁt %ﬁ;s Eerrms, which

t he substr at as a sur e ar gr eat er
s gisagantains Herjesgrieriss, véiheg oclympbattc \eevetiu Tlepagligy @ah®focation of the

t t c nat £ th.the area

o PO Aol I RERLQEH B0 i € SR ne iaodt 500 um. The
[ @ﬂﬁ@lﬁye IEhgﬂﬁef éleataldeelzn?mpxaﬁa&abay BéthBén Ih2|06éni& B@@ﬁrhomsmr@

equ the tata ace . ar . of the electrode
Pl ey endinns 30 vhes GR B e O5eETine 420 pracraes into the
eb[ﬁ@dﬂhﬂ;(}lbut@om freach biiyf @efs @A IERS) of B}Hﬁfﬁaﬁ&e@&m Gk

s jonic environment (70% o

oF o frmeih of B gleryodea preebhdad Griheloesionodes taharay i
aktBichdll AR AeloMitidh dMR: ki \Qlﬂﬁﬁ% ol d)tnh)‘?ggg A neTREL: length is

of electrodes in the array). The Fo
AP & maich Bigsq vamables, coabling theyeldcirpde eg*ratyh@swmss@ﬂy traHSIt toa

dﬁ‘(ﬁﬁt’ Jﬁ%‘frggﬁ Fcheeép?tﬁhﬁ@ "hﬁ?fe%{ax 1%84’[@%%&180 gaiili‘? retcgp IS, ref,}céng the

per square ce nmet er con are
V\Anﬁ?ﬁl?,ﬂ(ﬂ the percutireony ¢leafotid mm@gmally@atﬂﬁat Bewbist properties of the

d der t
ac S BN OR bBA ERRa dE BRe T Sy hahirBamhtyec.
t Bmﬂ@mme, thh sndljdmma'&r ofendi dlyctiodt 020, Tah@lt ERAlidrhdtdrtof a@iﬁ‘cal

o et AR e o] ot g G e e Frsplegagted by e

acleasode. i . €., the Iength in contact with the ionic
eﬂ)é ,9onrrent of the body, in order to maxim ze the
atols

For. el MEmyS AT rsEesA20 R ErTferrblrprapFrdignlar to substrate

det0p bk g heingRR BefwébiNBerbdM@iculf AHCiAiR1 Bfihd n
t he human bod)% 0066] &E& 3 EIHﬁ%trat estha&?;&#é Ait&mgthe

cPgdenisalproRsHics P qzqsﬁate THéaqdésvg eleav@ctes 320 why puhance adhemon of the
d t d
) O MR e coteal IftaS P POy 3 SRIPEIAES
stnpmmf@@ tensignelong theddane hésubsiraie UHY bmemﬂmctrsaesaau nnd the skin
gh&alr;i %£ Wﬁgﬁl‘ugﬁ) Tﬁ Srge)ec PCT US q{} 3aglsact gs aspring. In

C@IIIS %@mplﬁeﬁtyayldl@@mukbbdﬂme@md% ms&ﬁoﬂ' h@hep btl®r ¥00Ss released, the
C a own as the

CERHAbR bR B NRE (Wi e Sikiles o026 nst i Wi s
of00b§Inphat iln an ekaedtie pREpaddbydiatent, Beay Ao Risla sihhl;ﬁe

B e Ry b0l st FmpYHGLS of e el s regmg corelated

ofvitebids wnqﬁwuré B30 formuphich eXBRbes8s mﬁg aﬂ%ﬂ Ah3980 made from
um . and ugcl%refelr ably between 15 O urn $So

t Figh mafrat prgfegably "c’i‘d’éﬂdl%@%‘@%tﬂpag ééeﬁlm@dtahlé along the
CRirfiBs fes fé%&m@@?@ MRk ek

veins, or. ynphat i c vesgelfagggn ﬁﬁ%nﬁ%&é@ﬁo\x/@f#ﬁ efe}%m?es 120

t Hé’fr‘“’éiyé’@ﬁlﬂﬁdh%sms preferably adapted to the |ocation

WRES the afiL@ndsSi20 are preferably composed of material having good electrical

conductive properties, such as doped silicon, silicon-metal compounds, nickel/iron alloy,

stainless steel, conductive inks, an allotrope of carbon such as glassy carbon derived from
high carbon content polymer pyrolysis, conductive polymers, polymer/ graphite or

polymer/metal composite blends, and other biocompatible metals. The materials also have
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attached and to the condition of the skin wthin that

regi on of body. The electrode length is tailored to
woabashozgese variabl es, enabling the el ectrodeParfuagooso1139s

sucfcessfully transit to a point just past the

EBRgar ;Sﬁﬁr’eéﬁ?rtﬁég‘i%%t the frageird of edRstrodes infhejghifn In the preferred
r&%gﬁﬁﬁ th FH $9E L ﬂes?gteéfhhe per cut aneous

el ectrode array vi paln ess e elastic

P88 ti es A@fdemhestrawldlahowethp dirsemaionhof thspdrefitnebetilentrode array

[ een_r.enpve
e BRALPRN, |8 Bl ebimchl G B Bl O8RS B RN GE st oo
abioet eledicatinacienieal &lyétems tdy MEME. MEMS s hailtidisviplidary field
limt the anmo fJ t hat, coul d. fl ow t hrough, the
HEF & RPELE 8%“856%?8” %trf&éﬁl%a%lme{l@é'e% ieczrvwéu%?*ww%}%éenlstry,
aife sdiewts adesechaficAkagipdeeher ahik ¥robefife RAViFdAhRht Ha8 led to the
p(gbst rate 110, I%&J may be angl ed between

VR arrasTE of mHcry W&Pé}%@é Pmtcalr?wce flyBicFseasorp|meigtor megfors and
tH160d dFBEERIsOAmPERRRAH] Tfe ﬁi‘an@f‘da&tero@é&né-ﬂ&cﬁﬁ%@ electrode array

el ectrodes 120 may enhance adhesion of the array

tbodimsnts medray @akppwishsekor dut figlds 9égilacu8,zectem0\be

ved o [ S| | on
(ST e G AR bt BEDRATIRGp LT chRBTLIgp AR ve
tIh@eé?mIm anyshigh earbrti gogtentwolymei @nh of pipired pahyawmlonﬁuie The

T T YR T E T
VHEA procesy. LITRA iss mmtcelmhldl,ngtthﬁnolbg}’lﬁﬂ waiclsKahethdiafion is used in

SHO TG R, AL S PR32 CREh Ry Spiany 20

arxtragedliB€taloshags) lﬁESDa;trﬁ&’raqaeeaan%m%aYedﬁﬁin@'tms Bro@ess. In the process,
n tepperature of the alloy is

ey Mg S e o BRSO SRR s procossing. This

fras1a Wl e mattepliRGRIS Ui&l&frofnlaﬁngaﬂlﬂlpﬂlm ﬁﬂelaf()ﬂ@\yedll%pmckel
nﬁﬁf from such nmaterials would preferably expand or

reRiice il adfhigkssy it erongs sieasTolepending ondle haghenical loads - -
afo%?e k%flt snba! fokhRerthate NS @Qﬁd edd eﬁﬁ%l e%%ﬂo%rhlm The

d force electrodes 120 ateral l'y agal
s@hmls pjapebaRpingt the rapbicke Prasslreas @pppcéfoépa:b Iﬂy: w@menhtertal into
I [ (o l,ve
B 1 A2 101 8098 Gl LN g s o
cléfPdunds, Qmice kelpidce @Erfoahédoy is fn$ti at 41063 ® driveelt, volatile chemicals

Cﬁﬁqgﬁlteg%{c?se{ Lrﬂle( %%a? ﬁ)ﬁs 13 oll% gﬁ(? gkﬁﬁ%‘%r a8 %%%e%é to form

arbon I'ved
p;arhn:lnyzsd satecioh dﬂmtplace lmhymased # ebgum [ d(gl’,‘ &Piftle®se@bnductivity by

PRIRTE s e cheven Tt g ST Sizp & Ge BlemiEhdgs, e relatiyelydow strain

&ﬁ@@r@&%% ri?ﬁa'xfidllsa Q@ﬁﬁr@s’bﬂﬁﬂﬁeakﬁ@é PprobRBYL e’BIafkr many insertion
~seﬁ gto :p~rnt the fracture of el ectrodes in the

K1 n the preferred enbodi ment, the array
deU‘IB]I ses Hﬂ&?al?e]a@htﬁ& éafén%ﬁ%m%t)&iﬁ{ent [:%Kglvepﬁ(s are s é%g/ed onto the

nonst r at ed above di mensi ons per cut a

etlesodopeyiprmgs from e pebmeéwhys anbthymnethmﬂeﬂeapd’ém
AN1oH&B hedB ko St BIHE GRrBES HSRAND céxﬁu&t%y%& aflRsion of the

conductive film.

[0074] In another alternative preferred embodiment, indium tin oxide is applied to a

PMMA electrode array. A glycol-metal precursor of indium tin oxide is sprayed or spin-
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mcro electrical nmechanical systens, or MEMS. MEMS is
a nultidisciplinary field enconpassing

waizersgeteset roni ¢ fabrication, polynerization PCT/US2004/011395
techni ques, physical chemistry, [life sciences and

frpathdopiadia mgagnﬁeﬁm h@tecﬂ’:b laBowe HOGG td foeth @ cemtMb i@ BB oating.
m cro and nano-si zed

rl[l%u%]t%ﬂlroé( éde cﬁ %ngﬁ §Xlﬁ‘l”g ?‘@e@e“ﬁ’%‘f@mm}rﬂﬁl“ﬁ%t ors and

@5y ¢ henfsinoyhes Yisdr@itiwe prefared RinBodiklgy, ApSYIRCh I Es Qfed to form
Cﬁe&WE&ercu neous el ectrode array enbodi nent s may

n Dk AsRic dgay-frlgss frewt of @Fb&r mial ppvisier eisaeptie peder or
[24bhitb-nhibfer @8l &JdNeth bl dpreduedor efrfdd o fmﬁ ateﬂ%l%&%rately

carbon el ectrodes can be "nmade from any car

CoRfusHYe- pdsgFagation ef fugh a@cmtta@hn%qfdhwm@@wy fgteiiak dahdead to poor
TRk B hed ol

oG] ol ROATViY B B 08 composit dpvice. Thamal procesing of
B¢ ergnnolie, whieesopme of ths yolatile@Amipsnetsif dreoniainé miedgiven off, may

t ' y radiation is used in the
Irﬁgﬂgg{z(ﬁg%thgd#%rﬁﬂgé%%gt rati o, precision

riDe76hst r uctnuamether bkBfetiva pteferadenibydineal, byre 2dtal evdléogdeshosited

t b t ed
O st aad dotis fgelfr e st PPy B iptas  SShaucriviy
dffe@&teﬁdO(D a1 00D Seo@n usi ng sem conduct or |ithographic
ssing, Thi ld i.,s used to pake replica nolds
ﬁ@ Hect r offt &t ?I%&ag‘r?‘?“ﬁmﬂ@%t @Iawlméﬁﬂebﬁéédwo thecaay to
Hh@eerse el oadual Hy bEe ardyind kRS s thefanly & MG, ﬁgeﬁﬂﬁétrates a
the nmechanjical |oads _borne by it

di
F‘{;‘?f’é‘}i‘?‘% elesirads Ty Gabipeindas sanahasioRdERE dARIKD roqon@ases a
I sibdrate F1i0] %hnaﬂ%eof efidct rH&és%Z@laﬁﬁ ‘ﬁﬁi p@%@ ) 'fh?gg Fétred

Pressurelsapled to force th merrc mater
itpethod efieanyicre, afesion dayshdiQtis taqidpé tcppfrrcujdaeotmhﬂectrode array 300 by
HEEd1 X
[Og%gﬁr%tmce il to fo‘gzlggﬁe y&%ﬂ tﬁerk%lrdtgée %%%s?r?{eﬁgggegrtwe%ﬁeﬁodes 320,
tag byl plevenpd ﬁhee‘mfdayer mathielwitiairsay 300d Otler trhethotomeay bé Bédent to
P Th| Is followed by an 800 C bake in inert
n{;}%Jﬂhhiélrne 0 ¥6rm carboni zed material. The piece is

f[Oﬁ’ISﬂler balFigd. M—3€bﬂm§xa€thﬂef€irécDemmilﬁ@ﬁ ef@p@du&{ebua &¥ctrode

e e BRSPS oo b S 34
oapeikdsi axtibafatd 310, ﬁl'plﬁlfhlhl‘}a:kf R trH@ds 30 %%ﬁﬁesﬂmtl 6%@3@3 @nd a
em. even after i nsertion gc es. E

D s g BroupsgRiect] Oc AUbeReRIAYer S8 aRRicddo b hoag e of
HuBstHR AWEd th@tdEJlﬁrou?ll f6ilid %@ﬁgsﬁﬂ){tef?»@ﬁ ”Rghefm/%'ﬁﬁr 330 secures

pol ymer such as  pol met hacryl at e,
I\FB%I gleditade fothe patent @n@@@ﬁirabiz aidein the pasdsetionioblie eldetrical signal into

ctﬁ@bfiw isvbdoate@ M@é‘ ot fof !&ﬁle gég%%bve film

[0074] In another alternative pre err enbodi ment ,
i [ROTm t i nFisxBBalepistsapen view of erray 3®mreh@mm@f adhe_smn layer

S0 oo T SRR B PR 533550

rxcanurf@:t\m:cb&m{ua-shgaﬂ pfStainiesst sbat] stempdabanii/of 8dked 16 pteduBR foids 340
< oﬁ%ié {rocyes 356 n}unqcﬁlé arre]zgof voids 340. Electrodes 320 are bended upward so that

the major axis is in the desired direction, preferably normal to the surface of substrate 310.

[0080] Fig. 3C is a mechanical drawing depicting an exemplary embodiment of
percutaneous electrode array 300. The array comprises 3600 electrodes arranged in a

regular grid pattern of 60 by 60. The width W1 of each electrode is approximately 200 um.
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Indiumtin oxide coatings exhibit superb conductivity

properties. [0075] In another alternative preferred
wenhsdorent , a pol yner blend is used to form PO®US2004/011395
array. In such an array, a |large amount of either

iglanqecideidinbont 860.pmisenagatectiel electordes. gitephditrensiomsatiubien a 5 cm

s Q:grgsflayto% gﬁc@‘% Ft bgtaﬁ A %lél)r 28 etl tgroges Wéﬁlﬂ%tﬂe 8%1'(1@{6 efore they

con PVE. gr eg
muﬂﬁmthatﬁnns of the conductlve materi al can | ead to

uni f he sur.f duc IVIt of .t
B8 oo Sl it St REr SRS bydipdel oot construct
(coﬂ@m&lgtaﬁ cleotislye. smamlmfnumemm loathle |h§2d16 SHTRBREM 1S isOfmited by the
ture are.driven off to reduce this

&é%%f FgaLatery ipe and e V)@&haunw%ﬁqe@%wféhq g3 nreferred
REDb&iTeat t&rﬁﬁ@? b&ﬁﬂﬂises P Hﬁ?uﬂ%@ﬂ: comiuélveGht, 09enRshk&ftype

on_ a rraster no fini n%t e el ectrode structure.

PHEP3Er i the hY(iﬁ%gehﬁteéPOﬂqé the eisrtliewetevinthe oo atitheeaporan drying
R ekhd QQQ}Qanﬁl r@cmcn{gqgcy ddthedife &h&ﬁlv%ﬁg&ﬂpﬁﬁ‘ e 1 il‘ﬁpuse of

adhesion layer 1's added t Qﬂme arr I ncrea
coehdancaiay Wo}dlddfeqltltﬁeﬁ lagheayplzlwd validmer éf thhararis ﬂyxddmrtlteeshn/array

I d
HdcRani & Ert?rﬁlcn 15 %‘f&lgg &i¥er %}1 afl ?nsgaﬂfa%eo%g ldSoR?P gn ér%% Fflmpedance

arrays t es an adnesion Iayer
Cempedus @:Nnag rissibat neplenst Gecliag i the ghttdnyarﬂfcoﬁdzafrhﬁﬁgiﬁs current at

3P e PO SRR B o B Sl AT 0
gﬁeﬁfenab]améqﬂm BIpﬁﬁzttdeCﬁ&mﬁba[tﬁM tl?z@%dh)tray is no longer suitable for use.
3$&§Eltlng nmat e aé.%g%%ornwﬁ?s r on the surface

bst r a{.nea %ri e mept 48 g%ams Wtegwls well known in
Rhefreihag whes 89REedab alr @ﬁ&f th&BdcRAiAd midetify c%ﬁtraﬁﬁhggtgg electrodeis
Clher nmet hods maybe evident to one with skill t he

&penedy ery5s fhedpygeogeia. Sigwly Phagge polpkasa fpnaiioa of the evaporatwn rate.
&5 Lt thefy dﬁ)ggﬁﬁma@e%%ﬁnﬁ ia‘fp %%%?J: Carﬁw&&i furn into a

i ncl udes an adheS|on | ayer. arra
3Btk qolgrgfer xpesire to thy gmoaqherec dﬁmagedyahsnmmat aipealﬁﬂ.@: of the

Sy e Bl 560955 o 0 RIS TR

Aukh%ﬁ: that thayezy 1880 todemeplaveé dr thet the intapritysofite pxickagmg is

rotrudées through voi
N El T L A —
eiﬂ!etéﬂ‘le bgdrogel fhhshcﬁ)mmhﬂoeimtept cﬂlﬁdct_(m&f llaﬂﬁﬁﬂ kingh gﬁerﬂuﬁaltrmnon would
condu 0 ri,c i gna nt.o the
STBEY ?%&‘?i Sﬁ}} 3&9&5’1 Vigusleres a Tes lagretéeslﬂn
(008391 Fi gin aﬁfalﬁﬁﬁtlﬁé ﬁe&nﬁe@ Bm¥b&MeRt arpidhedorAfeRE R %I%ctrode is
er 330. El ectrodes 320 and

I.i catiqn of hesion_l a
0@5’%@@4@ g%f?‘éma? HFgedy rhﬁs f‘g‘rqua onthedsrpperrgnie matspsing by
ahda8MindQRe &18ctrifHR BafatiRdndE 66khE L@sRn $HeLFiRl (ﬁgc%sgé ﬁl%%omponents

steel stanped and/or etched to produce voi ds
et due prabRAUMELO Asishewhintig 4afreglestrodasiogprise: substrate 410 an

BiRGHadRs 4??(? Qndaa[ c?ap?cﬁp%?jiatg QWE&@?&:‘& g%ﬂtmsg a"t]ﬁ% Y%ELQAFS

axis 1s1n eS|re rection,
t@?@a@m?q Id@te 46@ CCSD[M@BEF asrealetmn @ﬂ@ﬁ@ibtlﬁ@ g:.ateﬁél orsthabottom side of

n npl ar
o§ perc anéous ie ggg?ga '§3c0$ﬁé$ggP§§ﬁJW%c(mﬂmmgn
dayepr3 @dst@s0 W@bmﬁumd@%tar(mﬂﬂgad 4i0ardl plate 440). The capacitance of

the array capacitor is a function of both temperature and moisture content. An electrical

lead is connected to plate 440 for connection in a2 monitoring circuit. Insulating layer 450 is

coated over plate 440 to prevent plate 440 from electrically contacting the patient or others.
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regular grid pattern of 60 by 60. The wdth W of each
el ectrode i s approxi mat eI y 200 um -12 WO 2005/ 002662
weCHsugaep4/ 011395 ,,, :di tans fiih9j" ;bou RCPQS2004p11395
B arates the eI ectrodes. These di nensions result in
4 %D Abmy *Wt i @F ﬁlﬂﬁ 4 fypesre eapeditapesrse Welbkrewn inghsibuan expgplary
hesit fRdRs &g &kﬁcéfs%ﬁ‘us%ée EneF hfyl\degsﬁﬁnﬁ&a{em 500
upwar ds. Uitapl e materials se’in
IZWPHFS a@aﬁp@ rd@@t@qal low-pres files SELARE, ral])@tr of bonb Fiehcangpagators 530,
C I T |
E’ilfg 4ﬂ18 ﬂo&lj‘l%SO dﬂg @E&M@S?& r?ag[?%r %ér\l}%ﬂlglr: g%IOdmﬁ%%u%eé‘%éhl%xlcy clock
t5l8@ ﬁm&’@é?rﬂlmbldaﬂm@mms cahpddest c@’ehe 81gm1 gerpragdddiyrtidelectro-therapy

L%Iﬁecfato 1de dtg?c%baé h arX%% %r‘%é%s‘ﬁ LT tn%‘b@ﬁé6 999, entitled

hwcagmhenagy Meﬂmﬁedd W@pirhias, aﬁred ohhamaat & aoon(ahm ﬁ:‘leﬁﬁ‘ﬁed by
reducl n

in out_the array an
e BT AR (980 5 SPEn 10 BV e Wblaefermip gha ggacitance
foad@gﬁm@@rm(r ay would require a higher applied
voltage. If the array is flexed or the skin/array

r{B%fﬁén i cal SHpaierdl aid eapagitivy Ritts 4G fre sprngcted fp 2 monitoring circuit
| BfpABLANRRPSs 4lOR st 6 52061 ?ﬁtfel@%'lgl 52'0'3?%%’@91% gﬁ& 8-pole switched

occur, gl ving rise to an unpl easant

Mpﬁcﬁﬁt ]éfﬁﬁth@@?ésemtﬂd? pipgsotdabsignal.r @mnpaatorsrﬁéf),rﬂ@ akftect the zero
g:S(?oﬁm%? tgg Igtg‘tlgllé F&ggéeo?ﬁgé\gﬁlt%?ﬁgépg gireté- %B%ed 2 tﬂ?g{ 5%!)181011 resistor,
mnd\thmbewaanapaqmrc Reffavence h@l‘npartter 20rsatp ﬂqsﬂnp 55(1; m@mh starts counter

ef d d
100! 08 sFadeRincd S Emparh 8P B et Mo e 30, iR Colig: 360, High
tﬂ'ﬁquc:nmkmk é X(p)pmlenﬂei mclgclnn@ilgrml tot dmgntﬁﬂﬁﬂ()agm&gmﬂﬁhﬁﬁﬂs @he counter
Cont i.ni.n e roae 1s ene causes the .
3 faf&S ?i% yfé@ﬁahﬁéu%t&t Cagacttyngs iRl R?ﬁf%HFS Hpero

&t@@ﬁgal\/h&ﬁcd@bﬂer 5769626 ¥RBE and BRen R 088kerMBY. MRS counter
a normal ly cl ear_ appearance, but would turn into a

PRSI the fime ditEpgs hetw cemibe Kero graveiBgs Rf ke reference signal and the
@uh@ﬁtﬂ&tohgﬂh)é caﬂa@ﬁern ‘Mﬁ?&:mﬁﬁlﬂﬁaﬁ@% ﬁﬂ.{nh§ @@ hm i@ Rween the
may be col ored, after exposure t 8 turns
cignals frogy thig CethMGMEn@b@ﬁw nﬂhhe gaacitange ofi thealaemcatyacltor This
5SS eanEnephasa s oL oDtk DPub LRI Lol gner s
| compeisessideiidad, SOfcwalamhaahtee rtlnatnéormaeéretorcbtérmnﬂa attheretntnge in
in di. r ect . cont a
agah’a&taﬁ%er né}x%ﬁfc% %%%ﬁllgsg r eac%h a éctc:t 5101 on g g% SltF \%ﬁanc\l\%tl\up the system
odmmmrﬂ ifhen deluser adthetdner bgmlrtmge IThevsd ftverit reqeiaas thg aapatific
#ldu on, t he.skin.. " é0b083,1 I n a\g al ternative
o aH 50 0 S i FiEAEtenis Pefineinsf iR aapration
eﬂoesﬁ] rode iFsg. RisGidse BitefefedlghRidknat of hn &bRrode E&Mpﬁb?&g a
t or, if the tenperature i s increasi

Siri5 Sl Pha et oA R SR OGP (DTN The clement
| @Mses"_dng of 4 tiiHktod SeBode6r &Mf@%ﬁ@ﬁcﬁmto?funﬁmns and a
embodi nent. As shown in Flg 4, the el ectrode

cBFpITcewe. Angymeferred embpdgnen fempetpiassi chmana g is 4 3mall device,
Qg%i@ﬂﬂpﬂc; th¥@ tRindf. ?mﬁ‘f‘ﬁ HOMREE Or ek BRHL )?%646 QCAU.?MQII;' measures

Capacitive plate 440 conpri'ses a sna sect
othe tepigragare 9Bsuleirase 6H)- -on t he bott om si de of

[0087} In an alternative preferred embodiment, an electrode comprising an adhesion

- layer has temperature-sensing element 640 embedded in the adhesion layer to monitor the

integrity of the adhesion layer, for reasons stated above in the capécitance embodiment.
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adhesion layer 430, thus formng an electrica
capacitor conprising a dielectric (adhesion |ayer
wa20)s/optsneen two conductive plates (substrat eP¢TWUS20d/011395
pl ate 440). The capacitance of the array capacitor is
B Oﬁﬁhqus ﬁrﬂﬁfﬁfp tm&lﬁmﬁ@@mmm@nan@nmﬂrgmwmmaems the

ke r?n a%[e bk Q? rcutlu?e@gs élg‘ctr.%ﬁg QS&I ceo%phgmg aff rﬁ §4th Ihlglrrmstor In this

ectron fn a nonitoring circu
4i5bodimentc thatnaistonelemens 640 & cbpdfectad tp aamrtbnqg @tceit 41Aﬁpnsmg a

e S e T S e P e

ca][tyaﬂext &0aad andcroadnkrokeras0. iAmplifier foc’(l ehnﬂﬁhtmgmbmihﬁn mode

| TP . cjrguit asurjng the

bpive st it edbidoieth ramviad Sfmens 6 tp BemomaiDg Ryt The
SELAIVEI e HORTINPIERE 66D Vidies ad fulnbleIM Ireahy teRWeRASS The
filters 510, 520, a pair of |ow offset conparators.

Bogitoring@rouis cpnveps meaﬁlt%olgnal tpiakbinayy vduiemabgdo-digital
BheRGY0N ahb ﬁ{onﬁalﬂlga&@u@ AP R RRERLYocbhRer 6% 3

stabl e sinusoi dal sign a conponent of the sign

gefiearg thag cqnyeritihe blnémrpmreseen@ﬁla% of thg seléaga signaldeto itl@éemperature of
JLbed in nore detail in U S. patent application

No. 091756, 999, entitled "Electro-Therapy Method and

A8AL at us, Figf 6B isck apnguid diaalanyom eXéIﬁﬂlm(yaxilduii: tenmedsineslthe

N 2 T —

csémadﬂmh:stoo or dlsgtete-ddﬁae seﬁrﬁ&&ﬁﬁct&gbﬁcttroat & #ﬁils(b_rrﬁi&di_ment, element 640

ac i tive 40.ar.e con ted to nonitorin }
PR « oo s Bt SSETRE P SRgTomog s depphdsptbehavior
ﬁib@meBs&@esﬂér&ﬁe&ﬁt&ﬂ ty a QiyhPrécitorS - AOIhOwE M FigheBl the junction is
C|tor filters that pass.a stabl e sinusoida
fg}wa’ie %Wﬁalﬁ%ﬂn@@c‘s‘é@mmmg fOnEet cHent spes 051, a reference

GésD86r 939 Santmpllifier §J0afd Shafd SRR EorRbkR W0 3RR 'nﬁgroE&ltroller

t he reference, a fixed precision resistor, and

2BP-aYheaEest i évpphpeéwew%@e 649 HpaREATeTSITID 2 4o fogward blas junction
folb PANNCRReIR Qleas\ﬁ@édqaro@g gﬁn oncélllén%ﬁ};c}i ﬁﬂgré%lon \tlaqmpeﬁature

capacl tance conmp ar at or resets
§&Qp§m@wdmpéﬂM5@®mCHughm1V@E@qemtwmwm@ntEBO provi des

k) 00K 1S, A0EL 8 RN B ASTSTE, s

thﬁzmamﬁs r:dmtrm'e(ls‘3|89cnlaﬂ“23 PpE)f Disrtbe alisslumetempﬂamﬁﬂn rlggrees Kelvin, q

Ier h rese
O R BEPRL Gt 800 AT EponE) S Rhorl Puteobt B4 refernce
Gtufrélﬁr aiddpmbidnaamation enZ et ds he essiatigscidfent 5fehd &het@a6Ror
k%ﬁ?&“5F§¥ gurrent t hrough t he capacitor.
¥det er mi nes t he phase. shift
t[eaga@ en t hemplifigNed0Sndre263 the fureQbioltadbicCd st il level and converter
i ndi cative of .the, capacitance of the array capacit

P fansfersdhestent niea PRawgergentation. Midowhppilerede ugs the binary

rhRedoRtiSh AN RtSmiMid LML hGFe. 570 conpri ses
enbedded software that Uses this information to

deBd ni ne Fig 6Rés aeiepugdiagrem obhpenicmaliceciru et ervhsies the

e LA pelc RN R AREAERY BAbid SulBSEoul. f3s,
cordilinienh .teﬂmmﬁmn%Mme@ & thertnoaowpbe cA fheemocouple is a

device comprising two dissimilar metals (e.g., platinum and rhodium) in electrical contact

with each other at a junction. The device generates an electromotive force correlated to the

temperature at the junction. The thermocouple requires compensation for the temperature
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profile of the change in capacitance be maintained

during system operation. [00861 Fig. 6 discloses a
wonrefsmozee enbodi nent of an el ectrode conpri si RQTAIS2004/011395

substrate 610 and a tenperature-sensing el enent 640

qugp&,,?ns ﬁm}ﬁq} bgtpre@tde devties 2ol éveennectagignds Grobl-sneiaof

nnnnn

o behdilis ) a dlode or ot her sem conduct or
junction, and a thernocouple. In a preferred
el@d2di nent The mquﬂvmtgmleme Heweried 540g.i68 camprisdslan deyplifier, 660, a

PRlE Rl e b T il B BLRER S o0 ppgices

t theqpercatpile 64(D§ mﬁplh%l’t@eﬁcoﬁiéﬁer bOOEohilretkst It Ehdre Fepddsbntation, and

ef erred enbodi el ectyode c ri in
SRSt Papsreorae e fepe ir BRSaEIHg aNEeiormars the aray's
ephpedree. | Ambhiger 360 esiitARs thad&essaly JHRPohSRks tb Refect cold-junction

integrity of the adhesion |ayer, for reasons state
AFREFAHOR FECUIEN AP VAN KBOVEFhE #b i he soffyargyopntains a lookup table as
2@ Qr4198808 % BT Mgét/t %%ﬁ%ﬁy rebxxélserrﬂatlon. oﬁtﬁex‘ng)%oﬁglé%lgagé to

of an exenplary circuit that measures the tenperature
offmgpergdirgut aneous el ectrode array conprising an

[ r at ed ' 1,51
oftos B G g A TR el hebl % m RO Bl REELS! R s
cmniptdrbblngl the clvdtorthgrepydgancrinT dbwqu@@rmtht thei gatiﬁﬁ @;ortaharm If for

c o nv e r WQQ 3&;%%%?%%? T ?]IQ éa(_’)npsiﬁ%ﬂ eP‘PSIa“g% gt @ higher

efmtmhmatvesldangmaﬂynﬂmpamdea tempemBIrassnitirak @drtish ol tHelelectro-

a mthe to.the.noni
iRy 8ol P b ot e S R e b g e the
VasssHit@sf Sbdrk 0f themital @fitabibh. agudhaldpefea totii@iond B used to inform the
nmonitoring circuit converts the voltage signal to a ‘
bPREERIOT QEpCtratiphProfiemowii te ditesrity Pt the prigermears gygitodyagay, or the -
NEdHetigh bf‘ﬂa&dn{eﬁ%ftthé AR FUPHLS BRIPTLASACHRN K da8E in current
680 having software t hat converts the bi nary
régsésent ati on of the voltage signal into the

t fidesy atur efn%oméﬁk?rrbaa{n%t ﬂ[eoéi)&%-tﬁér gggeur?tzh teﬁ%@%b‘ﬁtﬁmously

dragram of ‘an exenplary ci’rcuit that
t mopderatherimpedanee pisheparentesoss eé¢c@ot1¢ adae' dhe dgvice includes a warning

¢ %cralto? '\xﬁ‘%healgrg e %raltcg‘h‘ﬁtgfx A8 181‘1 e‘ijéie(f‘{ﬁ%(negﬁs electrode array

di'scre evi ce se con or J
eistod hlghrmshcethgrtm theGy siomiipbd Qmskea od retpﬁieecb rThe indicator would

transj stor havi cteri ture
CBRSHSRE CrRRRAE e AL OF SRl i B e diode
h (I%merengleﬁloﬁmessége d’n”wl\Mquid’brﬁtzg dispBy (Ld.’JB) Jatﬂ aadid (Mdidation such as a
nnect e moni tQrj.ng circuit risin
CBREEH hd, Indn IS et SUeg b b pp arodiging device. The waming

6 lica®t cadlibd bd @kd ROEdicAB eRGRdoRfitibRyr Sbihd AlboeARdeiBlugged lead
670, and_a mcrocontroller 680. The current is

< TR ek PatigTish CRiSHRE GHDCTRF O TigRL meissiag qypaciianeepponitoring signal, or

f ahyehe: dirasivé LRRkiART i4fay A VOl tage is nmeasured
across junction 640, which varies with junction

t 60A961 at ur e Whilyhe imesmtion basdiappddsenited avithirblersnemiotrirefprred
v %Hb@&ﬁ]eﬂ@,dlt LAMPALRALHSd 'b§ those skllled)m the art that various changes may be

made and equivalents may be substituted for elements thereof without departing from the
scope of the invention. In addition, many modifications may be made to adapt a particular
situation or material to the teachings of the invention without departing from the essential

scope thereof. Therefore, it is intended that the invention not be limited to the particular
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[00901 Vjunction = kT/qg * In(ljunction/ljunction
saturation current), where k is Boltzmann's constant
wWO02083802610- 23 3/K), T is the absol ute tenperaPdraS2IV4/011395
degrees Kelvin, q_ 1is the electron charge (1.601 x
$SP°§mepiapgoyed ¥ s irencicontmplaisgrion b imsal bedhat the
R RN G A nbodiald t*a'l?lﬁ% WBinIAL $6RL 420 Qﬂﬂegc?éa.tclaims.
I's the saturation current o he sem cohduct or evi ce
(2 x 10.16 A for silicon). [00911 Anplifier 660
i ncreases the junction voltage to a useful |evel and
converter 670 transforns the signal into a binary
representation. Mcrocontroller 680 uses the binary
representation to determne the array tenperature.
[00921 Fig. 6Cis a circuit diagramof an exenplary
circuit that neasures the tenperature of a
per cut aneous el ectrode array conprising a
t hernmocouple. In this enbodi nent, tenperature el ement
640 conprises a thernocouple. A thernocouple is a
device conprising two dissimlar netals (e.qg.,
pl ati num and rhodium in electrical contact wth each
other at a junction. The device generates an
el ectronotive force correlated to the tenperature at
the junction. The thernocoupl e requires conpensation
for the tenperature -15 WD 2005/ 002662
PCT/ US2004/ 011395 EtLL. Igf:he, j~uyxz~a~ffoec
b, Et w~-~eu the device and its connecting | eads (cold
junction conpensation). [0093] The nonitoring circuit
illustrated in Fig. 6C conprises an anplifier 660, a
anal og-to-digital converter 670 and a mi crocontroller.
Amplifier 660 anplifies thernocouple 640's out put
vol tage, converter 670 converts it to a binary
representation, and then software in mcrocontroller .
680 uses the binary voltage value to determ ne the
array's " tenperature. Anplifier 660 contains the
necessary conponents to effect cold junction
conpensation circuitry as is well known in the art.
The software contains a | ookup table as is well known
in the art to convert the binary representation of
t hernocoupl e voltage to tenperature. [0094] In a
preferred enbodi nent, the neasured tenperature
paranmeter is used as an interlock in the
el ectro-therapy generator device to protect the
patient fromharm If for sone reason the array rises
above 40 degrees Celsius, or ranmps up in tenperature
at a higher rate than would normally be expected, a
tenperature-nonitoring portion of the electro- therapy
generator device can interrupt its output, thus
| essening or elimnating the possibility of a bum or
thermal irritation. Such detected conditions are used
to informthe operator of potential problens with the
integrity of the percutaneous el ectrode array, or the
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adhesi on or placenent of the array, two of the nost
i kely causes of an increase in current density.
wpQeBHp2dém anot her enbodi nent, the el ectro-t hePapgs2004/011395
generating deV|ce contlnuously noni tors the inpedance
W HAE iyl pqwekectrode array. The device
I n¢l udes "a marnlng i fidi cat or which alerts the
oper at or when the inpedance of the percutaneous
el ect nogtecuadneays eldciodd@rayifgiielivdttoGRdrageatid £8dtritdl Gnergy to a
array shoul d be .checked or replaced. The indicator
woul dPYSPEGPHBUSME or nore of a visual indication, for

exanpl e a Bkiudkitd dadihDhiop@iielhd RYoEHPHEe; 204 ED) or an
error message on an liquid crystal di spl’ay (LCD), an

audi o i ndi &BIFDiHY %i?é%ﬁaéesaacft}@émgr@r@@mbbndamstal end, an axis i
sensory indi cat I

devi ce. The mar%?ﬂgﬁﬂﬁ&%?%a?gxé?%2&%?@n£6£9%%h%%abngﬂwaxm
i ndi cate error Wbﬁ@nﬁm@némggéhsasmaalwﬂhemammbyfﬂwstnae
unpl ugged eries,

t enper at ur le]ﬁ%?m tﬁ\% élgcr?ﬁog é\ﬁ%%e (Q:goptgalc RS r?g mofeqﬁh%%z Square
signal, or anymmnmanmdefectlve condition of the

array. [0096] Wiile the invention has been descri bed

with reference to preferred enbodinents, it will be

undzr She edaypyf didimsie whbteln tedelbdiroibeara ﬁﬁbstaﬁ@etuy\aafyhmbs and have a
chang%{ ng% ?g tggge and e ui val ents may be

subst iANS ¢ to ﬁBﬂPgwf reof without departing
fromthe scope of the invention. In addition, many
nodlflggtlons may be made to adapt a partlcular

si t tratlPGATRY oﬁﬁaét”é‘rlp aﬂiertee threleqtpodengrn gabsigntiallye rectangular

i NVenth@neWhibSOons §§@ﬁ

there%f Tﬁg?e org%%ﬁ?ﬁ%ﬁﬁ?g%ﬁ%ﬁ%!@?ﬁ gbghbgn%ﬁ%%anda
not b&ottemisidecangd svhesein tbamdecsmea havelaawidih f205%¢ 2HP@BPometers.
PCT/ US2004/ 011395 e tMy Vi 'et,s c~~lo0%e' as e, bg t

node contenplated for this invention, but t hat the

i nvéntlihoarrey ¢f cliimd), wliereml the witbsdiesrbanites: Widihl df abous20hinfitrometers.
the scope of the appended clains. -17 WO 2005/ 002662

~p PCT/US2004/011395 [tWfiT I,,,!'t ,i "tr;s;~" "ilk

}c; 5.1 ThEafray bf claimA, pleeli tanRags of iReldeRsEs & BetyedhaR0 and 500
dellverln herapeutlc el ectrical energy to a

patle hﬁ ¥ising: a substrate having a top side and

a botton1S|de and a plurality of electrodes each
haV|n%Ega§ g% a distal end, an axis fromthe

pr o%i refndpe length of fig eleciredrgisbeiyesnd SPimad 200
aXIS,nnwﬁﬁkgtg each el ectrode is attached to the top

side of the substrate; wherein the el ectrodes have a

total surface area of nore than 0.2 square

ceny i Mk &y of claim 1, wherein the distal end of each electrode is one or more of

thinned and pointed to facilitate placement into skin.

8. The array of claim 1, wherein the axis of the electrodes is perpendicular to the

substrate.

9. The array of claim 1, wherein the axis of the electrodes is angled between

perpendicular and parallel to the substrate.
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2. The array of claim1, wherein the el ectrodes are

substantially a cylinder and have a dianeter of 20 to
wassmozsonet ers. 3. The array of claim 1, whepermstdee/011395

el ectrodes are substantially a rectangul ar

@quﬂl T @Wg@ﬁ r,dla.mw‘mﬁ:@in feisnbsfatertampoves sislgs;manggintetal alloy.

of “wi'de” Si des, "a"t’op §ide and a bottom side, and

wherein the wi de sides have a wdth of 20 to 250

m dnomed &tay.of 4laind hewledi¢ia Yhetdecarbdds Momprisevie @t motd v dopate

si des have a width.of _.about 200 mi croneters. . 5. The

ar r aySGroPdLgtey mate ’eslﬂé‘iOH'ni‘Eﬁé PRI Jfinleprstesh Serdugls

i's bepywasr, d2Bor2NBirdHY) andh E4rATEV@ Sotal RitheF Memak bAYep6iited

claim1, wherein the length of the electrodes is

bet weBAH80. and 200 nicroneters. 7. The array of

claim1, wherein the distal end of each electrode is

one or nore of thinned and pointed to facilitate

pl d@ebnardyrafolagh il nfurtBer comprising ajerareratira element hehdaddp the

the axis,gt the electrodes is perpendicular to the

substrate. 9. The array of claim1, wherein the axis

of the electrodes is angl ed between perpendicul ar and

DAl S5  f RE R g

ei n t hds ubshicahdict ipictise andia Heapeconpladry net a

alloy. 11. The array of claim1, wherein the

el ectrodes conprise one or nore of doped sem conduct or

mat ey, i he arfdyldfeRfin MEfutther@omPALiAL an &ihatioh BSé&:. St eel

conductive polyner, carbon allotrope, and a

conductive netal either in bulk or deposited

material. 12. The array of claim1, further conprising

a tenperature el enment bonded to the substrate. 13.

Thelg‘&haW@fOf@%mﬁ» fupthexgogpaisiagt he t enperat ure el enent

is one of i : [ ]

junction, g %:thﬁ t @f"%é}éﬁﬁf‘%tﬁ%ﬁg}l t@ﬁ gb%arﬁr(r&g’g%é% hc g‘l:er%wo the

1, further conprdtichrsgdeaandadhesi on |ayer. - 15. The

array of clajml urt her .co LSing., a.plurall f ..

Vol ax ¢ nat “pediedon it stEoRSRER Lo T gice By 458 sl it of

to the bottom motesiorgrdteading divesitiortop siderwieesipthe sépgde of the

a bottomside, a,to I de n lurality. of

protrusi ons ext @?ﬁ?l%bﬁgﬁd%%t?ﬁcﬂ%ﬁ?%be%%agﬁ SY%?& s sHbsiFafe> and the

top side of t heprotrusions pass through the voids to a first height above the top side

i

of the substrate.

16. The array of claim 15, wherein the electrodes extend above the first height of the

adhesion layer between 150 and 200 micrometers.

17. The array of claim 15, wherein the electrodes have a total surface area above the

first height of the adhesion layer of at least 0.2 square centimeters.

18. The array of claim 15, wherein the adhesion layer comprises an electrically

conductive hydrogel.
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adhesion layer is attached to the bottom side of the

substrate, and the protrusions pass through the voids
woao@/h2a6st hei ght above the top side of the PCT/US2004/011395

substrate. 16. The array of claim15, wherein the

elred? rigagrapeldng :W@;Meretﬂ’the fdhesion hgerghiptifestatitémovable medical

adhesign Layer "betweeh 150 and 200 micrometers. 17.

The array of claim 15, wherein the el ectrodes have a

total surface area above the first height of the

adhesign | ayer .af | east 0.2 square centineters. 18.
Thegi-rﬁ%&f”&y °€‘f1%f Byhe %Fﬁwilﬂ%ﬁm angsh cplgrasy function of
conpr i sftserdBomite@tri cal ly conductive hydrogel. -19 WO
2005/ 002662 PCT/ US2004/ 011395 yn c fir ~, 1 erein the
adhesi on | ayer conprises a renovabl e nedi cal

adhesi®e ardf of dikith 8, hihePfoniirRin Bt dgi

adhesi on Ia9er changes (‘:3oloc§1‘|%:d asg]g]c?%ar?cti gdt%?lg&ger%?net%?bomm
condi tsidsry thephesiypdaygr pag anfleticallshinsglatifgley¢ralisposed on the
conpr i Shigia RERY e disposed on the bottom

si de ofbt hle ggﬁggﬁggﬁﬁ a?gﬁgﬁﬁﬁgﬁﬁel ectrically

insulating | ayer disposed on the capacitive plate

[ hesi . 22, Th f claj .
20" 29 EekaS oB R Ry s eliar B b osel sbtlen in e

i n t headhesilbrelsyson | ayer. 23. A percutaneous el ectrode
array for delivering therapeutic electrical energy to

a patient, conprising: a substrate having a top side
and a bottomside; and-a plurality of electrodes each
havi,ng alproxi mal._end, a distal end, an axis fromthe
pr o%gn‘%ﬁ’e SIERsoys ElRErade atray fog dgfiverpgithsrapaitigtotechicatryetahdo a
axi s; paibel @npreagh el ectrode attached to the top side

of the substrate, the substrate has a surface area of

great er t harfubsiale hayingdomsifie andearbortemaitly; arive

el ectrodes Navgid of OllttodSYELAREYi t :
square - cenati matltgros. 240. ~An Ce g%‘?%%@éﬁ%irl@%glaid\t}gdr?ie%%%nms

t her apeuti ¢ el ediom thabroainesl gyd todhadiptal énéndnd a length along the axis;

conpri si ng: . él%t Lhg,a.first Sigheaq{??ﬁ
second side hegeﬁg adne {se?%ﬁdﬁggté%hreg Eolg rpsidst ebsélp Y5y the substrate
side and a top sadeswmfatashed greatérhiean 14l Ir Sjuaging@in@fert hiel the

substrate; electrodes have a total surface area of less than 0.2 square

centimeters.

24. An electrode for delivering therapeutic electrical energy to a patient, comprising;
a substrate having a first side and a second side;
an adhesion layer comprising a bottom side and a top side attached to the
first side of the substrate;
a capacitive plate disposed on the bottom side of the adhesion layer; and
an electrically insulating layer disposed on the capacitive plate opposite the

adhesion layer.

25. An electrode for delivering therapeutic electrical energy to a patient, comprising:
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a capacitive plate disposed on the bottom side of the

adhesion layer; and an electrically insulating | ayer
wdieposz@d2on the capacitive plate opposite thePCT/US2004/011395

adhesion layer. 25. An el ectrode for delivering

pherapeyt gagbenthappia Sresigyanda sacdadlsidendnd

conprising., - 20""WO 2005/, 002662, PCT/ US2004/ 011395

S~ 1 (3 ‘:?F’PE?BEW}?E?I%&P?%%?? PSEUSTAE- and a second

side; and a tenperature el enment bonded to the

substrate. 26. A nethod of producing a percutaneous

el ectrode array conprising: mcromachining a master

ol 26, Af m@hRES G RIBRGUSDRNBEESRER RS dedYral) B¥h kiR

si ng SerPEGHERGTITE § PeNBgRIR R CPpRSEEeH Agprods eRDiAYnE &

using se , |

a replica nold Hyqek r i RE efo | ' -

fol  owed by ni ckeT eg%ttdc?%gﬁ%_ste e‘?ﬁdrerlg% ggﬁ]ﬁgigﬁ{ﬁ{ﬁng

]:c,_o:‘te_ni ?g, Ignd Semtqmﬁlg:tqﬁlphﬂqupéMNOdesdmg; for c}ng t he

ilminto . I [ u . m .

array st rieriEateblid ol by HElHRLE BELRy bt BIEMEDyy mokel

renmovi ng t he stomicthemesfer owidt he replica nold. 27. The

met hod of claim26, further comprising: thernmally

processing arra aﬂ%éﬁﬁ&@&?@ﬁﬁﬁ%&%%&ﬁ?@‘&u

struct ur e; foatialg thd i st iitGrepliva AthIE 8divEpre@YRS to Biml dRCurray

structure. 28. The r%eth d of claim 26, wherein the

pol ymeric fil mTompr? pol ymethyl nmethacrylate. 29.

The met hodeddling ki aifag Strudtite biEren/®ORR iheSdtBusPk @Y tHeGeplica mold.

conductive inks onto the structure and heating the

structure to forma conductive coating. 30. The method

of @ﬁ.%gh;%ﬁrodfo%lhﬁﬁ%,%%b&hﬁ%ﬁgmay' ng, dipping or

spin coating an indiumtin oxide precursor onto the

array st rutheonaly piprgssireariaygnatéral tot fous e gribonised syriphieg; and

conduct | Vealiolth g @Rbdalve Bler ohfifle SRLAGH oF claim 26,

further conprising formng a conductive film

conprising indiumtin oxide by evaporation or

2008 Gt RRgRHAFFRRE 3 M 68 pBli o Rl EShbISs potmbut”

methacrylate.

29. The method of claim 26, further comprising spraying conductive inks onto the

structure and heating the structure to form a conductive coating.

30. The method of claim 26, further comprising _
spraying, dipping or spin coating an indium tin oxide precursor onto the
array structure; and

heating the structure to form a conductive film coating.

31. The method of claim 26, further comprising forming a conductive film comprising

indium tin oxide by evaporation or sputtering processes onto the array structure.
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77y, I nl iegcoi t Lod i therapeutic electrical
energy to body tissues in a treatnent n site beneath

woheos@peader m s of a patient, conprising: provPdTug2@m011395
el ectro-therapy apparatus conprising: a signal

e fek-dimethabeffipmdveide tlergpeaititetidal iergyrio bsdodagts in a treatment
signal.s; e%ga(i{l? aefJ r‘sti agd aiiecond 14:)er cut aneous

el ect POISTET s epdnis PIApaERh FEHERS array on a

first portion of the patient's body and positioning

t he second ar.r?y on . a second IE)orti on of the patient's
body suchPPHRITERREePte-Eerapy GORAUBTRITRISRGS ar e

positioned on td@gdal ﬁ@ﬁt&%oﬁﬂﬁmdﬁégfﬁﬁée firsHld k&88nd signals; and

treatnment site is |located between the first and second

arrays; form ng Estamdsegead pereutanegrasieqtiodaemaid fir st

and second,siRflehe G8hrral 3k 23U GLARN |

si gnal th?%ugh tl%e' ef_i rst agngasec%ng ar ?glftsp.g%n?ggbﬁ}}&d
posttioning the second array on a second portion of the patient’s body

such that the first and second arrays are positioned on the tissue of the
patient, and the treatment site is located between the first and second
arrays;

forming a therapeutic signal from said first and second signals; and

introducing the therapeutic signal through the first and second arrays.
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