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A conventional electrode is assembled by inserting a sharpened shaft into an axial hole in
20  aforward face of a cylindrical body, crimping the body to retain the shaft, threading a filament
through a second axial hole in a rearward face of the body and into an open portion of the body,
tying a knot in the filament, and pulling the knot into the open portion of the body. Electronic
weapons may benefit from an electrode that costs less to manufacture, reduces labor required to
couple the electrode to the filament, and reduces damage to the filament during assembly.
25
BRIEF DESCRIPTION OF THE DRAWING

Embodiments of the present invention are described with reference to the drawing,
wherein like designations denote like elements, and:
FIG. 1A is a functional block diagram of an electronic weapon according to various
30  aspects of the present invention;
FIG. 1B is a functional block diagram of an electrode of the electronic weapon of
FIG. 1A;
FIG. 1C is a diagram illustrating placement of structures of electrode 160 of FIG. 1B with

respect to target tissue;



WO 2011/ 011635PCT/ US2010/ 042962 FIG 1D is a schematic diagram of current
paths illustrated in FIG 1C; FIG 2A is side plan view of an

i npl enentwiDi2on/aie3she el ectroni c weapon of FIGs. | A andPCB/US2010/042962 FI G
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el ectrode of FIG 5 after providing current; FIG 9 is a side view of a
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dart or a probe, toward a target to position the electrode in or near target tissue. A respective
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filament (e.g., wire with or without insulation) extends from the electronic weapon to each
electrode at the target. One or more electrodes may form a circuit through a target. The circuit
conducts the stimulus signal. The circuit may include a return path as discussed above. The
25  electronic weapon provides a stimulus signal (e.g., current, pulses of current) through, inter alia,
the filament, the electrode, and the target to interfere with locomotion by the target. Interference
includes causing involuntary contraction of skeletal muscles to halt voluntary locomotion by the
target and/or causing pain to the target to motivate the target to voluntarily stop moving.
An electronic weapon, according to various aspects of the present invention, may include
30  alaunch device and one or more field replaceable deployment units. Each deployment unit may
include expendable (e.g., single use) components (e.g., tether wires, electrodes, propellant).
Herein, the tether is interchangeably called a wire, a tether wire, and a filament. A wire-tethered
electrode is an assembly of a filament and an electrode at least mechanically coupled to one end

of the filament. The other end of the filament is at least mechanically coupled to the deployment
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unit and/or the | aunch device (e.g., one end fixed within the depl oynent
unit), generally until the deploynent unit is renoved fromthe el ectronic
weapon. Asodnsiussed bel ow, nechani cal coupling may faciPCirtust@oskme2ri cal
coupling of the launch device and the target prior to and/or during
operati t 0 I L
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Fi1 amerpuplingmay frti? sleePisaleecunfine el Padmerh devie 19 BFEREC PHRL a(néﬁ

ext endgy, kg bﬂé&lﬁﬁ@n SthELEBESIic depsit ance from the launch device to the
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that use wi rrelauetthdavect ce“laa@‘ﬂerca’des ,weapenfadiehys tivlevstono usreasthectislatrodhef
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may be &t up Tor area Used by mlitary operations.
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devi ce and ShockwaveTM area _denial unit marketed by TASER I nternational,
| nc. mVespt ifpAitiop eiiciuge hapstheldedericehappaanifingd tq)l?uﬂ(dwgsmrégléﬁkes,u amgsRofon by
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aspect sfftder thekpresedit ofi anueset.i Apparpuolikele® taildags of echiclaumapbagsddowar d a
target. The int [(I nsi c masdg of an el ectrode gncl udes a rﬁass that is
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tanget 4.0fag e[&%d&fto L0 i Qfeltd. Oflgnd-AehdidegoR rﬂ?ﬁl% fehap fdrswrsehitigpt to
deploy (e.g., pull, uncoil, unravel, draw) a fillanent froma 25wire store.
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device and the el ectrode deSI tioned at a target. The mass of an el ectrode
€

i s genaerlndgipe thesanvansioasldeploymensenitserithodeplaimant uniffplpying eleaiivdet & a tar get .
In Bnedlsrwgsggﬁ Iteﬁitl on, the mass of 30an electrode is in the range of 2.0 to
8 ans, pr et er abl y about 2.8 grans. An el ectrode provides a

s ur f ac e ar ea\d @ectroglecic¢omignggtopradiped dspags bbihe @rdsentin adgibon t previdbes taader anay
froma | aunch device and toward a target. Myvenent of the el ectrode away
from t AEching dpw ey targes. sThe infringig rwsaé A EigeiarAcdnelpdes adﬁaSSr%ﬂ%Mﬁ@éntfter ce
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2011/ Olﬂ;BG&I@@'EthSﬂ&lﬁH Wf296# teeddy Gde. pull, fuhcghtuntaseladchva atfdmgedt. from a
25  wire store. The mass of the electrode is sufficient to deploy a filament behind the electrode
while the electrode flies toward a target. The mass of the electrode deploys the filament from the
wire store and behind the electrode in such a manner that the filament spans a distance between
the launch device and the electrode positioned at a target. The mass of an electrode is generally
insufficient to cause serious blunt impact trauma to a target. In one implementation, the mass of
30  an electrode is in the range of 2.0 to 3.0 grams, preferably about 2.8 grams.
An electrode provides a surface area for receiving a propelling force to propel the
electrode away from a launch device and toward a target. Movement of the electrode away from

the launch device is limited by aerodynamic drag and resistance force (e.g., tension in the

filament) that resists deploying a filament from a wire store and pulling the filament behind the
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A forward portion of an electrode may be oriented toward a target prior to
| aunch. Upon | aunch and/or during flight fromthe | aunch device toward the
target, two20ovonss3d portion of the el ectrode orients towraraseée/osmsyet. An
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35 feetboﬂyﬁrmyaedea\wmhstdmmlgralltaftbe prapgléhg fohve.el ectrode may rotate in-flight
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tanget .indpdd af s@ﬁ&ﬁ‘ual@@ BhE! 058, MR RRehat, Rl didcnCar R I?ositfbn@d b4 get.
Mechani cal coupling i nc?udes penétrating target tissue or clothing,

resi st isngstargialy aplifdrivad tube gleghtlyilageringliansttot thamge elestradni Agropellowfiossst wi t h

a target surf alr clothin I D and/ or resisting
Femovalt® £r bipian-bitgia LR e Batrsprnaghoih s Mo dhp PR LS HER of g,
| odgi ngearpoeidnd thIPSERINMBe clefttRIBIS bitel BB CiccEbddut tRAGBE dhd of AXHMBE
gluing. An el ectrode, according to various 30aspects of the present

i nvent itoWardegrgencl ude structure (e.g., hook, barb, spear, glue anpoule)

f OQOWECham %l élXctfo%léQIlléh?c%s akéfi e;gel Aty %gﬁcé Qreg‘ gr% ﬁ)%&n?d%[cﬁl%ﬂ%ﬁgu?ta{)ﬁr
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on an QU&L&ﬁcy&hﬂcfeﬁOﬁy(bff thee etlam@ﬁé acrboks @m@anfmﬂomﬁ algedfor axhnqile,cabb@tdﬁ to
i ncl udes a spear oi nted shaft, dart point) faor penetrating target
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launch, flight to, and impact with a target.

25 On impact, an electrode may mechanically couple to a target. Mechanical coupling
includes penetrating target tissue or clothing, resisting removal from target tissue or clothing,
remaining in contact with a target surface (e.g., tissue, hair, clothing, armor), and/or resisting
removal from the target surface. Coupling may be accomplished by piercing, lodging, hooking,
grasping, entangling, encircling, adhering, and/or gluing. An electrode, according to various

30  aspects of the present invention, may include structure (e.g., hook, barb, spear, glue ampoule) for
mechanically coupling the electrode to a target. A structure for coupling may penetrate a
protective barrier (e.g., clothing, hair, armor) on an outer surface of a target. In one
implementation, an electrode includes a spear (e.g., pointed shaft, dart point) for penetrating

target clothing and/or tissue. A spear extends from the forward portion of the electrode for
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mechani cally coupling to a target. The spear may include a barb for
increasing the strength of the nechanical coupling of the electrode to the
target. WwoO2011An1E5ectrode i s mechanically coupl ed to aPCirluse®ni41962 depl oy
the filanent froma wire store and to extend the filanment fromthe | aunch
devi ce n n a
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the el ectrode). Mechanical coupling includes coupling a filament an a
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af fi xi r1QV. e f he
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region or vol of t ti ssue ass ted wi.th the. el ctr ) a
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tissue. For exanple, a placement of an electrode with respect to a target

t hat réﬂﬂh@gt@ﬁwan@aprof air between the electrode and the target does not

el 95t r 7 cal | o LOURl ity BLeSEatS d ppol ALSRhNLIL: LANFERILAN Blohl &1 1

‘onrzat ron us sl
| ncl udesuplaig deaasitly nﬁulmdealalryglolaof adlaink ve taygduugine\a@idcm Wih the clatnodé 25, 000
volts for one or nore gaps having a total distance_of about one inch)

After (B2t RAFSPREHICABEIPBAOT crplbelartErdervofd Peiigdhansons edretiofe i ysgde (ﬁ:ﬁSP@dn& ® the
target v‘éﬂbﬁseash&ﬁs St &Q‘H%é:!ént%@%n Q% fore &Pchtﬁr‘é%]SP&le ‘éféF(r&[ét ac@&qﬁfi)gh vol tage

to naintain 160nlzati o ctro or use wth a deploynent unit and/or
an el eddwariucrenedspeity inabe orgiloma tobumaNDrAPdrdd @Wﬁﬁ@doﬁﬁﬂéﬁw/ 042962 vari ous
S dlscussed he eln
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establ i acircuit wththe target to provide a stinulus signal rough

t he t arg#t the filament, the electrode, and target tissue. For example, a placement of an electrode with
respect to a target that results in a gap of air between the electrode and the target does not
electrically couple the electrode to the target until ionization of the air in the gap. Ionization may

30  be accomplished by a stimulus signal that includes, at least initially, a relatively high voltage
(e.g., about 25,000 volts for one or more gaps having a total distance of about one inch). After
initial ionization, the electrode remains electrically coupled to the target while the stimulus

signal supplies sufficient current and/or voltage to maintain ionization.

An electrode for use with a deployment unit and/or an electronic weapon, according to
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5El ectroni ¢ weapon 100 of FIG 1 includes |aunch device 110 and depl oynent
unit 130. Launch device 110 includes user controls 112, processing circuit
114, powewo=0ppl1y63:16, and signal generator 118. |n onePCEaiSenwOI262 ONn,

| aunch device 110 is packaged in a housing. The housing may include a
nechanivGibu el SEHE pEAndMNAHEAGEA Ahe e IERIDHTRRLUMA hore ORUPRL B0
electronic circuits, processor pragranm ng, propulsion, and nechanica

t echnolaagioésleamydebe 41 0SB e 288 pt00amddi (H8ws $&ds.Hel gind.4 - 10 may Be si@chedont r ol
is operated by a user to initiate an operation of the weapgn. User controls
112 may™4™ SRR 10 K PVt ta%ﬁséwa%@érﬁﬂya Eirgiaenith iaregsloPro Bt p oG Ui 5153k
packagegl.aepaealgby fromlaunch device 110, any conventional wred or

wi rel ess communi Cati on technol ogy may be used to link user controls 112

wi t B procesdilemgronicrweenpon 100 of FBA Ipnolwdsslamgrhalevsailil 0 endtdembgmerdmiti 30not

all of .the functiqgns qf an el ectroni.g weapon. A pr Ssing circui y

"ni ¢ 1 ateugen ditrert PrngraddrEreruoB e Fousene supBhol b aore serabel Scat Tol . A
processidngl Einefkrt] 18BYn 6A&NMniREmaRa@RE 1ANEIPAedEe Pl Sk Phddag8®ieS BdRIngt The
provide a stinmulus signal. For exanple, processing circuit 114 receives a

si gnal hbpging oxgindedn 3 weehanical ansileciri¢ah gnterdane foprdenloapens inith&onepionalt o
| h . i st il ' . P ing.circuit 20114
aunch ai§ 1%%§r2ﬁ9sgp9o%97s8ﬁ§%§%§1 in It%#éﬁ%lﬁfma%r?i{}%éi%ﬁ{c%%&ﬂolib%geg'qﬁ%ﬂﬁé

provi des a launc gna 0 1n nch of

ongQor wEt &cepresidiedaesd hBreacessing circuit 114 nay provide a signal to
signal generator 118 to provide the stinulus signal to the |aunched
el ect rodes. “PPEEEHTHds erered by 3 yaeripnifigie pp geeratibohBatieapry). User controls

m cr opriqg heldida Wﬁg@%%& bg éigéﬂ S Sk f@ﬁﬂ'o‘?snlslzéa% Eackag&?s%?ﬁx%{%ﬁy

programm ng) stored power supp provi des energy to operate
an el edtanouacingaan! 1@nanyt conpetidndewaed bi witkless cingnanicatfeartedmahyly enaypmner
supply 11 rovi des ener (e.g., current, | ses of current) to signal
generaﬂEW?Tﬁgl‘EC%Q%ngéqﬁ‘@ﬁ}%ﬁFﬁ§H§F5H%¥legomer supply 116 may further

prqyi de powe( proeRRERlcRit BHAFSRS ﬁiaﬂg ifGlot GHoF thhldn@idds UB ST el@&fﬁn"i&lvéap%%?- For
hand hel d el ectroni ¢ weapons, a power supply generally includes a battery.

30A si gnatocgemercatcoit npryovitidesa lausthi aheng or gioghelbctfagles thsponsereyto almsenaphtral.

target., A signal .generator t ransfor.m ener rovi ded. . pgwer. supply
o brovh Bisce BRiHRRn S i G REDL G P AR haPlie PRy el i tiei

i oni zi Gy ¥QdrhPESHro&RAN Y eirélet iWeyeiy@slatsa?m foRR@L chfrfol PUISIAdRAtI SNt |
current pulse repetition rate) to interfere with target |oconmotion. A

si gnal ogentpmpbtheayeapent foclapnap apclgsirede argdl provide arpiptulyspigiabyvPigeessiig csiehiful us
sigpal LaraNgRS! hsu&c%.fs%?a} P8 A RelsRRA e 19 At EhARIRIEIERARSY 042562
above. For exanpl e, signal gener r provides a conventional stinmulus
si gnal e(eetrgdes. Ploq@udinesiratt 1 Slaaanphovrizahigial fesigapableeatof 1 1800ipzdvide thier
each pul se delivering after ionization about. 80 m crocoul onbs to a hunan

t ar get SHEW WgiE! iortpe liapehed ctecyodesaiRregespipgrizatit b may ingBglae caBeenéiRAY) t o

o 2o MEBpE QAP ik g ek SBT3
filamemeneyored in wire store 140 via stinmulus interface 150.
25 A power supply provides energy to operate an electronic weapon and to provide a
stimulus signal. For example, power supply 116 provides energy (e.g., current, pulses of
current) to signal generator 118 to provide a stimulus signal. Power supply 116 may further
provide power to operate processing circuit 114 and user controls 112. For hand held electronic
weapons, a power supply generally includes a battery.
30 A signal generator provides a stimulus signal for delivery through a target. A signal
generator may transform energy provided by a power supply to provide a stimulus signal having
suitable characteristics (e.g., ionizing voltage, charge delivery voltage, charge per pulse of

current, current pulse repetition rate) to interfere with target locomotion. A signal generator

electrically couples to a filament to provide the stimulus signal through the target as discussed
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A depl oynent unit (e.g., cartridge, nmagazine) receives a |launch signal from
a launch device to initiate a |launch of one or nore el ectrodes and a

stimul us Wognalot@sdel i ver through a target. A spent depCoyuseomw/owys: nay be
repl aced with an unused depl oynent unit after some or 10 all el ectrodes of
the sp i Y, tiunit may
R S i

| aunchedlseApdeptayresth ptumetcapmﬂ{e ofeomzug o, @il Rl derdehiverin gafree ordenioa abbw

performthe functions depl oynent unit via an interface. For ex | e,
depl oy apicsPHomss (o ﬁgwaa%gargﬁx@awg ABIBPRARPES (echye{tey fppizatipn)pof RakHty
15cart rohﬁﬂfto]é«?ctrodé@MZ NdeprStheRt @Rel 3anh tﬂe‘ﬂﬂes&@ﬁv@ﬁlaﬁﬁhﬁs (ELeHiFREL SokA 2,
and wire store 140. A wre stfore stores a filament for each eI ectrode. Each
filanme dﬂoheﬁgaailgcaérhbpr ¢ b pledstii@llzcoeplet to Didments sthiratunsziedstateold®. viEach
fil arren% n‘ﬂ% {e},c ilsi)al |y couple to an el ectrode as di scussed herein.
Processl' iipt 4 initiates activation of propellant 144 for a
sel ected carg ﬂéﬂ@ﬁn&it%nit%@cbaﬁﬁc@@aﬂnaéé e) el h difncH ¢dnAIRRL L SaROR OF

ac

nore el ectrodes 142 toward a target h 20el ectrode is coupled to a
r espectdeviee £¢ inginsha laupcknplr @egrtr@we gleotrodes agd e hitipbjsetanpl @ deliverghtop@aed t he

209 R SE RN SRR - BASPEFUANP L LIS i A B

vi agst Iamdldtﬁod@tﬁtﬁ@q%nﬂ@@l@m&n& ogit ha\beaj&ﬁu@nemmpl&duﬁ@e@ﬂngyrﬁdﬁslnﬂt%y An
el ectrode, according to various aspects of the present invention, nma

per f or PEGABPlET toz@ﬁr&ﬁu@da)fie\thr‘etOfe@pblsmﬁlgowﬁ&crre%s tp fhe dnpcheshion darl Pﬂﬁeg’t
bi ndi F‘gllnh*}ﬁaj et auEa nap%mea 1%111%({& 10 ﬁ&%&)’{h@%ﬁéﬁ%ﬁ bt a’:‘&aﬁé m&ftgﬁﬁ'vﬁg

mat er i or "tissue e target, gin mteria

t ar get anfimerfséeng an el ectric fi el d pr| or to ionization or V\:hl | e conducti ng

a stinmulus rrent rmng an i zed path for a stinul current across

one or nore%glﬁjféﬁ’éam%{ﬁ egﬁyg%&‘ar Pyt mwrﬂﬂlé%m@eﬁmrﬁ C%Uflﬂiéeﬁﬁ?%eéé“t %:a‘éhregl on

Of 1t5ar g:ﬁlttn&gesﬁie Mn@fud @bél[ﬁ%t ody, toﬁé 8fhotd 884RdeSPUD LXK 180 Ct r 0de
0 of FIGT1B nay be used as an inplenentation of electrode 142 discussed

above A virestosh stares arfilih@it foBeach lelestrodd. ebqatfiaményt mﬂtth@mcailyrcrosptes t@an

conduct d throu a for |on| ation, | ati on al so
o o b RS O%, T o r o RRA bR of Rsthodi Hhicfbefor
cur r enthefdi@Wlogés sﬁ'gc’tﬁﬂcﬁiy 104 uﬁlﬁfz&&f AdBl hidh of@#éﬁe@l@ht of4 BPY s&@cﬁé’cﬁéﬁrtrﬁl@@ lyia
polarity or polarities may flow in one or nore directions on any of the

| i nes d#gh signgd 1@@1&@11611@31511“@’@@182@&@@@%zle&trowrh@a@w%dr?etgrgea Faohr ode
1690' NGludes. R Q%u@%d ) 1%: géct N %ﬂ’z{n?&h  16ik hf&e Adqu?Q%Hg)?& e A t&x@%nt
621 h y M"Y Ctro

ne or nore S ruc ani caI cou

n’at eri ahe (abgeg. eachél@&tl’rUdagi)epI@Ws itk Eﬁfsplﬁ:tlaé fil drgerlt tgfdm Wiedgerei1A0s lSCgmaI’rB.t eri aI
or tissue, focus an_electric field, and forman ionized path for stimulu

cur r ent2ENGAQT SR PISVidedhe inyubes tignsd thiﬁ%ht the fareed oipsstiaprlay @&rﬁa% 159 étIlCch%f orm
an i oniggsd. pat b, fl&irto%gécwhégsl@ur rent, and spread a current density with

respect to a region of target tissue and/or a volune of target tissue.
SoI eI y for Wnerwncaponmg toevadescasppdts ofithb @rawnt istantioh unes pdrédm: orkG3,
Iur |n SONe i | enent ati ons, are he. sij %;I ar as

refer in
%rFP tedpiovigg funrbions i AW copbifationg burd %?éanie@éw A§lespPEadi ng

St r UCt l&%ﬁlo}ﬁ% thé“ﬁf&hﬂa@l{ Dekrs&h %Tté%fa?of‘@s%uér&tstﬁe ta'iQéPl% G ﬁfdfefrﬁP&Stlssﬁ)é ofoei ng
attached to a fil for” 10bei ng propel and %or depl oyi ng the

fil amenhe tacges fbeusg@ta,n et Geldgsied ttalbovetlolomnwletﬂﬂ ¢apdadting a stimulus current,

forming an ionized path for a stimulus current across one or more gaps, and spreading a current
density with respect to a region of target tissue and/or a volume of target tissue.

30 For example, electrode 160 of FIG. 1B may be used as an implementation of electrode
142 discussed above. Lines shown on FIG. 1B illustrate paths by which current is conducted
through a target 164 (e.g., for ionization, for stimulation also called charge delivery). Arrows on
these lines show a single polarity for current flow for clarity of description. Current of any

conventional polarity or polarities may flow in one or more directions on any of the lines shown
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mass, shape, and surfaces may be enpl oyed. For exanple, a binding structure
may have a substantially cylindrical mass, an interior with surfaces that
grip a fiwerentoli@sd external surfaces with suitabl e aerotjusanioo4Psnperti es
for efficient propul si on and accurate flight to a target. A binding

struct ! i i I (s)
Conventt ot oS HieyBl; 0P HCRLEY oRforkBE siheler 1B WAPEIAGTREARLE |2
Focusi rfgammi orcbes more atrucrtgree Ilét that methamlichllfy Icoxpld @rsdlégrodAtsimnteciblifes. f or

f ocusi n ener ally includes a conductive surface havin rela veI srral I
radi us © a} eltsgiceatdhe, @gect ladserin sugh wpgrightidissye ?%cuﬁ ﬁg P@&%él%% aeﬁ

surfaceg 1&32691 patPRIrRfiSwldsicBfentC FLShe SHANLLEhctuRs 365 Uk HcGs ALt @e lﬁ%kpg may
be formed of conductl ve material. 20A nmechani cal coupling structure has a

shape doain abicmifedpathhier sevhlan cmmntwdppretag aetrbigdichgtyngith mpp@lmcna exi@asoinel |

as shape d mat eri al aple f oni zed ath c n

o O oA I e vt bt ash s SOl D e SO S o e A er fraf Afonay
coupl i RgusthfedabyL @69&}{0&@%@1 meboel iMPlemddkdiiths, b fedGfed(t6 i@the siluddrlayel y
| arge adhering surface) for colliding with material and/or tissue at the

t ar get bindiemstpicareilhl wamlédg:longhrw drugged] 1§ and spiptding strucpge dedhani caI
coupl 1 ng. SUTAGHHES TRKGAAKE (il Shabd 161 KOs Al it io, §0ANS,
tips suf fi ci‘'ent erce rmateri a Trssle a A :

eveot theale propdlled (ﬁndtfhﬁddpkﬁyh@g'ltheaiﬂarﬁau% h Rge&t zIsLtﬁiduEﬁdlabotféleC@fﬂeMtl@rﬁmdUCt or
wi thin range of target tissue : |imted stinmulus signal voltage for
i oni zatMasp)sharg,apd alrfq%s Bay bﬁémﬁ@c}ﬁan%raﬁxawéﬁp PibHliRg HctUe a8V ad

cond uc%hﬁ@arﬁ’ﬁh? }&Yltl ericcgf:fﬂﬁ eLﬁﬁﬁJﬂo‘f lefhesJ#gfgzésl{ffatfggllp d fﬂ?fn%ﬂtt laxgcpeyggrn At CE'T st O

target tissue. he pol nt, or
coupl i ngthsduitablt me@dym@m]b@rmmhscfbr aficicot plepelsme ahd amutdte fliightt sove rirgeit hA

sti mul ys gnal (e. rent in any pol a to pass thr h tar
t] ssue% fﬁi%@tm%e%lg‘ﬁv ruasgﬂﬂt@hay an§13h%’£'r18 Hating “B%taﬂ%lé% &aﬁve@ﬁloa t he

meqhanigall arpbiadg ﬁ%hk‘&tidﬁ&@chnﬁlo%%% hiRegur face of the mechani cal
coupling structure nmay be |l ocated for focusing to ionize air in a gap to

target ti ssd@camy mcludocesitmg dlertiiofitlddluai denslty aA apcttu@ fanmcheng ganepalyent

o £ e a2 RS 0% e e Ry 7 s Rl B0 & o ST gt e

anot herdeg@RAY &ictas@f ot H@ved ﬁﬁ’fa"c@éjﬁ ﬁ«;oﬁﬁﬁ@hﬁ;@l&gks GOHRI) NG Gluttied fre may
rely on the binding structure to o% t he mechani cal coupling structure in

f| xed fetuatnggnay b We‘é)f)f@qiﬂéuﬁi‘{eaﬁ%tﬁlﬂal the spreading structure, and target
gue- A ”EACF%%a%%alg n&g(ﬁ[ﬁlrelﬁ%tsg %%yutalﬂg ko%qﬁe gl@cﬂa’ﬁfc"é (%u 1né Gicthod
ng ome or

re al ner sSportion gri stru ure,

al | of belg ipipesneantdgl aarwbl] &(ighplgarﬁitrﬁmeﬁlalrs&ﬁéble Conyeiihg tomadedpatialanior m ng,

shar peni ng, coatlng@ adhesi ve di spensi ng, .and adhesi gn technaol ogi es_nay be
IS

used. conducting siimuligistegalqurigat (Waenadisrioniis wed toiausling r%ﬁ?éame%lr%@hrtgo
i niti ats LQry ?;{he% a%ﬁ.u@ag%mégag%gi@ r I?é}gt}l%gye Pgled%%f{ surfiRe S} B

si gnal roug arget tissue aC| tat| ng *orma on
and usewlth‘ matedalr andrfitr tigatehut fhertaget. nwhes perqgmaindlod giep tird used datidoupling, o (i n

a Il el urrent path hrou hani cal co |ing._struc
s e e Re iy o s e R et e PR oy

- educe Pxcl BELHGnIoPkulaticdgast U didakntl chioLhee \Pﬂe%ﬁarﬁ@aq Wbugnot he

tip of a mechanical coupling structure. A spreading structure nmay have any

shape ktuogtnreiin tltetmﬂjaccnndﬂlohor svptﬂléa@ngmofaarg@t esste (cgf hmitdd tst&m@lug bigoal valteggi on
or vol

di scha&gfgipé{%?%mi s glttl%sﬁjggﬁf}(mgﬁgﬁ J<R co&%Blgg 0l Zz re ’hﬁ\s a conc{ucfing pomg1 to focus

electric field flux for ionization of a path to target tissue. At least the point, or most, or all of the
30  mechanical coupling structure may be conductive to receive from the filament the stimulus
signal (e.g., current in any polarity) to pass through target tissue. Receiving the stimulus signal
is herein called activation of the mechanical coupling structure. A conductive surface of the
mechanical coupling structure may be located for focusing to ionize air in a gap to target tissue

and/or focusing to ionize air in a gap to another component of an electrode. Such gaps may be
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spreadi ng structure includes conductive material and may further include
insulative material, for exanple, to inhibit ionization fromundesired
sur f aces wodborolhesat i ons of the spreading structure. APSprusSaaiong29s: r uct ure
may pierce (e.g., enbed, |odge, inpale) target tissue. Conventional netal
and Pl askil & whAl Ml MkenZNBNREANG: « ABMEARELEANE! SRS BRIRE R 204
structure 1Tnvolved In formng am 1onization pat y include nmaterials

sui t abletectrode. eX pech eical rgupléelgativeeiy mhy gty be tpasiading esucthile toheld the

i npl enent ati.on, wear of a structure involved in_formng one or nore

i oni zathss alﬁa%riﬁeul?lglgf%wﬁum Qtfgifdfrﬁlﬁtl%for?élﬁiogéhee@]ia@é%E‘eogP“iSlglé‘géHHCtPE‘?cor di ng
extent ,qf tdte& tRfued §leBRLHi QM @@up‘ﬁ%@ ls@yerept mdinkiud@ a4 /n%la?dr%.g I ARkiqingeapon
with a particular target. In various iInplenentations according to FIG 1B,
st r Gct poaoniGipped bgthetandibe s@&itup! oting df worné ocdhiube pleecinmtuet lodpmgand/ or
nonconduct.i ve n@t erial s usi n? convepti onal manpuf agturi ng technol %idﬁ:s.
(e.g., SCHEPISRY, CHRERTANh g et o sighaBe R g1 & %%}Vﬁﬁspaaﬂa%’iaﬂé, eston
assenbliédhglogies AR§dRAisE® support conductivity for the desired one or nore
paths 165. Current paths shown schematically on FIG 1B adjacent to a gap
may be subsuwtiicidingstrugtire pecompdishesdacusing anddogaipe tEmitiag empadionpad h 171 in

ons " BLTEALAK! AR LIRS0, GRISHELEY phlRs oS ARG e, 0

pornbi odadifitafifé Gathatign sid wetofheudbdt JagChl emats apanl cur@ng@amddfdn tByinanal ogy,
paths 173 and 178 may correspond to portions of binding structure 161;

pat hs Prepllghyith)zscyrgnt pyp trepghty meshasisal Fepding ptrygbiga mpEedingdngrdssg

struct 162: : d i r get
t1 saue orisiian a3oRe Rhuor e sy KR IR I AR RO RAEhB R o8 8
WO 201 btlid 68 SR /atUs2aip0sfdda&tanicalploa pimg echcase.aApprdadimg sofictapr maghang
structure 163 that ,ahuts target tissue. Pat 75 y represent a joint or
abut t i iy SARCABPWBAR Hicen! br FRgiF%fbn%?ri clesie le[ﬁst roRgHo g}ﬁﬁ@awoleawigng

StnyCt UhRnA82radRAsM, ibRBBNGAE HERRARN afRrd | PAE LI éiﬂrl@ghagﬁl%hiﬁﬁéﬁ%ls).c&um ing
structure 162 that abuts or inpales target tissue 164. 5B6th mechani cal

coupl i ngresdingstrusterelisdudasdonguatiadinmersd pud ay éurlles invhydeg oyl e niadergpat for

ti t ed .by. ths 180. d 170. Pat 80 170
ool s R b R S R RS AR RE oS B e bRl ent 1
di vi desthetme e spaidisg #8Rua8ehal {ferce (e.g., envtide afligROntphlel Gdridt@isdfe3 may have

the capability to abut target tissue wthout the capability to pierce
and/ or Gasggetigngl matabend plpsiics éormaukbapepre Aai gatstertedinglagics@Bahksusee
capgbility to_pierce r ' . ical coupl i I 1C 21is
pr 2? erably &g gcgllerg?%\;r?gv/egﬁﬁ 5&@1% g%lotrlg%%ggf%%gé%ﬁ%eﬂ%l hfgﬁ“éﬁe.h%% Sgﬂébg%%pgct ive

porti orxpdrieieidhashtadly aRhpipgasidsudh bh€ingdmemati@ar, gehr bf Sstienlre ivotiegt h
greater than a conductive portion of spreading structure 163. Either one or
bot h ofil FRIEHEHPREAT TBYE pPiFRfiostPatie iititasiliaed Eygadsriaayidgncsof yes Yrdgeqa@dingay
15be n tqLd t . i : i may
o sut TS e PR pekBEAR: aliSiHen AR oy kAR o b Oy P08 G
172 may si mihvan@slsiplencmndioat asbording wsFi€ur BestructiSts nbull ubo3cmny bat

Cogg eqLfr%g{eln}éngeidvvivi%egon%%}:t\ll\\lfeeenr{atggglQzsmci%r? no%lrcl:gncilu7ct21've materials using conventional
manufacturing technologies (e.g., casting, machining, crimping, staking, fastening, adhering,
assembling) as needed to support conductivity for the desired one or more paths 165. Current
paths shown schematically on FIG. 1B adjacent to a gap may be subsumed in structures adjacent
to the gap. For example, path 171 in one implementation is implemented as a conductor that

30  extends toward gap 183; yet in another implementation, path 171 corresponds to a conductive
portion of spreading structure 163 located adjacent to gap 183. By analogy, paths 173 and 178
may correspond to portions of binding structure 161; paths 174 and 176 may correspond to

portions of mechanical coupling structure 162; and paths 172, 177, and 179 may represent

portions of target tissue proximate to gaps 183, 182 and 181 respectively. Path 170 may be
9



When nore than one path of paths 165 is forned, stinulus current divides
anong the fornmed paths (an inclusive OR of the paths 165). Due to changes
in the erwOnonwmami3sof the 20 el ectrode (e.g., novenent @CTiUse018l0¢2962 ode
and/or the target with respect to the other), changi ng signal generator

t put , | [RVIW S f t
out DL A SRS RO W Rl (pp o) mafre o0

seri es rgireqeut s @antafr abttting coistactbetveden )binding structure 1GApndlB8clpméfabeaiplivigi S
| ocat ed bet wee | ectrode 160 and target 164. In anot her 25i nple tation,
gap 188U St Y EIESDPHE SRR TP e ES R BB NEH I 162 U | ous

aspect $pefs of NBpAELARAL tidsA¥§p4 1 on may have one or nore binding structures
161 (e.g., nore than one filanent for redundancy, one for each of several

sti frul us si divalh slechamal opuphing strneuialbleall speadhg sguaereuod mayscohBRt asgey. |
i ncreased | odgin abi l.ity w ecrea d h of .piercing tissue),
and! or oW BrehioratagpaiingOder dafapagt TSP e s Biufhiio iy ady

st ruct urgsiECaRBAL I StdhllYs @feanN@fdefleatdividi® bstleh pafhs 986 aSPEAY., one or
nore spreadi ng structures for each of several nechanical coupling

st ruct ur es) .Spreading stiycigpelt manhaetthe erpabity waatiyt Hrga)sisimeevithousiewn, a
vol t age_VA.}.S .1 mores I ’ rator 118 across a filanment 166 and a
return p @ﬁhtié&/%ﬁ? a?ﬁﬂ) E)gdr% 6%%%6&%1%%

e retur yube t hrough earth or through a second

el eot rode ( NWhersdpasudin HRACQGOUS3 KB thd eplabilitietolfibice Qusdt@iRtuemp¢cidn@y WO
2011/ 011635PCT/ US2010/ 042962 t hrough target 164 by any one_or nore paths
165. EXEHRIMEJuplifh L0l PrieRblydssichpdanbacaiapeasf forPerabitle of Piogigg acur r ent

flows i : ! g r | Bl : t i ng
to numsP st pEn AR Rl LA o i B TR OB AR BARRE S T,
posi t i eonduedve poriohaf sgnadihg ttwectekd68r ode with respect to the target, and

e U g S oSSR Tothb oSt B T6T S cap
15ks SHpILNEIAGE e S ORI R AR e SRR
gap 183n one or both gaps 182 and 183. Paths 177 and 172 may simultaneously conduct stimulus
current. Stimulus current consequently divides between paths 177 and 172.
When more than one path of paths 165 is formed, stimulus current divides among the
formed paths (an inclusive OR of the paths 165). Due to changes in the environment of the
20  electrode (e.g., movement of the electrode and/or the target with respect to the other), changing
signal generator output voltage V4, changes in the conductivity of target tissue), one or more of
paths 165 may form, decay, and/or reform over time (e.g., during a series of pulses of stimulus
current).
Gap 183 preferably is located between electrode 160 and target 164. In another
25 implementation, gap 183 is located within electrode 160.
An electrode according to various aspects of the present invention may have one or more
binding structures 161 (e.g., more than one filament for redundancy, one for each of several
stimulus signals), one or more mechanical coupling structures 162 (e.g., increased lodging
capability with decreased depth of piercing tissue), and/or one or more spreading structures 163
30  (e.g., plural spreading structures symmetrically arranged around the shaft of one spear, one or
more spreading structures for each of several mechanical coupling structures).
In operation with one of each structure as shown, a voltage V5 is impressed by signal
generator 118 across a filament 166 and a return path 167. The return path may be through earth

or through a second electrode (not shown) analogous to electrode 160. Current may flow
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Voltage VA is initially sufficient to ionize air in gaps 181 and 183 after

whi ch current flows through conductive portions of filanment 166,

spr eadi

ng

struct ur ew0@811/ga35183, binding structure 161, gap 181, pamaiSt@ogerosr i ssue
164 via paths shown schenatically as 171, 173, 178, 179, and 167. Gap 182

Mechanifa], 1?81&’

to target ISS

t'18%32%ﬁ;a

alR4es:

|ng S

SﬁéJ

IC& COU

N E'mehB ggqaglis%@ams”l%sfa% Hi2Gp&AR

truct roximate to

182

spr eadiTaglest. r Wt cercb Bl oharimimoge Gap oddBath bt tagent divides antuntgltm p@th§ uf ficient

to ionize alr

in gaps 182 and 183 aft
conducFeading te PB?%%‘%B? %a‘cmramsmdl%'@e P§
mechanizgalb,ieQuRbd Sans blebigddd Girl §2
shown schematically ﬁ

r

as 171, 174, 176, 1

whi ch current flows throug

prich dingisions gEthgelecigde ﬂgf‘albosam
e @Pthd 8Zocdith thah9Gte &fi RS &@%% @élngsueat hs

77, “and 167. Gap 18 chani cal

coupllmgvatdu@mumﬁhmgzmmoﬁgbsmuﬂ target tissue and spreading structure 163
is located proximate to target tissue formng gap 183. Voltage VA is

initially sufficie

t hrough conductive portions of filameggr 66,

183, nechanical cao

nt toionize air ing

ipling structure 162,

ap 183 after which current flows

and target tissue 164 via paths

spreadi ng structure 163, gap

dotieureltdtie af |

3’1 S %At ne.

shown
2011/ (
Descr i

y as lﬂinmmewnﬂ74 1
D10/ 042962 Uni que Pat
180 and 170 Mechanic

80 and 167. Pati@escription
h of Paths 165 Environnent Path
al coupling structure 162 | odges

e and
e |s require
stinmulus cur
ing structur

target| ¢
vol t ag
cause
spr eagq
Pat hs
i npl erent ati on and
aspect|s of the pre
161 i g conductive.
not conductive; co
not used and may b

5 Bigdidk Rfughireuetiys e 1
d. Arelatively low s

 pioimase 9 iget Hiwagh

3] d et tisfs
165 represent 1%@5@39%9%8118%5 i nten

Baidigf stugase 16r isan e
sent i nvention. As di

PEPXHRYE HetPreaditeement

EBoidpet\s, tsanitielly tifEsiest toMNonikOmk Z|
timulus voltage is sufficient to

cioreant 1§ handobtafisnwhish quiteatifews 1
tg?o&%ﬁ%o%&l%tlgg}p 1|oflIZ Sf ﬁ’igglef][ 617 6

or a par

I @@éaﬁﬁfg@t@em@é th3gap 083 DindIMIS

scussed above, a blndlnq structur
el

attiusire 40 bicarlilRl ad tagetttispee M |

SEQARDULY oA 18T AVl BARDSH B scndibRicatifBs 199479 @

-

structure 162 lodges in
target tissue and spreading
structure 163 is located
proximate to target tissue

forming gap 183.

183. 178, 179, and 167.

Gap 182 Mechanical coupling Voltage V4 is initially sufficient to ionize air
structure 162 lodges in in gaps 182 and 183 after which current flows
target clothing forming gap | through conductive portions of filament 166,
182 to target tissue. spreading structure 163, gap 183, mechanical
Mechanical coupling coupling structure 162, gap 182, and target
structure 162 is proximate to | tissue 164 via paths shown schematically as
spreading structure 163 171,174, 176, 177, and 167.
forming gap 183.

Gap 183 Mechanical coupling Voltage V4 is initially sufficient to ionize air

in gap 183 after which current flows through
conductive portions of filament 166, spreading
structure 163, gap 183, mechanical coupling
structure 162, and target tissue 164 via paths
shown schematically as 171, 172, 174, 180 and
167.
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I n anot her inplenentation, a nmechanical coupling structure 162 incl udes
nonconductive portions (e.g., insulated conductive material, structure nade
from i nsuweronmtiessal ) for acconplishing piercing targeCratsesivai®eand
target tissue and lodging in such materials and/or 10tissue; and includes
CONAUAIE R P bPTTE (& U En AR Al = TotetT Ve Bk R hdid T
acconplishing Tocusing an electric field and form ng an 1oni zed path acrpss
a gap.| Paths 1651 n yet anot her inplenmentatfion, a spreading structure 163 is

not i ntended to oper A p—183-to other structures of electrode
160; qdndudenndy, d\éﬁchfelgalampg;& hs 17\No ionpangveltagsts ipduidechnd refalvale
om tteds9l5in still (pidgL i pept at i ong.y, Ginfdih dRAke KOG BN RS OMisde

current Phrough a T%g%anch?H%%up i ng struct ure %%g %@ Sﬁrecflconngction or
by connection througige tikesiant apeadiggot | sy curengto, flon éroughnanductive

resistiors). The resistanc be used fto |imt, divisi of current through
a mechani cal coupl ﬁ&l%ltrrr‘ﬁé?%&s P2t n [FRAFBPNSAR fﬂﬁp?%lggnspé‘ii‘fi}wmfweough a

spreadi ng structure;l&3. The resistance [@y ReuntmPRligReNEediAMR c0ahing pn
a conductive portipn of a nmechanical 20coupling Structure (e.g., coating| at
| east |{the tip and a forward portion of tH&.shaft of a spear).

El ect rede—160—n—Vvartous—tnpterentat-ons—acecording—to—thepresent
invention, is capable of delivering stimulus current in several different

pl acement s qfaRn 68lr&GtIadS st 60 pARdiRedidd®bd S5 Il §R4 pARRIul PImBleticRiaion
Target tissue includes a relatively | ower resistance portion under the skin
and a rae{l setiofebsp fhi ghelectrasisiaseciding tasaipeisaseastapitthe pigeant imgntiere ki n or

| odgi ng,.i h a,2bsupetficial rtion of the skin, ot hi.ng or .ot her. t.arget

at or 1 160 g BSREblgT PR, s Zondeiif oo B PP Bl TS Bk Pn by
a gap atruafe 1dDapasionGuctivet @nséjdedtly, @ap 8l hhdpaths 17R/1asImnimd Df9 dk@ not\D
2011/ 011635PCT/ US2010/ 042962 nechani cal coupling structure 162 (e.g.,

| odgi ngipehend mavxbeewitied- t arget material, in skin of the target, or under

t he skin of : eadi - i 1 :

pi'er ci ng capney? ey HRlem R RACE D UalphE sBdull fed thothdes hoBlorive

st ruct poeichS2e.goimslated cpetwettivaietdra gatictureSinad: 164 ihmldrmeatadiefoext ent as a
mechani cal cggpling structure 162.(§In anot her g; angenent, e.qg., 5}6. 1C,
a spr e30FHEP OISR 1Ryget matedle gnch iy gt Sntueegd remaesalsiandgr

St YCt YfsGiel B2 inkMdSUhdAR R JRARGRTERE unfilshiSled BASIRTe RlasdialiBEaNI Ccal
coupling structure 162 in other tisSue under the skin of target 164, a

spr eadiangprsplishogdpeusiganndsctag fialidrand fpinaoe aemnizg path foromatgapget skin by a

ap (GAP2 ont ai ni.ng. ai,r and/.or target teri .as _sho or _abuttin
Tk ot the I8 A PR R EmENAGST. ol Riedibs R Gt S R AL 5 o R h 8
10st r ughpn g3 IPSher stRichibECFGREodd [605 iR qd&RlyasH 18 ldpadRfizned 7hyrd e
| ocation of a respective conductive portion of the nechanical coupling

st ruct wsed argbmay bepinéitedi ng structure 163 that is closest to the under-skin
ti y3ue of 1 |1§ HRbEE! imlﬁ‘gr%grg'at? sE Q %ianlierr]l? 168 rrntaly %Pov%e &irflGE El?onul g%aal mgc%%gilchlng

coupling structure 162 by direct connection or by connection through a resistance (not shown)

(e.g., one or more resistors). The resistance may be used to limit division of current through a
mechanical coupling structure 162 in favor of unlimited current through a spreading structure
163. The resistance may be implemented as a coating on a conductive portion of a mechanical

20  coupling structure (e.g., coating at least the tip and a forward portion of the shaft of a spear).

Electrode 160, in various implementations according to the present invention, is capable

of delivering stimulus current in several different placements of an electrode 160 and a human
target 164 wearing clothing. Target tissue includes a relatively lower resistance portion under
the skin and a relatively higher resistance associated with abutting the skin or lodging in a

25  superficial portion of the skin. Clothing or other target materials (e.g.. matted hair) are assumed

to be separated from the skin by a gap of air. Depending, inter alia, on ballistics, placements of
12



structure shown in FIG 1C is conductive material but not connected to
filament 166, after ionizing air in a gap (GAPi) from spreading structure
163 to newbanilgahe3soupl i ng structure 162 15and i oni zi ngPairruszeom4yap ( GAP2)
from spreading structure 163 to target skin, current flows sinultaneously

as | nd'n‘fe%h%ﬂcg%ggélﬂlél d&(ru@éﬁgef féﬁ({ a 196%’%%)8 & RO '11{151?%6‘[ hﬁte?faﬁ lih sRAQE RS

arr angenent contact wt get’ tissue. This
ar r angeargert oi snder therskat cbf(lhle afgefl @spﬂe@dlnlg stinetiird D63 wial htm c@fno(f:@d?amgs not

necessar nd GAPi s.target ssue i nstead of 20Currents
illust rca%aé “Wr‘imlﬁlté\m @C#F‘gﬁt}% OBt ali%l HP R HIUGGIT Zﬁés%%srtﬁd’t:ﬁ?t@ée of

el ectr qhgekRQue 14W QYA G&Intlal § SHehafRhl calinkNRuétaid g2, path 167 flow

according to the schematic diagramof FIG 1D. "After vol tage VA ionizes air
in §aps GAPiln am@h@m,ngﬂumtemg FIG diCsiadesadimg b@utthreolfGhs Skehadjasnstoance Rl
and ot her ti.ssue r1e5| @%eég nd .as 13 throu h ot her. tliﬁs;ue resi tance

R3. Nod®Pyigd sqpplingssiisira el ?IﬁadlgS‘E’F{hc?%‘?réo $22 © H‘SC@“E < part of

spr eadicB@plfifel dGtHES 162 kRS tisMrl 1iRSr thekkih e tdrbetned, £igreddilg GRIFRROSHS fay
represented in FIG 1D may differ over tinme in one placenent of el ectrode

160. | oHpingtplatemedt apagiefromyarges skisulicegarbiodldd gentaiginehar didasraiceonyateialGapi
and/ or h%WnﬁiQ)q aQXttlhgélblg%lf ﬁ{er}gr&lcf’i @%thown Bﬁcérﬁgﬁtgg‘{j Rfe]gﬁé{nﬁcaﬁ coughnﬁ t

An el et OIS i ous "aspec

i nyent lscractufmwzloaursphaaaﬂ@ seleate dese raei defintdby t}wpscaﬂﬂoﬁwases@e&tﬁfeel n wth
reference to electrode 160, where 30one el ectrode serves in the return

path, &8n¢HcsixeBeEign b Hiraneqhanicahconpling staicre | oh PesHiRsiEstRIgnIef CFthasis 2A -
2B is
Fom a haot b EREME. St (BLE SF ol MIEL ARG G% hEHBTIn L el (hRARR. |

devi ce sg0&utehshbwneéc €1 elC ardndypeivanesercih duf nee lcdareedac éddohent ¢ &6 talftiedge 230
ch device 02 houses a power

f d )
?ﬁasi Lég@@éa}rg é&@"zaégﬁfém)ﬂpregf 1pg 6%%?&8 &9 peghanical qoyiphing |SEH‘§PI%11§2
2011%/ Olaill@%élpﬁ}[% %%Oagéa;p&?gﬁg RN SF iR g ﬁﬁmﬂlr§qg§ ﬁﬂqr%%bgla{ﬁ cubRHNGAydevi ce

be 1 nmpl enent as a conventional nodel X26 ectronic control
deV| ce smmlkaelﬁ@@l)bgis imAsERd kenasalhaly savaral doyide aI@awthmﬁsjge 230 i ncl udes t wo

W re-tethered ectrodes 236 and 23 on. o tlon 0 ,

o bor 1 odoe. J8aT R BE S R E e R i e B e Rt sShw B GR onis

di r ect ia@@n&mdnk isth¥ariafion bPPRE. A CBinttA4tISi At of THARMWE hot MZeRhBCIUAEIEB, 236 and
238 fly toward the target, electrodes 236 and 238 depl oy behind them

f| I anenﬁ@udz:szaraﬁdlsmnﬁté%@%&lt vely. Wen el ectrodes 236 and 238 are

t i oned g%@gtsgﬁgsrt aEeQie t ggé frofaﬂ é@ﬁ%ﬂ% ?662 t%%ou%ﬂ%aﬁgﬁs?%E&?g e?emrode

car ridge 2 trodes respec gener a

provi des0athsdughidrigst t(Bk@NEd4, id g @bruinhgatie il 6T flody afc@o“rdﬁqg t@yhefslchaﬁﬁmngﬁm
el ect rode 236, target tissue, electrode 238, and filanment 234. El ectrodes

236 and! FH23H) ndERRrelER Ma ighieRiB Y $aPs SIAR a0d G perant Lisdivides athe t ar get
as di 5%%%1&1‘?' sl&}??é/s?stance R; and other tissue resistance R, and as I5 through other tissue resistance

R3. Node P is part of mechanical coupling structure 162. Node S is part of spreading structure
25  163. Values for the lumped circuit components represented in FIG. 1D may differ over time in
one placement of electrode 160. Ionization voltage may be reduced by reducing the dimensions
of GAP; and/or GAP,, and by introducing target tissue instead of air in GAP;.
An electronic weapon 100, according to various aspects of the present invention, may
launch two electrodes each of the type discussed herein with reference to electrode 160, where
30 one electrode serves in the return path, as discussed above. For example, electronic weapon 200
of FIGs. 2A - 2B is shown immediately after a user initiated launch of two electrodes from a
deployment unit. Electronic weapon 200 includes a hand-held launch device 202 that receives
and operates one field-replaceable cartridge 230 as a type of deployment unit. Launch device

202 houses a power supply (having a replaceable battery), a processing circuit, and a signal

13



A depl oynent unit may include one or nore el ectrodes as di scussed above.
For exanpl e, deploynment unit 230 of FIG 2B (drawn to scale) includes the
exterior wWoreengi1m3s, features, and operational functioneCTafS2@0meyéEnt i onal
cartridge used with nodel M26 and X26 el ectronic control devices nmarketed
Y IS B PROBLR0E 3hol 6L fiRh SIERL TR HIHbIcAdlicd SRGORI SELE AP Y
be prope Fom a cylindrircal Bore in a housi oynent unit.
For exa&fd dectbajel amyltrerkﬂevwm rharR&8d bp AIARHRS Iﬂmustncngl 242, C:{rm/c@le 228 3nclides e

h b 44 245, [ 1
Separ SO B O S CgOnS - LROMRPOBHY CRiEet FEL FBt HRaamBRBkt L odes
238 ana3g3f: pEpakatidigcheiderad g%h@rsﬂyr R 238n 6@§%t1 *Aw{de\%&a@arg&%ﬂ&ctl ve

filanment (one shown) 234, a respective body 252 and a respective
spear 3B&6wWRD (&M?ctrddﬁx 23Gamt 288 fby @Wautthbeatg@tnelbmrcmes Q&@snd)%& cﬂm)lqzy lzahendof

t he bores ., SO tha the Cross cti Vi ew FI G 2B, one
i e st a0 P DeetEhe Mok Sisi oS 258 b 2P RS g R
cont aCtt1$e AFLt, |f9§1ﬁé1ﬁ§1 287 RGPIRY dxferfPaE ich@ri@RCIB0Qb BREH@AN 3R 098 ner s of
rectangul ar cover 243. The stinmulus signal is routed fromthe |auncher

t hr oughesphetivedp| Byensgnal genieratol provides g simmulus signgdbteueh theapitcutifemnadityal | y
couple S

COUP! euliefl e et‘?gc‘%}odX R ”[Qrtg& us%u Llc e;'%[SPS@ eg%zf %{}d ﬁ/iéa%ig@é S3 Oﬁlr%c(:)t)%?dﬁg ?% gﬁod

conp act2384ﬂechwhtduaj atnh%l@tﬁtﬁﬂy eaﬁble)fo filsh@ oeiht 3¢k PASB LSO tﬂbox@f the front of
the wire store near cover 243, passes near spear 255, passes along the

| engt h of b&?e@we%wlt@ﬂy@@u@e PREAT MefEEles rO@Seaétd#&sH%se@ shovgs For sxmrled
above. y
oract | SEpEEtal SRR ko SSRSTRNGUS U8R APLRIR, IRl
assenblopeiatiomal harcgiood, oIf heoimens bmyg caiB3d de) ussd o4thngodeh 8136 dnd P2 eleairomion r e

d h h d b
or act | GBRTOVCEX P b [AOFR QM ERREER S 5P RESTesAL 36 A8 LTStk od
1Dt o TaTeUn BRI SRR daNl ik AR Sl ached

is fed into a bore . The filament (234) is nedtly placed in a wire
store. d?pleymmtstente?rﬁﬂ) 1o¢lud¢$éloﬂlsmg@é2|,tco(v@3m3 wsrersereramo teiovyn) dougsl 2d andar  a

cont ac 247 o the d nment unit housin 242 a dge. 14

So11, o L anpbet 0 sl BHLGHI o r s Pet Aol R TR ENatr 209aa) rmy
abut orwﬂsaetet}@k&i A&R0ass 23 ndCBt Aath (24 Abtherdd eR¢abdd 2RBN36pinchgbad | ed to

cl ose the bores of the hou3|ngé242 A close uniformfit of the bodé in the

bor e i sespeetivedtampef (a@fe:&h@p\m)e i rgspectvybrdyadadvas eatdae faspacsive sprandal

andfor o] i I n L he t hat
exedead 207 TR EHoRS RLtea Kol RIT L Tty s B By P BLin e
bore. ltie &8ss setﬂitﬁl ﬁé@ﬂﬁlﬂl@ﬁlB eohplvasd steleys pintiwed®$ ceosy @édﬂﬂﬂiﬁ aﬁcﬁ tigaghdrhat
pushes each bod 251 (252) fromthe respective hore 244 (24

Accel etiddesn T Wraéts\ﬁéff B)é'flttss} diagppalyt oppppiteach Ot@haeaééwoa%%rs of reRfangyIAg t he
t ar get f r

di a?ret er@&%%&g%@%%ﬂ g}{lsts o]f s :r%lgg%og@ tﬂﬁ%ngie(r: g}ggggg%?%ﬁl? t %%?[elﬁ?te\?gglef or a
per i od cofitatts mMEacincetes s]acurilcg{llwmplqs nopedspecigyetehé ob o diyarieno.ntohexabpiee ond Ol n

contrast .to_.the electrical. coupli i.gcussed ve wWith refere

cl a5t 1 ot of BB G e P Relae B P8 OH Bh DAY TBHEAY Fotee 2f G e
eI ect r Qi Gh¥eRRYFiarfh P9k pR&ES Mt@f%éf%rﬁ%@ 'tH&meréJ&BEe' fer cd:v%f 28X ARk near
conventional electrode 300 of FIG 3 includes a first conducting structure

310 t hapedyﬂﬁélspaasermalmagéhﬂ leBglh af body 822.rod en@GR: Imldfad@pﬂ‘ cdysrqdh @3# b anent

342; a d 0! u 2 gﬁgy&%ﬁtnlgutsz;sgelﬂl th‘y' lin(:"clu?’d% laer aP g in any Bracp cal
pi er ces {4t 5%(’1 r?(g

order: (a) placmg the electrode of the wire-tethered electrode assembly in a bore of the housing,

30  (b) storing the filament in a wire store, and (c) attaching each tether wire to the housing. The
method may be practiced, for example, with the structures of FIGs. 2A - 2B as suggested in
parentheses. The body (252) with spear (255) and filament (234) attached is fed into a bore
(245). The filament (234) is neatly placed in a wire store. The loose end of the filament (234) is

mechanically coupled near a contact (247) to the deployment unit housing (242) by a wedge
14



15shown) or target tissue 330, |lodges in target material (not shown) or
target tissue 330, focuses an electric field at the tip, and forns an

i oni zed paoloEMMOBS an air gap 352 that may exi st bet weenTAiSeawoexde2 300 and
target tissue 330. Stinmulus current is conducted through target tissue 330
on onl e t The first
al ter nétg\}e T%gtl (LO%)F g%?@%%%%?% Irrlﬁéa‘?’féﬁf &]cbcecﬂl}?%p %r%]th:séescégtngtségpdulgtl ng

st ruct upeer3243)ps arsedlsd taclget the besuef 8i3Goudlg The Aetandndbinefinaf the ®ogwmim,

represented b 352 occu en second copdycting structure 320 does not
cont acth%]i’oer%Qfg hhan Cﬁ%cgemp 1§h§§hét%1§§t e F%ﬁ*ﬁﬁgat? gl iy aPERicat e to
target Jtesiie KhPABNRAGUBNo R AEM AR BRE-that exceed) B 1IPICINEFRIR! ary

i npl enentation in accordance with the functions di scussed above with
r ef &r enioeedessaFilyGwith fggdingltbe odly @£0 the 2Bre. Hinrudé, rilge gttopcitztnu expladbiely grovides a

i | enent ed h | [ i str | enent ed
P CosBlite & a0 Blonek B PRT ST o SRR B R bkttt 2RFQS) T e e
body angtcsRRMion RYzAEvabcitl, SISdHTdY A mieRtagd laedlﬁacyl%%mlﬁg tﬁeh@rg@pﬂ}é affeFBd b$i NY
a material with S|gn|f|cant uctility (e.g., azinc a z facilitate

bi ndi nghaofit efiihe b@dya%ehleamﬁdh@boras danytsiigmgerorlongde lengsnedrine hwév thaeexseetls a
F
o G aRRRL o SRR/ g TRLELLy ) L sal i dpge (o - @

| odgi ng, andntefitist RGhe Mectriealsdouplifoditdusedafbol b @it pefeARALH B dédttsdt ULE,
facilitates focusing an electric field in or near target tissue, A

conduc B2 pdier g ferecet e sintiendlicHg et esier teerons VB BRHER B REPBdnt act
wi th t%g&ﬁamg 'ﬁﬁ«;c;ﬁ%a ng%%}{ ?@‘ébfﬂ%n%ﬁéi%wd{rs d8Y0 GRS B SRIcRIdyRld ve

portion portions aV| ng one or nore pointed
sur f aceohdating ssuct@prid@dhapindsalfilgesntr3ddue elegtr@leeid0rand depledthstilangttt342;
hat. wo

t the t f th
(281?/ ofﬂ%?&ﬁﬂ@?ﬁ ag%g)fékga%@% gwﬁ |3@bthﬁém§8§]é’ﬁ@%t Rifreeyreestimarial (mot
acqqr d%ﬂ&@n%ﬂtﬁkg%%s{léj@% hQMes i tﬁFg‘é?ﬁl‘ﬁférlapGl\S?sﬁ’Mv&IHY of Bl &t RGR 330, fokls adA -

1D, "a filament may be boundin the electrode in a manner that accorrpllshes
f ocusi eipctricdiietil agthe sipdasigiosagdimipnizsd grdicessedn wirighp B8 Bremeg exist bysweardi ng

structu 1 or to.ass ly.with a 5fi uch ectr ma
conpr 1 oty 3l e O PR S e s oy et BN St Pkt dEolBS.
After assesl of twbiphthd (dd &NBRle, OR UE hediatiRlBet 3529 e Thelfitf Bl G MR JaBES @
filament that conprises a spreading structure 163. An el ectrode may be

assenblrerfessyteg| bydingg Stthecchis| versrmeceidd onHesiingtieusipesat2 0t ersergtarsh tispe AP kg
I nb?ha%hquceornld%tel%f }1%" gattﬁ rgére%ﬁgedfwf%pr%fo@g 113 gﬂ%n s%co.na gﬁéu%ilﬁ%mr&ch ?Ireem)\/al

e filanment an ear REeri or

10body,326tdakd mg cbﬂ@ct&me@dgellmmgéthesmyo bu€ lodigeniy hineridpestingtead tirber thosty,
deform ng a portiaon of the body). A spreadi ng structure distinct from
a fil aifthe ehetighde frsrgpn 2%y, FIG 10). Wiile a portion of the filament nay

serve as a Jp 'cﬁélgicrﬁgﬂ%g Hﬁle‘ﬂﬁe‘ﬁtaﬁ%ﬁllﬁg(%ogc}aﬂgé‘lmtﬁQﬁeeﬁllqct{l’@ls%tlgc'dgstc& gﬁ(%\;ogasgiﬂpe

used. A fil anent ectrica mechani cally cou
spr eadirefgreate tockiisel A13R HadBBA péBflmnmmgtshectﬁmrﬂ@ﬂ|19nnplerhe1aedbamdbmgy structure

i scussed bov A bod hav si ze and shape known in art for
2D b P BRHER AQUeline AR |onda TQBIBPIEAg 4 PR e Ceing PSS Laie | al |y
S pheri Qﬁblem%'ﬂté%lta"é 'atdﬂ%éey ed bé’t@" dnﬁasbear'?ﬁsw l%loff%ﬁs sﬁ*ﬁﬂa?r R te SN IMBEHdin d & thet he
direction of flight, | et shaped, tear "drop shaped). In various

i npl errmodatompssmga laﬂra@ﬁhb@nmf@qwodn@hmém (eeg., Tonprilee neyrfdabtate/kindameer | al |
?T:)r goln‘ﬁ]i ﬁs %{I}%sz?n crna%semqbrhng of i e tl%é) E&{‘yd%%'n}’n% {8 rs;%e'a? Q()smgrqsqng pe or
material with significant hardness (e.g., a stainless steel alloy) may facilitate forming a tip for
30  piercing, lodging, and focusing. At least a portion of the spreading structure facilitates focusing
an electric field in or near target tissue. A conductive portion of the spreading structure may be
exposed for contact with target tissue. The spreading structure may comprise conductive

portions, insulated portions, and portions having one or more pointed surface features.

Spreading includes reducing electric field strength (e.g., flux) at the tip of the spear that would
15



A spear perforns the functions of a nechanical coupling structure as

di scussed above. A spear nmay have any size and shape known in the art for
sui t abl y woepoi/mge3sat eri al and/ or tissue of a target, | ®@dgiusgoion4avar eri a
and/or tissue of a target, focusing an electric field for ionization of air

in a gaR. A0 8% é’ﬂc@%fgﬂ-eﬁcﬁﬂé.md path across a gap. In various
spe

i npl enentati ons, may~ 25 be nonconductive, conprise conductive
materi al, ofn amqmlainse wathaberfrinn@drisatiscofsednbowr with rderencdiodtliGy.el fHoiDi oans and

one or re |ns Wien a spear includes nonconductive nsul at i ve)
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particular re f tar rial and/or e.or is umfor within a
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i pl enBRdt abnPRsesiptaalng ssRERAd] 430 Ay eldcttddelhisebe és§erﬂ@1%d u? ipfaRImH thle
acconpl i shed. Non-uniformdiffusing may result in hot s s of electric

field fiilyrentiand theadhetiear Greush aﬁ@@ﬁ@ng ofto pa ijerion df dkaeodyrand shapieg B body get

and or LATEGR SRR TR R Bb R S RSB R SRPREE: ¢t
r egoon bety,walkiEetht Bpea i thie Boad§ adlodAX thElopeihg bh thetod ¢l def&rniih €h @oftlorof the

intensity occurs. A hot spot includes the | ocal maxi mum and surroundi ngs
down t ®°dbbut 80% of the | ocal maximum A ratio of the current delivered

through tar %E e}}cﬁﬁ%ﬁm\éhﬂ‘eﬁlsﬁﬁ&mgﬂhrﬁ% d{ Y REd %EC% Y16, PO Wﬁzl‘f e fUrrent

del i vered thr ot rget tissue via a spreadrng structure is influenced by
many f gottomsof tlf@ﬁlameanmhﬁ servaet osmeatiyg stmcltmd,emaadslpmha]adprafadir@tstmnmm pay

(e.g., ,distances betwee ruct ures, placenents en a spear,

di f f us& uszﬂﬁ dfg?@frla%%t 3y Qtwi ectrically apd/ 3? meghangq Pi§ﬂ?i§ %@r PRREFAANG, %@éaﬂe
conguctive Wﬁédﬁk?fo‘ﬁfns e ons df dipffat ‘x{%te{tpucﬁlrpﬁ)sd&'ls&fssetd%o% eﬁtbrog‘ji %ayand
target tissue; conductive properties of target tissue, conductive

pr oper thaesarpf s1mrrdwﬁlepe kreovgein theiart g eutd{le bpdinged Blahnest argrdeptoyingcheni cal

ft t | d
o oxi it O g T eEh SR SRR uguRel b Ry B o
the t arcﬁ@&ﬁorﬁ&fqllgﬁﬁﬁﬁlldt Gdpeg aBalirbp tHaPSd) &n Fario®UkPUMHR oA l&ﬂ?@ﬁ‘d}l b Y,

source inpedance, series inpedance, output current capability) t he
eI ect r Geneondeelinsn oM sreonilyciive material sy apmarise erembioake ¢f Betwemie any of a

?@r, | (gucfth?B? 1on9519d&%r he r%ir??pﬁorrmy i ncl ude a 15physi cal distance

ween € spear, user, and target tissue. Such a physical
d| stance mayA fmat j)etrfcatrs 08 funttidrts ddm redchaticalealiplig Aluc@nRsiy disduetadedbvany t wo
of the spear, the diffuser, and target tissue. A description of an
el ect r iSBEA MY IAYE AMY ﬁ%am%@aa%%owm tHe Artdpr Séluté‘alf/rpilf‘éalrlg Tl AR extishe

(P BTG RN eI APTLGR Bl OBl U 00
requi r edl ih@ gaprindeomning ian idrtized2O¢fameross a gap. In various 1mplementat10ns a spear may
25  be nonconductive, comprise conductive material, or comprise a combination of one or more
conductive portions and one or more insulators. When a spear includes nonconductive
(insulative) materials or surfaces, some or all of the focusing and forming functions of electrode
160 may be performed by a spreading structure (diffuser).
A diffuser performs the functions of a spreading structure as discussed above. In one
30  implementation, spreading by a diffuser is uniform across a particular region of target material
and/or tissue or is uniform within a particular volume of target material and/or tissue. In another
implementation, suitable spreading by a diffuser is not uniformly accomplished. Non-uniform

diffusing may result in hot spots of electric field flux with respect to the region of target tissue or

volume of target tissue. The hot spots may be distributed, scattered, shaped, bifurcated, and/or
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A change in the spatial relationship between a spear, a diffuser, and/or
target tissue nay change the electrical relationship between any two of the
spear, thwodnffuses, and target tissue. A change in thePeraskennoaios2

rel ati onship may change the ratio of currents provided through the target
via th a i r : [: I i an
ol oot 1 saanried 2ol D L CURRor ERACRINLE o [ERhLAHTS B SEKICCORTRG B
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tissue. Tar gel oy B reBYelvRRUGRDS ﬁuﬁQ%%&ﬁﬁk&Qbﬁk@&&&m@@&ﬁﬁﬁgsﬂuéﬁﬁﬁr
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nmechanisgadtides RMRRINRS Y Betwen hap&deta diffustrf dddsefcemtuda Pagiltrbanstihsd di stance
away fromtarget tissue with the spear at rest plerC|ngé§e.g., enbeddi ng)

t ar get beivessnexpgsedicondpstive peijioroelt atpear; e diffusen oy phthgetectiods yad wreet a
spear ai_re i.erci . 7. 1.0 / 10/ 2.tissue. A
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ti ggue.(e.gheloties pasior )y eh@nidauohipssitipa bt tdss tieduede gpe@Eatabidod b lifaselosmy be
arranged such that placenent of a conductive portion of the diffuser is
gener alVespeh RFECHBALEIH S tHEFR PRIAMALgRgae. RIPseaereOk HHE b IMRYEmsAt ofghe target; and
conduct.j v.e. i o af L he esi St ss than
St osi st iApir et (4 PR Rl SRS THART i Mipdiafe. ple MR e
rel at i eoghut puriett weebilay doffthe slectrarid waaspead/ordijarsdrange as the di ffuser

and/ or the spear. contacts terial and/or tissue of a target. A gap of air
between a di‘t FRASIEYCLGNENIR BelaceR anyol a AR 1 dHEYCh AR Breg s us B Pelge o
rehati omsaER didhifchBBGReh Bwd BEHERBErBhe URHALS, QRS Bt (8@: SubeRghiviol gap of
air) between a diffuser and a spear (e.g., novenent of either or both) may
af f ect digarve nelydetitifatcadr limeit ab elpngicilpelationship petdieéif arpetwoned\thdepeht, éha bl e

e.g., r manent | ef or le,. resilient). A diffuser. Y e.g., bend,
ey dBFiEE M0kt R R e rnlistpt sttt el bR G n G o S o
ti ssue epletricat dupBihg efistsl(@%, RlaprIkiChlusatact®ia iBAMEH G Of dit fni 3dapPABd fnb SRttt h
respect to a spear and body of an el ectrode. The initial position of the

di f f usef anippeianedof atelectigend peath, aids ifor caprexists, givaltageapguiredits hatizeednin the
di&pus A and the spear. A voltage nay ionize the air in the gap of the
initial PEngth to establish an electrical coupling between the diffuser and

the spear otAelianics én thaspdtal edationcliip @asheeatalpéar, £oiftuaat af/oit thepediifsheisay W th
mat erial and/or tissue of the target nmay nove an qperative portion of the
di f f usé&hangrdye elegficalieladprship beAwesianydvorah e spsefy 8 Allaser fangiriesidissraat

the le B ) i es.
po- tho T aiEsth edBRy Bt b e e By e AR R CBRE D
bet weervid the spiafr hind ére diffdser.he spear changes. A di ffuser may be

i nflexi ble. An inLJ xi bl.e di ffuser may be sitioned a distance apway from a
spedr to estbbrahe g Y Mo ch e Al A KBS A oa Qad harenat - A
vol t agendmynit AR @Rpledo Bleftarb®t. NI HGARALDuBHESRLILAEs @RpRhS&S 4 Gdbr GRUP! | NY
between the diffuser and the spear otherw se insulated from each other.
Cont actsudficet hentglitinguarget tisudh andembeddinsmtetangey tipwsi Maemear gfet tatdeswag i n
change the spatial relationship between a spear and target tissue. Target movement may increase
a physical distance between a spear and target tissue, move the spear into or out of contact with
30  target tissue, and increase or decrease an amount the spear is imbedded into target tissue.

A spatial relationship between a diffuser and target tissue may change as an electrode is
launched toward a target and the spear mechanically couples to the target. A diffuser may be
positioned a distance away from target tissue with the spear at rest piercing (e.g., embedding)
target tissue. A diffuser may contact (e.g., abut) target tissue with a spear at rest piercing target
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25t he gap between the diffuser and the spear. Target tissue in the gap may
change the electrical relationship between the diffuser and the spear. A
di ffuser wayoiwvmahasde a point to aid penetration of targ@CTiiSssm41¢2t he
diffuser, to focus an electric field, to forman ionized path, and/or to
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current into, in, and/or through target ‘'materials or tissue (e.qg.,

conductestablisr dectiice abetling bptwean dief dilizegr anémempsmls@‘wlwbwéatedrﬁymmaolvr de
t he current tot t ssue b ting.tar prowde 15current
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ti ssue,popitl @thPairakstawaytFoRn thetsPedrarBahe Hiffiselemyied ab&@?'fﬁﬁdﬂl@'sf)edrnth@ gap
betvveen the diffuser and a spear positioned in or near target tissue. An

i nsul atletetic oinhacewet dinbemser Breadifuser andithsspeps inareases. Anthelleneth elée gay of
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under desi reﬂddﬂm@di ma;obksi)nﬂeﬂr@leexmoﬁﬂéxmdhﬂngbr@iﬁaﬁﬁeq)ammwh distamey aphipvi de
a current directly to target tissue or provide a voltage suitable for
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insulated from each other. Contact of the diffuser with target tissue may position target tissue in
25  the gap between the diffuser and the spear. Target tissue in the gap may change the electrical
relationship between the diffuser and the spear. A diffuser may include a point to aid penetration
of target tissue by the diffuser, to focus an electric field, to form an ionized path, and/or to spread
an electric field. A diffuser may include a barb to lodge in (e.g., resist removal from) material
and/or tissue of the target. A diffuser may include one or more conductive and insulative
30  portions for shaping an electrical field of the diffuser.
An electrode may include one or more insulators. An insulator includes any material
(e.g., insulative, insular, insulation) that significantly interferes with operative conduction. Air
may serve as an insulator over a distance having a breakdown voltage greater than voltages of

the stimulus signal. An insulator may be implemented as a structure of the electrode (e.g., shaft
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In one inplenmentation, the diffuser is inplenmented as part of a filanent.
An axial 25filament (e.g., tether wire), axially insulated, has a
trans- axiwb 20ut01663d t hat exposes the conductor of the fiPCamsne10/031ve2 cut end
and a portion of the filanment back fromthe cut performthe functions of a
di ffus i . I t
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i nsul ati®RigNg ajg i3 3&ap bwem Helsraesedportiaidbeepngyetor d?fg%félséue apgfer gothasr e
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(e.g., rear face). ody nmechanically couples to a spear an to a
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30 A voltage of the stimulus signal may ionize air in the gap between the conductor of the filament

and the conductive portion of the spear to establish an electrical coupling for a duration of
ionization in the gap. Due to the small dimensions of the gap between the conductor of the
filament and the spear, a relatively low voltage (e.g., 200V — 400V) stimulus signal may ionize
air in the gap.
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300f flight toward a target, a body is positioned behind a tip of the spear
and behi nd the exposed conductor of the diffuser. A body nechanically
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physi cal relationship between a diffuser, a spear, a body, and/or a target
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mat eri al that electrically insulates. An insulator may be of a type (e
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spear agai nst a current having a voltage res ator
may be fomnaied agé/ogfacus b]apteld ﬁekisribr eah fqimsan'on anedyrr30 sprembyed, parti aI |y

re ved, cut). to establi a Ilkel Ioc n on he spear where t

| nanl at or e bodk ek & G Bideostia (et o e SR REPENIGo 2 BT oIy HBbve
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i nsul atneechhnicagly capruylepm & bar afd t@ adliffhseseiThe fordiafd pagtion phihe bedyp&rgeneally
formed o%fentaed Ecroavglz?ralaa%argtéthpar}or?o Fc%gﬁlgg ][hle lécl‘grso flz %tu%%g ﬂigr}lt of the electrode toward the
target, and after the electrode mechanically couples to the target. With reference to the direction
30  of flight toward a target, a body is positioned behind a tip of the spear and behind the exposed
conductor of the diffuser. A body mechanically couples to a filament. A body may include a
substantial portion of the total mass of the electrode. A body provides a surface area for
receiving a propelling force to propel the electrode toward a target. A body is propelled away

from a deployment unit responsive to a propelling force. In an implementation where the body
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An insulator may establish a gap of air between a spear and a diffuser.

25 A spear may include an insulator. An insulator may insulate all or any portion of a spear.
A spear may be partially or entirely formed of a material that electrically insulates. An insulator
may be of a type (e.g., thickness, material, structure) that electrical insulates the spear against a
current having a voltage below a threshold, but fails to insulate the spear against a current having
a voltage above the threshold. An insulator may be formed (e.g., shaped, applied, positioned,

30  removed, partially removed, cut) to establish a likely location on the spear where the insulator
may fail to insulate against a current having a voltage above a threshold. An insulator may be
positioned on or near a spear relative to a diffuser.

A diffuser may include an insulator. An insulator may insulate all or any portion of a

diffuser. A diffuser may be partially formed of a material that electrically insulates. An
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direction of flight of electrode 400 toward a target. Body 440 nechanically
couples to spear 410. Body 440 may electrically couple to spear 410. Body
440 may iwol2adé1a635i nterior into which a filanent and aPSpase01ande2962
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electrically coupling to body 440 and spear 410 via physical contact
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30 ti int. 72 1S [ I 460,
cut¥t o oxpodora il ide EOMRGHEY R bE SRS BBl EREEE Bl 2o
470 i s chadudests and/ar ouizugonbdit ina gapdicusecdasoicoh@tt@enarabliyaytiaciade angte 716

of a tangent to the curve with respect to spear 410 (e.g., in a direction
of flidHtye: Angle 716 is sufficient to cause operating point 721 to nove

Z‘Q’:?’rpr (raomi r5] Fhﬁﬁcgro;ééggg Bg ?Iﬂ%gﬁg—el‘éﬂr%egfgh?gﬁ%fuﬂ@&o% bthn ARG Qe didcBSKE abd @
v;/ith reference to FIGs. 1A - 1D. Electrode 400 after assembly with filament 470 includes body
25 440, spear 410, and diffuser 430.

Filament 470 extends from rear portion 444 of body 440 to couple electrode 400 to signal
generator 118 of electronic weapon 100. Signal generator 118 provides a stimulus signal
through filament 470 to electrode 400. Filament 470 is an insulated conductor and mechanically
couples to body 440 as discussed above when electrode 400 is assembled. In the absence of a

30  stimulus signal, filament 470 is not electrically coupled to body 440 or spear 410. In one
implementation, the diameter of filament 470 is about 0.015 inch with an internal copper clad
steel conductor of about 0.005 inch. In another implementation, the diameter of filament 470 is

about 0.018 inch.

Body 440 includes forward portion 442 and rear portion 444, both with reference to the
22
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is about 0.063 inches. Increasing the length of diffuser 430 nmay reduce the
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cal | ed jhtgod &%ﬂ}«qno ahd SRe@ls € FoMAlohwald pdhesh 4428 rHaaf H4POEAd pattieh oft spear
conprises uninsul ated conductive material, the | ocation of spear

act i vatfilgpentfidp esteadpioswargdey foyavazd porsioadd arpperforamtiplmnationspt polifeserast t o
the2 neay est e@ﬂiﬂ%}n 723 on spear 410. A spear may conprise a 30 rearward
porpi on and a torvard portion. For exanple, spear 410 includes rearward
portion 420 Vaunginhea@R@hk off diecttade0n had it cv@mpohapardfieanopbfationfof kidthyseA43D.t 0 a
boundar%; 415 and further includes a forward partion 424 having length 713

h
fromb &) hag diamgteri7g6 4HIS. 7) pbogh aicaprad sis At YBRCH i dPe PR #Y B2dr ti on
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3 psgr %%tdif}[uasgrl Z%E)' thg)au)éh %Ie)er%tircljgi; 18)51?1‘[] ’9’26 1 o%geffirgir?ggn Vg ()e{sadgsitgn%eg) z?rllc{I zgngzezsle'ffecting
diffuser functions including focusing, forming, and spreading, as discussed above.
Diffuser 430 includes insulator 450 and conductor 460. Insulator 450 encases conductor

460. Insulator 450 insulates conductor 460 from electrically coupling to body 440 and spear 410
via physical contact between conductor 460 and body 440 or spear 410. Diffuser 430 comprises

30  an operating point 721 comprising the uninsulated end of conductor 460, cut to expose conductor
460 to the atmosphere. The end portion of filament 470 is formed on a curve about a radius
described generally as an angle 716 of a tangent to the curve with respect to spear 410 (e.g.,in a
direction of flight). Angle 716 is sufficient to cause operating point 721 to move away from

spear 410 on impact with target material and/or tissue, for example, in the range of 10 degrees to
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In an inplenentation having a conductive body 420 electrically coupled to
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described in Table 2. his 1 nplenentation, body 440 is electrlcally
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conduct i e surface,(e.qg., spear steel r i on
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Di mensi ons
reach, distance 714, to operating point 721 is in the range of half the diameter of filament 470

(e.g., 0.0075 inches) to half the diameter of body 440 (e.g., 0.107 inches), preferably about 0.089

inches. When angle 716 is about 45 degrees, forward reach 714 is about 0.063 inches.

Increasing the length of diffuser 430 may reduce the likelihood of ionization between operating
25  point 721 and body 440, for instance, when angle 716 is about 90 degrees.

The conductive portion of the spear that is closest to the operating point of the diffuser is
herein called the location of spear activation. When the shaft portion of a spear comprises
uninsulated conductive material, the location of spear activation, for example, may be a distance
720 from operating point 721 to the nearest point 723 on spear 410. A spear may comprise a

30  rearward portion and a forward portion. For example, spear 410 includes rearward portion 420
having length 712 from the forward portion 442 of body 440 to a boundary 415 and further
includes a forward portion 424 having length 713 from boundary 415 to tip 412. In an
implementation where rearward portion 420 has a nonconductive exterior surface (e.g.,

comprises an insulator, a conductor covered with an insulator), and forward portion 424 has a
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of dlnenS|ons el ectrode placenents, and operation of this inplenmentation
of an el ect erdéfuéﬁﬁna;r e dssmed ledeform dalxhpacd withWarget (e.g., ductile, flexible).
201170 g%%splggé 0 %gjb%égﬁrzlg ggmt of a diffuser relative to other portions of the electrode (e.g., a

15  standoff distance) may change on impact and/or penetration of the target from an initial position
set by manufacturing of the electrode and prior to deployment. For example, penetration of
spear 410 into target 164 (tissue or material) may change a position of diffuser 430 with respect
to spear 410 and body 440. Such a change in position may include a change in angle 716, a
change in standoff distance 720, a change in forward activation distance 718, and/or a change in

20  backward activation distance 714. A change in position generally changes one or more electrical
relationships between operating point 721, spear 410, body 440, and target tissue 164. These
electrical relationships may determine which one or more of several possible ionization paths
becomes ionized and conducts current of the stimulus signal. Generally a shorter path is ionized
and a longer path is not ionized.

25 Examples of dimensions, electrode placements, and operation of an electrode 400 are
described in Table 2. In this implementation, body 440 is electrically coupled to spear 410 in the
interior of body 440. Spear 410 has a conductive surface (e.g., spear is stainless steel) from
forward portion 442 to tip 412. Nevertheless, tip 412 has a voltage with respect to the return
path only after (a) conduction from operating point 721 through target tissue; (b) ionization from

30  operating point 721 to target tissue, to spear 410 (e.g., forward activation), and/or (c) ionization

to body 440 (e.g., backward activation).
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During impact with a target, electrode 400 may perform spreading initially according to

row 1 of Table 1 and subsequently according to row 2 of Table 1 due to inertia of impact and/or

motion of the target.

In another implementation, spear 410 includes insulated rearward portion 420, boundary

415, and uninsulated forward portion 424 as discussed above. Body 440 is not electrically

coupled to spear 410 in the interior of body 440. Insulator 420 may be formed of any

conventional electrically insulating material including those discussed above. For example, the

diameter of the insulated portion 420 of spear 410 may be about 0.035 inches. Examples of

dimensions, electrode placements, and operation of this implementation of an electrode 400 are

described in Table 3.
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through a diffuser is conducted via ionization of a gap at a conductor of a diffuser, the extent of

— O

QDN o
D —~ -°

15  pitting of the conductor may be directly proportional to current delivered through target tissue.
When substantially all current through a diffuser is conducted via ionization of a gap at an
insulator of a diffuser, melting of the insulator may be directly proportional to current delivered
through target tissue.

For example, prior to providing a current through a target, insulator 450 and conductor

20 460 of diffuser 430 have the appearance of a newly manufactured filament. A newly

manufactured diffuser lacks pitting, scoring, melting, and other physical evidence of providing a
27
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25  measuring and comparing a delivery of current through an electrode. Preferably, a tip of a

diffuser is formed to have regular (e.g., orthogonal) edges as discussed above.
In another implementation of an electrode, according to various aspects of the present

invention, the electrode includes a diffuser that is not intended to be deformed on impact with a
target. Because the position of the operating point of such a diffuser is maintained with respect

30  to other components of the electrode, an electrode may comprise more than one such diffuser.
For example, electrode 1018 of FIG. 10 includes body 1040, spear 1010, a first diffuser 1020,
and a second diffuser 1030. Electrode 1018 performs the functions of an electrode 160 as
discussed above. Body 1040, spear 1010, and diffusers 1020 and 1030 respectively perform the

functions of a body, a spear, and a diffuser respectively as discussed above. For instance, body
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Diffuser 1030 is formed of any conventional electrically conductive material. Diffuser
1030 mechanically couples to forward portion 1042 of body 1040. Diffuser 1030 extends
30  forward of forward portion 1042. Diffuser 1030 does not electrically couple to body 1040 or
spear 1010 through physical contact. Diffuser 1030 may electrically couple to spear 1010 via
ionization of air in gap 1054 between diffuser 1030 and spear 1010. Diffuser 1030 electrically

couples to a conductor of a filament (not shown), as discussed above.

Preferably, diffuser 1030 is placed as far away from spear 1010 as possible while still
29
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the electrode, and further includes a nmechanical coupling structure. The
mechanidéigftiadodfglighfg structure is 5electrically isolated fromthe fil anent

w t,Rout an ionj zi i - t-he. gpec I Lin . and
hé0ri | amentt I shBmbARFATASER 0 G PR P ST PR e
t owar d dieers s fyediwaylfiemeltias comgendito tie slet thaleau lincesse b @athasrg@dredse asue vi a
a path fromthe spreadi n%] structure to the nechanical_ coupling structure

and/ or A¥fRity REPPY ebaTrgt droushttaiest st Frexamplee fiseatingdipcl O apan figibvi des
a curr t The: cL £ 1ahi Al . y the
Far get Do OLPHAD o8 aofAthed P AR entfdl bt 8L TG TRAPIE oty

uni t t Hadl coigphdy atvey trot klwroHran tHeehsettianef féilghctincde dromgrleintdtetidnasigdt . The

upeh ey hes 2oL S, shonal, generator for providing the curren The

el ectrical I yoieauRl1850 hfA§ pidren@dlecd BRGNAL Hd/8:QAisie When target material and/or
tissue enters a gap between diffuser 1030 and spear 1010, the electrical relationship between
diffuser 1030 and spear 1010 is changed. While target tissue is positioned between diffuser 1030
and spear 1010, the likelihood of current arcing from diffuser 1030 to spear 1010 may be

30  decreased and a magnitude of current provided by a filament (not shown) through diffuser 1030
into target tissue may increase.
The structures discussed above as components of an electrode may be combined using

conventional mechanical and electrical technologies in various implementations of the present

invention. For example, a body and spear may be formed of one material as one structure to
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15el ectrode. The el ectrode includes a body and a tip. The body has a
forward portion with reference to a direction of flight of the el ectrode
towar d t hwotarigate3sThe tip extends forward of the forwaPdTseei0omIsAn end
portion of the filanment extends forward of the forward portion between the
f or war r rtion provides the current through
t he ta(rivgftatfl ?c%ttﬁpgss‘gﬂﬁmlt‘go&r%n{@htﬁgﬁ)oggow des a current through a target.
The current inhibits 20 voluntary novenent by the target. The depl oynent
unit includes an el ectrode ang g rrggng fPor Erggﬁl | i t he el ectrode toward
the target. The el ectrode inc i for binding the
filament topfRe a%'e }rﬁfeﬁl@um@prﬁ?ﬁ9§a £ @ter @004 BB OLA BEdek! OfRe bt iiliBbits
target, and a nmeans for spreading the current in tissue of the target. The
fil érrervbhmmﬂuuivsmmtdomuhc tapdt. {loe dhgoymantsinfitonclsgeseddiunigg, didewstvere, t he
neans f bi ndi i.nsul ated froma conductor.of. the 25fi

oni 2t FEHOUEGH (et ie (FEM SR UPPY B Mt oS GIA (o PRy A Pl
from t he teenductor TR clbhifodeiih@BBRIMANE RUpreh @itk Zidd du@fent. I n operation,
t he depl oynent unit receives operating current conducted to the neans for
spreadi ng. Theperaters thapropgllaahpiongls shgppentiose awpatienbie honiing tavend the target
nmeans f i e ent h,
2 dopl o5 s o Bl b GeBley AP FRoB AR 8 Ry, SRR e ing
volignt amachmiﬁvzﬁnmmpbyhé Blecti@edgto. thd taegdﬂemh@ﬁmﬁ{etnt cetiducis ied ¢ladesat. abueltoedt r ode
and a propellant for propelling the electrode toward the target. The

el ect r pa&iPREN BRI Bl dhe mARASHOHFRTPARS the PHECR pBaFe febnahredaPryeTioRBl es

t he el a
of ai 1 s B AL obe e JIe S s bR SR GG s B Wl i 00
oper at itlntargehe di ffuser provides the current through the tar get in

accor dance v§&th a position of the spear an? t he di ffuser | ati ve to%girget
tissue. The F?IfduééiFPIQM%‘ﬁ%tr“:“ét RIBHASSA S WFETbT OBy & Sigpl éﬁ%@r@}ab sy

regkst e B ik %Iuhﬂ?y ﬁl%érﬁéﬁt b'ysthé‘fa} RV Rhd @QJI@yméﬁt ahit hc1@ids %'fﬁﬁh&ﬂ%d@

i ncl udes™a spear and a fuser. The el ectrode i's for |aunching 5toward a
provi dégusiag.getelacgoge, @udd@r@eﬁamtr drie filimentghnduees thacgaentwibe owdies wtainent

|nh|b|t vol mover e.target. The di.ffuser |t|onda
| engt h egireng 35 Mo/ ERERCTHy st indPldlkin Biabhihe+ HSketioBe P pbiRen
currentin Hfér}%glﬂg oR$pelsah@lectydd adayl fRAS EheQﬂ)‘ﬁsﬁ% td BéplSPRRITilaNchtitbRadithd user
in accordance wth a position of the spear e diffuser, and the tar et

t i ssue tHgptatihgelacodaedmpisge p bogyand Mv@ @%’@crturgapﬁb? b%d}i i meghariieshlysouple
t hengaQo mefqal% Illt%gglr ge%%+§ El%ﬂ%fethg %@a%len?r Tﬂ' Ml? atftera Iﬂ%mgﬁ/ a' | abl e
Ni Ath, ‘an el actrode 1 aunc provi et ovides a

cur r entmdchaiic#llysiogprk tigeielad ae thﬂgEOUHh: s‘eh@dtmmgeﬂre siﬁb’;ﬁ)r’@d@@alhe peRerator is
not part of the electrode. The current inhibits voluntary novenent by the

t ar get SPTERES BF cpirendEom Hefilasntdo Blomyin Partdhyeygh ﬂlﬁerSte?UHFtluf%@éirm brlacdody

i ncl udeg Ao fleWelshaRaiti,pn wWith reference to a direction of flight of the
15el ectro t(gz\/varocdﬁ1 ﬁé target. The spear is nechanically coupled to the

forward por f]Thmd oflelbgment unit provides a current through a target, the current for inhibiting

25  voluntary movement by the target. The deployment unit includes at least one electrode and a
propellant. The electrode includes a filament, means for mechanically coupling the electrode to
the target, and means for focusing an electric field. A conductor of the filament is electrically
isolated from the means for mechanically coupling the electrode to the target without an ionizing
voltage between the conductor and the means for mechanically coupling. The means for

30  focusing an electric field is positioned a length of a gap of air away from the means for
mechanical coupling.

In operation, the propellant propels the electrode toward the target. The filament
provides the current to the electrode. The electrode is capable of providing the current to target

tissue via the gap and/or via the means for focusing.
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body. The diffuser is nechanically coupled to the forward portion of the
body and positioned a | ength of a gap of air away fromthe spear. The

si gnal gewenatian163s el ectrically coupled to the diffusePCT/US2010/04296N
operation, to provide the current to the target, the diffuser is capable of

el ectricall o} [ : o Viaad A0 [ o] (. : i's
capabl e of ?Ségﬁi &Jn(gépg%%n?agl? ﬁ{oﬁlg{egg Cﬂﬁ%ﬁ%@@%i@gﬁ %lﬁ,%hgﬁllcljt%}sﬂg}apa e of
coupl i ngluneary arogeinent pstie tasdth The de@aymeit. unit includekemntdast anersbichode argl a
performed by a _depl o nt unit for providing a current through a target.
The curPF‘é‘??ﬁa?tnﬁﬂﬁie%eé:YW ¢ oiaeye F}g%_%ﬁtat BRPY S HEAPER oS RGBTl udes
in any RrAGEhGMes Ari&hanit@)coRPIARE I RBe. 2Ph EheGlh RAE Rblih N SrfeRt Qyment uni t
toward a target; (b) 25positioning a diffuser and a spear of the el ectrode

in 6r rbatridaly gelated Semeahe Bhadefityvithaitianadninigg aoftaget@tweqnahe mpphapical he spear
the current. Eleventh, a nmethod is perforned by

via the diffuser to delivyer
a depl GOPREHIS SLS&WFW?WE%F\&%%‘?%@ a current through a target. The current

i nhi bits volihapahdodTRiErBpa1IaRY plopels iR dedtrodd ey 4ra tho@rden CTMd@Sctiddeany
practical order: (a) propelling an el ectrode of the deploynent unit toward

a t ar gerovides thpewrtent Fetaglt Hsgetvia ¢ pith freapbaspigeding sEudteiede thefmeghgaicsl,
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provides indicia o very of a current through a target? The current
i nhi bi tdevieelinchidas y sivnelegpantatdryfot previdareghe curfde. Fhedeéployecitnaituntdsdea abody

and a spear. The body i nc)ud a forwar ortjon wi.th reference to a
di r ect iTOMMEH PH FRsHY ccljouenah Fheten decrsuur ol e g eenREOL Sl
”EQB?” iefclrbde. COMPLIESdde iﬁJP@de@ ‘a‘iﬁbdﬁ Qﬁ’d Q%‘ib.e nds b_B&’;F WA Groffark %rtﬁfnos{q‘{@r d

portion of the body. An insulated wire nmechanically couples the el ectrode
t o a soekeracofo & diecction péflight bbibalelehwadd togyant the hargel e pipodtands fawhot efat | on
of the wre. The wire,is chanical Iy coupled.to th d An _end. portion
o tno i f-EvasEnt” Fan Sa BUR pF Ber T Baet Pak ot hoptty PO

I nsul atefwh thd@rivhid§os@icatthatifs ThO el F&itibh prdvidk thedfurfeRethediich@Rd tak g,
ionize air in at |least one of a first gap and a second gap. The first gap

separ at es a dBhdudandeynednt ROk peovidas @ current thipageh paareet. fihe cyaerriohigip
separa conduct.qr t i - l.onjzation of .airl, | | ther
ooB" B PR L B, THESto PSS LA LR B i L Bl e
conpr i prsyglidefthe sRtirade tofvatdie wirge. The electrddeeinélod&goiingede adidapt faan

di scusses preferred enbodi mrents of the present invention, which may be

change® BHnsBEIHIBeN P thiGlacUadparpeang forrloseion desdesedeinte Hie thieek apd 2
I nvent 100,88 spreading the current in tissue of the target. The filament conducts the current to the
means for spreading. However, the means for binding is insulated from a conductor of the

25  filament without ionization. Further, the means for lodging is also electrically insulated from the
conductor of the filament without ionization.

In operation, the deployment unit receives operating current conducted to the means for
spreading. The means for spreading supports a path by ionization to the means for lodging to
provide at least a portion of the current.

30 Seventh, a deployment unit provides a current through a target for inhibiting voluntary
movement by the target. The deployment unit includes an electrode and a propellant for
propelling the electrode toward the target. The electrode includes a spear and a diffuser. The
spear mechanically couples the electrode to the target. The diffuser is positioned a length of a

gap of air away from the spear.
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15defined in the clainms. Exanples listed in parentheses may be used in the
alternative or in any practical conbination. As used in the specification
and cl ai s 20h@01w35ds ' conprising', 'including , and 'ha&egirng2o0i0ng9ezuce an
open ended statenent of conponent structures and/or functions. In the
speci ficati ite
articl es meﬁl ﬁ&gtlgﬂﬁgﬁég@ffugé}gmyw%s* r(r)e?l'?t ro@@at}ggﬁa?géﬁnf gcc%?dan@?@zflt!hg
descr i pookignn of Eheepedr aap e diffase? Gelatineaditaeattssaf. THeeliffnwe vt pponts henieatioa eif

described, the scope of the inventjan js intended ta measured by the
cl ai s 24<h & 2ot ﬁewswemwemﬁ?@ﬁ%g%}weiﬂ}agffz962 CLAI NS Vhat is

claimed is: giohh, anlele(froggEHc@LYdE?QTs &b § QIFFREOVIHH dMLtRdE W fof unéHif ,
si gnal genera%or t hrough tissue 50f a target, the current for 1 nhibiting

vol Gnt dewamdoveoeded byget heprosidgatcurrehiethchaigh dgﬁnterget where thooprens mhgaltsa

filament, for conducting,the ¢ ent.. housi.n i rst .end of
Lhe 1 alaRtey SR CEEA ek Bed ThE iyl § PoRliRte D Bhah s 3R ol 4tk 4O
housi nghd §kr. I TheQRATRE ipfIVidts IREEFrdnbthrél V%\qhé REEt 3R 160Nt dTeh e 41 t O
deploy the filanment toward the target; erein the el ectrode conprises a

body nélshdiffuscilin yeondpprewitha Hoﬁélofllolf ﬂm@@afn@@rdlféusf}é@@ﬁ dheetaepebfissup eclative
filament eacg JehdrStrng td{f‘f'us%}‘{u‘iag&héfop{r%ﬁ{i‘l? D SRl e g%’ts’%h@@yi{‘%er'?gs?%a&cg tphgffor

t arget; ructure, supp
spreadshd herepuisrmbbvdilabm the filament to 15flow in part thr ough the first
structure and in bal ance through the second structure. . The

depl oyment WPt &t cleptErdater pnhingionarha preidediareclRrpyie e @raf@ﬁﬁpmsaes an
el ectr ' @las en'eﬂl%&ltﬂltoﬁg’h rtHeptar et T}}el sr %nal Egnegzﬁ&l 19¥1 t&ﬂhé el% r&iea"l"ﬂejcuwgﬁr ein

the fir ructure c nprls esi stance greater than a secon
r esi st amdbitofoltiterysecwmekns by th'ettallrget. The electrode includes a body, a spear, and a
diffuser. The body includes a forward portion with reference to a direction of flight of the
15  electrode toward the target. The spear is mechanically coupled to the forward portion of the
body. The diffuser is mechanically coupled to the forward portion of the body and positioned a
length of a gap of air away from the spear. The signal generator is electrically coupled to the
diffuser.

In operation, to provide the current to the target, the diffuser is capable of electrically

20  coupling to the spear via ionization of air in the gap, is capable of coupling to target tissue
without ionization, and is capable of coupling to target tissue with ionization.

Tenth, a method is performed by a deployment unit for providing a current through a
target. The current inhibits voluntary movement by the target. The method includes in any
practical order: (a) propelling an electrode of the deployment unit toward a target; (b)

25  positioning a diffuser and a spear of the electrode in or near target tissue; and (c) activating a
forward portion of the spear via the diffuser to deliver the current.

Eleventh, a method is performed by a deployment unit for providing a current through a
target. The current inhibits voluntary movement by the target. The method includes in any
practical order: (a) propelling an electrode of the deployment unit toward a target to impact the

30  target; (b) responsive to a force of impact, positioning a spear and a diffuser of the electrode
relative to target tissue; (c) in accordance with positioning, providing a current through the target
via any combination of the spear, the diffuser, a first gap of air between the spear and target

tissue, a second gap of air between the spear and the diffuser, and a third gap of air between the

diffuser and target tissue.
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204. The depl oynment unit of claim 1l wherein the second structure activates

current flow through the first structure. 5. The depl oynent unit of
claiml owo2owiaiesn the second structure conprises theprseaspaloomdedf the
filament. 6. The deploynent unit of claim1l, 2, or 4 wherein the

second end OIfwetlﬁﬁ ! e!le%%?é E#OZ}C%? Wdrugg Bg ?el%‘é%off d élﬁ‘}eﬁlt‘&ré% giﬁl(s)a;ta f ';Eﬁeu re.

7. The depl oynent” unit o erein a por e first
st r uct wneemdaliibit vélhetasemonanait by chaxapet. STled dedtrdde ahdlydeis advdatedia kpaam t he

first rycture to encourage spreadi of current away fr the first
St r uct . DOdY incluidgs a%&%@%@fé}yﬁ%?‘ TEH§TnCH 10 & HAFAHOR b IS Rh SIS ISRt he

second t&W A GhdHafoct OTRE ip%%m%&?an?c%ﬁ? @Qu;ﬁ&dto%e lt)ct'&?y dnkleRPRBE for@RW of the The
second end of the filament conprises a conductor that spreads the current

f r om t Herwairdl pomtioth of thefdodw iAm iparated mireugdrhtmealfyi qosiples threugdtamrode end s@wegyoff r om
t he second structure. . 9.. The deploynment. unit of claim.l,. 2, or 4

whor of T fhTeb oL Bearing oh s Wite HRRET Bl TBHOT Rbetviteg THSRHEVS Spr eadi ng.
WO 201%&1‘1_&1@3&%}9@3@&@6%&?.6An end portichbf i @RIeAINBIM ard ¥Vt theoforwhai m 1

or 2 wherein: the el ectrode further conprises a third structure that
spr eadPoeigradiihe PedymAhmslatoarbie wise emicefitypsgsan; shecag fielfl op etduarens tost
struct ' art f T hir tr re_and . i- G romt.h ond
St ruct dp B2 Se BPL ! 3R Gt CpdaoB WFl o T e 80 RRAR ] £ RGP

i nhDbi tthé)gir¥ Glodntha kyedtD ThEBdond gah bepatatdsghé conductor frothltargth@ssdepiopyness uni t
of claiml, 2, or 4 wherein the second structure conprises a diffuser.
12. Thefaispn sihasgap.unith respltipg Aeah proyideingicdy eff delivay of decoridrest fRIBRITRS

conpri i that activates current flow through the first
struct Eir%g).rﬁla&&%m%%ﬁ{%he depl oynment unit of claiml, 2, or 4 wherein the

second st r uciheiferegoinpdeseiptian distsseprefearp cindodignents éfgh¢ patent aowsesn,cur r ent
flow n%vl}ighr rcl)llég Ige Elt]zgl ggcli ]:)I Hl%g{fied without departing from the scope of the present invention as
15  defined in the claims. Examples listed in parentheses may be used in the alternative or in any
practical combination. As used in the specification and claims, the words ‘comprising’,
‘including’, and ‘having’ introduce an open ended statement of component structures and/or
functions. In the specification and claims, the words ‘a’ and ‘an’ are used as indefinite articles
meaning ‘one or more’. While for the sake of clarity of description, several specific

20  embodiments of the invention have been described, the scope of the invention is intended to be

measured by the claims as set forth below.
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14. The depl oynent unit of claim1, 2, or 4 wherein the second structure
conprises a diffuser conprising a tip capable of piercing tissue of the
target. MOR0Ta1edepl oynent unit of claim1 wherein thePsgasaaossert ur e
conprises a diffuser that spreads current in a non-uniformmanner with
reference to the first structure resulkﬁg%ghQ a plurality of hot spots of
current density in tissue of the target. . The depl oynent unit of claim1l
wher ei n t he Weatandasiiaduiet ure conpri ses a di ffuser that spreads current in a
uni form manner with reference to the first structure. 2017. The depl oynent
unit of claim1l or 2 wherein the second structure does not mnechanically

coupl e the gl ect rodg,5fnddrsaH oY rot ol @Rht from a signal generator through tissue

5  of atarget, the current for inhibiting voluntary movement by the target, the deployment unit
comprising:

a filament for conducting the current;

a housing that retains a first end of the filament;

an electrode in the housing; and

10 a propellant in the housing that in operation propels the electrode away from the housing
to deploy the filament toward the target; wherein the electrode comprises

a body mechanically coupled to the filament near a second end of the filament;

a first structure that mechanically couples the body to the target; and

a second structure, supported by the body, that spreads the current from the filament to

15  flow in part through the first structure and in balance through the second structure.

2. The deployment unit of claim 1 or 2 wherein the first structure comprises an
electrically insulated tip.

3. The deployment unit of claim 1 wherein the first structure comprises a first
resistance greater than a second resistance of the second structure.

20 4. The deployment unit of claim 1 wherein the second structure activates current
flow through the first structure.

5. The deployment unit of claim 1 or 2 wherein the second structure comprises the
second end of the filament.

6. The deployment unit of claim 1, 2, or 4 wherein the second end of the filament is

25  directed away from the first structure.

7. The deployment unit of claim 1, 2, or 4 wherein a portion of the first structure
nearest the second structure is electrically insulated from the first structure to encourage
spreading of current away from the first structure.

8. The deployment unit of claim 1 or 2 wherein

30 the second structure comprises the second end of the filament; and

the second end of the filament comprises a conductor that spreads the current from the
filament to flow in part through the first structure and away from the second structure.

0. The deployment unit of claim 1, 2, or 4 wherein the second structure is

deformable on impact to improve spreading.
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10. The deployment unit of claim 1 or 2 wherein:

the electrode further comprises a third structure that spreads current from the filament to
originate in part from the first structure in part from the third structure and in balance from the
second structure; and

the balance of current by itself is ineffective for inhibiting voluntary movement by the
target.

11. The deployment unit of claim 1, 2, or 4 wherein the second structure comprises a
diffuser.

12. The deployment unit of claim 1 or 2 wherein the second structure comprises a
diffuser that activates current flow through the first structure.

13. The deployment unit of claim 1, 2, or 4 wherein the second structure comprises a
diffuser comprising a tip that focuses current flowing through the diffuser.

14. The deployment unit of claim 1, 2, or 4 wherein the second structure comprises a
diffuser comprising a tip capable of piercing tissue of the target.

15. The deployment unit of claim 1 wherein the second structure comprises a diffuser
that spreads current in a non-uniform manner with reference to the first structure resulting in a
plurality of hot spots of current density in tissue of the target.

16. The deployment unit of claim 1 wherein the second structure comprises a diffuser
that spreads current in a uniform manner with reference to the first structure.

17. The deployment unit of claim 1 or 2 wherein the second structure does not

mechanically couple the electrode to tissue of the target.
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