WO 2011/011635PCT/US2010/042962 ELECTRONIC WEAPONRY WITH CURRENT SPREADING
ELECTRODE FIELD OF THE INVENTION Embodiments of the present invention relate to electronic
weaponry, depiyiehd UeitS, 5and electrodes used in deployment units for efentrosiciweapanry. and to
methods of providing a current through a human or animal target via at least one electrode having a
current spreading capatilig TRASKGREUNINRFY THEHNYRYEHQNSRREAmyBtionaleleatpric
weapons launch one or more electrodes toward a human or animal target to deliver a stimulus signal
through the target to inhibit locomotion by the target. A thin wire couples a signal generator in the
electronic weapon to a launched electrode namm@cﬂrmm DEYENEIRget. The signal generator
provides the stim r C&R a the f| ament(s), the one or mare electrodes and a
return path to con%z%%g?e%é] wc%??tqgﬁe reltounrrr\ega htorﬁ}a)% bn%ﬁr‘gﬁ%%onrgrt% QB TBESh a
second filadfisht gFiEPfs ctredi e Eolertivnalelfutrdeits siewnaneof aoddmmmbmiﬁamémabsﬂm@ have a
sharp barbed- i ASEUAe RAMIRIN A PRSUBNIALGRIRIAGR! {88200, lolhing, Skin)
Consequently, relatively high field strengths and current densities occur at the electrode tip
convention§F 4B de is assembled by ins,rting a sharpened shaft into an axial hole in 20 a forward
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 bod A portion of the body, tying a knot in the
filament, and pulling the knot into the opefrportsrrotrthe-boed SENAASHNS Weapons may benefit from
an eldétrode that @msetasmhmammma;amwaherofmm&dewrsemwmaI&@iﬁ@d%ﬁo the
filament, a f| ament ng assembl DESCRIPTION OF THE
DRAWINGQJSM%ut %rg%?%%}? t%legiprélégﬁﬁnl#v%r g@ﬁ%et??e%re%én% % gre?g}mh%bt% eatuing,
wherein liké:dasigrisgieriplie noignikesienienis, thndiectronic RSk is a fumcﬂmaltﬂaoﬁadiagram of an
electronic WeaReR-aGaaHag 1 d/aHaS %@ﬁﬁﬁﬂ%%ﬁ?opé‘?&? ﬁ%&%@@%&%ﬂlis szt B dunctional

block diagram of an electrode of the electronic weapon of Ci§a cflagrém Fustratlng

placement BF&thii s AR R P80 SRS derindescajseerebaRsh fiesampMon closed
2011/1511630B\ET /2040104296y be through earth and/or through a second filament and electrode.

Conventional electrodes are made of conductive materials and have a sharp barbed tip to acquire

and remain in a position in or near a target (e.g., lodge in clothing, skin). Consequently,
relatively high field strengths and current densities occur at the electrode tip.
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;



FIG. 1D'is a schematic diagram of current paths illustrated in FIG. 1C;  FIG. 2A is side plan view of
an implementation of the electronic weapon of FIGs. |IA and 1B; FIG. 2B is a cross-section view of
the deploymen? O3 lectronic weapon of FIG. 2A: FIG. 3 is a functionBE BB A of an
electrode of related art; FIG. 4 is a perspective view of an implementation of the electrode of HG. 1B;
FIG. 5 is a side vidiFof Ihés elseirsmsiofiagam; OF rerrenispathsalsssataibin ¢hd €lectrode of FIG. 5;
10FIG. 7 is a side migw2afia patiamafitheslectnpient i< fondeliningyatys dinensional
relationships; IG. 8 is a side view of a portion of the electrode of FIG. 5 after providing current; FIG.
9 is a side \?i‘é% f a portion of the electrode of FIG. 8 after providing additional current; and 15HG. 10
is a side view of afiGItBioh arsihesdiivplerseniptierigfiieelrciads ofeRc bR RRIALEP

DESC IPT, F THE PREFERRED EMBODIMENTS An electronic weapon, according to
varlous aspects of the present invention, delivers a current through a human or animal target to
interfere with Iocoﬁi@‘ti@riswfmettangemm 2Rignporifinh elasswfaleedtawiC aeapons launch at least one
wire-tethered eIecpnggng;?eg Laec%%q/?&vorf%fmb towa %atg }get to po |t|<%r%]t ectrode in or
near target tissue. A respective filament (e.g., wiren WI or Wi ou |nsu &l onfj ends fom the
electronic weaporﬂ@e%@rﬁélé@ﬂ’weCéttﬂfﬁeetesr@eﬂb@ﬁ@l@r fnore electrodes may form a circuit through a

target. The C|rcu|tmp@u@@gﬂgssggpyyﬂsoglg@@lle&p@dgge%@ngy include a return path as discussed
above. The electrgnic Weapon provides a stimulus signal (e.g., current, pulses of current) through,

inter affa, the filamiet, tAbAeRSEHaeRs Oéﬁd’ﬂ‘i%%?ééﬁ@ﬁ?ﬁé‘?f@réf\ﬁ&ﬁ I&é@ﬁ@ﬁmﬁnﬁy/%ﬁé‘%arget
|nterferencelmeiudmam‘auﬁmhﬁp@luntary contraction of skeletal muscles-to halt voluntary locomotion
by the target and/ S am to the target to motlvate the target to voluntarily stop moving. An
electronic weapor{9 f%%agerdl %18 o Vario %%%%@Btg 6??r?eeﬁ'fr€§§rﬂflﬁg{}@n§|8ﬁem’é?/" g8 launch
device and one oﬁﬁbﬁemeldctepiaue&kﬂ@@i@pkoyﬁiﬁmhmtsdEaﬁHIdEQlaﬂmwéﬂﬂihgﬂﬁ)ﬂiﬁ@ﬂdﬂe
expendablec&gegw sipgle 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 fil@ment and E%l&ts@dedamea\spﬁmanmaﬂmmmmmem of the ditameiat ol AESotBer end
of the filament is at least mechanically coupled to the deployment WO
2011/011635PCT/U82010/O42962 unlt and/or the Iaunch deV|ce (e g one end flxed within the
deployment unit), genera g He! 212 D

discussed below, megbanieal ﬁ@b&&lm9168&361"1@&{5'[@5%&1@%Uﬁ%@i%k’}ﬂe@@ﬁbﬁ@%&@ Q@l\ﬂfé?s%nd the
target prlor to and/or d rmgﬁ eration Hc%x(f%{éa%ﬂectron|c weapon. A launch device of an electronic

weapon laSHeRas Wird38 LaratEee AR locaBioR & b #85ardha target. As the
electitle tumzeisanmm tfieltargeiicthe pleciiadeciaploys (@owipsiiehardangtb:eitilane ot a wire

store. The § ent i gs e rog After au he f| ments ans (e.g,, extends, bridges,
stretches) a%{gztan&é %gortn tﬁg auarllrt‘f'r% OSI rfgé)’ 8#8% 15aeyehe Egﬂ §g‘l’i§j§ﬁ8d41r88rpﬁ8téYatarget.

filament (e.g., wire with or Wlthout 1nsu1at10n) 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
2



10Electronic weapons that use wire-tethered electrodes, according to various aspects of the present
invention, includ® henehedgsdevices, apparatus fixed to buildings or vehicles,aadsiaRglalons stations.
Hand-held devices may be used in law enforcement, for example, deployed by an officer to take
custody of autarasly ARRaTANSTXGHIo Buldings or yebhi sed af security checkpoints or
borders, for example, to manually or at(Jté’maticarllly apqu%?ltr{%%%qa%ﬁ%%fn ]e.gttdlénﬁcf y% gﬁ%?%d%%u%é%ﬁop
intruders. SESRLREITTE Wiitis AemRiybacse thareleronia wemeh forekampied Aduseadshanitivhry
Cperations. Gapuagtiandalelagiiosiecteapens,ieR asdiamadel K26 Ak aple caniil dauies and
Shockwave area denial lrjﬁ{}n marketed by TASER International, Inc. may be modified to implement
the teachingsu orEne eﬁ?@é’@ iWeﬂﬁSﬁWr‘éfﬁP@é’fhg the conventional deployment units with deployment
units having electradesnak 20discossedibarei: weapi BlesHIRAS: RGCOFIING 10 VARIQUS AsPests of the

present invepti vides a mass faor launching toward a target. The intrinsic raass of an electrode
includes a r%ﬁgs%ﬁt%%% Ol o Ac eF'f%%c@%éﬁ%% %?fﬁﬁﬁlsf@maédlm%\t}?éeewgﬁget.

at Is suticient to 1y 2
The mass olthle Blésgodelinciudesth ofi fssibat fissufficienttacd eei(engen il Lne il stry@yel, draw)
a filament frapeay ZmMirestens Lhemass ok t trode is sufficient to loy a filament behind the
electrode while the electrode flies tggvﬁarj( %ﬁé%gégt#%jghgnrﬁé?‘é fl)% efﬁgeesi)e%f%% e e% 8%/% ﬁw%‘*ﬂ% ent from
the wire stofE4ffiib i AlFTHEds eneallpatithnadimanaeahatatesfilament spans a distance between
the lauoch device Bré:thaelpaipede asitiengd at@dawet Hhadnass ohian slegiiade i%%‘t’s‘%%‘% '

insufficient to cause serious, blkmt impact trauma to a target. In one implementation, the mass of 30an
electrode isPITTHE PAYE B 26 S St dsrsrsr apRpb 38 Grhmiings arvelidlan dadbstwdes a
surface arealéor secaivingiamr-opelltyierceio popal theslestaderrmardremaiaunchgaas and
toward a ta@ﬁEengé(@%gttggthefglga%rec%de awag frgfgn the I%un h device is limited by aerodynamic
drag and resistance force (e.q, teRsion in {ARPRIARS B this YRLERS B ISl S PR RS a wire
store and pefhHgtiedthpeints behmdeaeloMO:2014/01 A6 RERT RIS RAAIEARG alecirade indlight
toward ta ti ode may,.be oriented toward a target.priar to launch.
Upon?agznc?g%glglf&dﬁ?r{?@f‘ﬁﬁ%rigr%%wcgg;a%ﬁg ) 8\95:3%%/8\%%81 %e%?asr%e@ oéﬁﬁ/vgae on of the
electrode oﬁ@ﬁ@%ﬁ%%ﬁ@t&é@%ﬁpé@éﬂ@d Ceaseati eralodgeisonic formdior swckimtaining e forward

portion of theceleletieslacuinmisiitoniartha st Fheagadynamic form.of 80 §leckiogg provides
suitable acc{lyjr%%éf%; hitting the target..  An electrode includes a shape for recelving a propelling

force to pro JradificseioAnyiapersithn eackinga ofihe Peerresposrtin dshape of a

portion of theplavinghtdevice:or sleplaspnsmdmitihatpiovidss,aprenaliing.foree o prapel the electrode.
For e%mplgi,sgg)sg g IiCrll,drAcaI electrode may be propelled from a cylindrical tube of a deployment unit.
During a launch of an electrode by expanding gas, the electrode may seal the tube with the body of
the electrode to adgosinshisiisuitabiding telerdtinnand motle meleityn Adea, inesiatshermdindrical
body may rgggeiMesUpStant 2 propelling force. In one.implementation, accordipg to various
aspects of %%ﬁgfrﬁens"é{nt inv&ag%%%uéﬁfg%%t%n e 15inc ugcfléls&ate %tﬁ%%?é’r?ﬁ%ﬁﬁ S AR AT Bb Sy 10
launch, thefb{ebhsa @@%@%ﬁm@gﬂﬁna from a launch device to a target. The mass of the electrode

includes a mass that is sufficient to deploy (e.g., pull, uncoil, unravel, draw) a filament 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

3



substantially cylindrical tube slightly larger in diameter than the electrode. A propelling force (e.g.,
rapidly expanding gas) is applied to a rear portion of the tube. The gas pushes against a rear portion of
the body of thewteetiageitospropel the electrode out the other end of the tulectouwsandoaizaget. 20An
electrode includes a shape and a surface area for aerodynamic flight for suitable accuracy of delivery
of the electretietactossia disiange towad a target, for example, about 15 to 35 feet from a launch
device to a target. ﬁr} electcliode.ma% rota%je in-gight t%Fro_\/ide Cfgin sCtﬁbilite‘%i fIi_%h% ,?\n electrode may
maintain its pre-launch BARMSHSH il H S TRFGEPHUMNY RURCH HTHE freshBr R sad Rith Y PSPyet.
250n impacharieledimdemaylimkcheni dalliacotpleviccadarge thitegrarticalccwaplipgtinclotits
penetrating {aeget sissHe,er clothing. iEsting.removal from, larget issue e56lothindifemaining in

contact with a target surface (e.qg., tissue, hair, clothing, armor), arid/or resisting removal from the
target stirfad@rEH BREE el s ket rRgd0Y et G I SR d T o RIAR I GasHI AR eSS Ry,
encircling, agheitng,sanedey Qlaingy Ast alegtsade raggording to various 30aspects of the present
invention, may inclyde structure gfe. ., hook, barb, s ear, glue arr; 0 le) for mechanically coupling the
electrode to a targell%1 % P[?ét%lrréc %cr%éoau%)l?ﬁﬁ far%%ﬂ? C[)évﬁréTrEé e %%@I{%gfﬁ% 5 FQ@%%%‘%&}%\Q, hair,
armor) on aricowdrastarkate/oflmpargetn lflestredenplormentspion @re elaptrotie invlodes theslenrh(e.g.,

pointed shaftad fRIoflfanaenRatG IslaRl Glathing ApdiRCdisshie s SRAALEURNIS IR forward
portion of the electrode for 4 WO 20111011635PCT/U52010/04 65 mechanically coupling to a

target. ffhe SrednmisliAlerierdarparb sy oneled Sing ey LditthigrRE A SR RERRY ey SR8 Rthe

electrode to hadRigfel electBieaipektpaelispesinnitaltveouplede aditabaentiehdeployothaeilament
from a wire sEoggOadnq to extend the.filament {rom the launch de\gge tto tﬂe tar{gdet. mecq%r&ical

. [& % ? %F.c%o 1Sh suitable ]@.FCC cration mulzzl% vE Clny rear race of the c rical
coupling may be established between a filament and an eléctrode irrany conventional manner (e.g.,
threading thédilamentatriveghbatéislelin 4hefecproge g ksetting the filament to prevent unthreading,

tying the filament ina,k0ah 9.2 ARLHRR, QLRI LIS HrOAR. 9 P ther ilRPRBL IO NEGISCUR AR IRIRING
(e.g., welding, soldering) a conductive portion of the filament to a metallic portion of the electrode).
Mechathical &5Hsifig ﬁﬁ%ﬁﬁ‘&*‘%ﬁﬂ’rﬂﬁnﬁ%l%ﬁén? HAHAAPBRS R Ba & SevRts SUIRtIAReEtRAgth to retain
the couplingsdusingintigniyiaciice), abektigHaynae thiriignauneinnafieeladines, dupingdmniagianical
coupling of tpceoelectrcﬁd% );toagdtgggo%tg}and V\ﬁrili@tdeliverin&% gtj}m&lléjﬁlgég%etgag tgggeest.a Aacl:cc%rding to

various aspect%'ﬁ]@ﬁ%eypr entifven ibsna,p Uitable mechanical coupling may be ccom[ﬁls?nsea by

confining theilapaeitminighsdeibnobtinelettoto tiepipelakampteodonfiningathportionichetebilament in

an interior of$he-gleetrede. 15Confining may include enclosing, holding, retaining, maintaining

mechanical coupli:‘fg, and/or resisting segaration. Confining may be accomplished by preventing or
0

resistiny movemenfBFETSARLRFOPES B PaReiefing iRrS it FREAaTAGTBriTd iR ¥nT 2 Biscussed

below, placingcthacfilafdeiitdry afi it eiietratel afixingingpeatoouead tharye fiorctnope | atplerme rdation
contines the flamept o e IMeliQR. 20N lesirade fadiliatss. astieal ouppg.ele fayneh deviee
and the target. Tectrical © Y °© P
stabilized flight. An electrode may maintain its pre-launch orientation toward a target during
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 coﬁpling 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
4



coupling generally includes a region or volume of target tissue associated with the electrode (e.g., a
respective regkinFor@aeéselectrode when more than one electrode is usedp@wosrding4mazarious
aspects of the present invention, one or more structures of the electrode accomplish lower current
density in thedegiealbr aalping eompaked T Psihar Slestiades barb homerebiglasl ogerslegtrical
coupling mt%g inclﬂde, lacin thg e %ctr(ide in,contact with target tissue and/or ionizing air in one or
more gaps BeRNSEATHE ISHIAH 8L EE CtRa"adn I8y ATRtSSlit, the filament, the electrode, and target
tissue. For exampie, deplastmentccianicelbotrogetvitharéibpeaitto ddplkgethinfitamsntt&dma gagpe of air
petween the.slestiagde auttie ol et pciicalaaunle (he gleaiads .00 dargetunt
ionization of the air in the gap. lonization may 30be accomplished %ﬁa stimulas signalt tificludes at
least iditialpas e kivelipingharphege {itagerbodia % e000dolis foy cneventivord mapshéving a total
distance ofyabouihong.REh-AIIRFINNA! IRALZANAR D& BIRCHRAG FRMAIAR BRRIUGAY FouRled to the

target while the stimulus signal supplies sufficient current and/or voltage to maintain ionization. An

electrode fBRTERGIRE SYHEHIRS AHEMET R AKERIAA RIEEHD AT ChTElEsERIacEsimGa Sl Lono Ly

635PCIAT §26:640 42963 vy ioUs aspects abiieg Presanhinve piemb e iarasthefupclivragiscussed
herein. For exampl an%{ﬁof elegot\r/gg%i 142 160,1236,, 238, 400, and 1018 of FIGs. 1, 2, and 4- 10 may
be launchetf St Y66 %owa énféii% E0Y5 B ARTIUAS CREIPS AATTHEGATERE f5 ploiaeea
stimulgs sigil shiticight e tath . rofaie cheoriaphiag o dOM afuf €urk,ipabideddannslidevidenhds) and
deploymentini, 139, Lanehdeyice 110 neludes yser contols 142, processing gyt 144, power
supply 116, and signal genérator PI8" R ohe fmplementation, atinck device IS pa&a‘ged ina
housing._TH@Thdulsﬂhg}may irtehgdle Armedimnicakandselestrisalfifiterfasenicnecdepioyniehteunit.
Convent'0%@A&Jsﬁm%%%g'&ﬁaysgca%%ée{pﬂgﬂgaaay%Hﬂnﬁrp&%'ﬁﬁ&e%?m@smco%'th%chm'og'es

may be 10used except as discussed herein. A’user contfrol is operated by a user to initiate an

operation Gi¢fERRapoNCIIsRlC SRIOKNE EPRTEYT I thec Betriejen apdrtaer Iy heglsetrdsen user

contreks 11Z.armpackagestrrrarrielftoRiaHach davice 110 amneonuentionalyiped orudrsless
communlcatlon_tec%nolo y may be used to link user controls 112 with processing circuit 114. 15A

processing CHEE SERHBIE I angAfHEE AreshacramRIbe bP L ATBISBHBARY FRSLSHR. OB BB SIng circuit

may initiateldadnebnat Qne©Ehale eleatipdBsnBEPPBSHE g tIREr COMEOls APHORRSSHEBIEGHE may
control an 8Peration of a siggggggn rator to provide a stimulus signal, For example, processing circuit

114 receivBSH Sy HA AR BHF U L H oA FBIEE A PG R YIS Sh & RS B RS EB S BHATHER an
electrode didmprmvidéha stieniglkus signal. Processing circuit 20114 provides a launch signal 152 to

deploygnent unit QQe%JGEE@?a@H{A?&%?ﬁ%fc%u%ﬁ?n‘?'_gﬁﬁt‘%?aeus-cﬁr é:v%gﬁie%%e

e may provide a
signal to signal generator 118 to provide the stimulus Signal to the launc ectrodes. rocessing

circuit 114 $pesiingReeralonebidte nat srioroprobuss of tagetsmonstheirtdevitethasitemidms (e.g.,
processor praqraBpiRa), StRERsh P MEM UK AROWRE SYRRY (RIR YHES ERETaY L, QRS rale ARl qronic

weapon and'szo provide a stimulus signal. For example, power supply 116 provides energy (e.g.,
current, putdBS T ABAEH OB SRR EHERtioR: PIBRTIRE fHaAdusEnIts slgrEPdpasrerdlishly 116 may

further proyide RaNen {8 RRIAIRIFEESHDEVRIGHI dddrdiuseriepniralsdkacEor hand held electronic
Wea%%;s, a power supply generally includes a battery. 30A sighal generator provides a stimulus signal

for defivery througR e PEPgRt ROy FHICHRTR A e fE B RiAShs 1 SlraEadky esBRe ihply to
provide a sﬁfgeﬂﬂswigmd/baidﬁgiﬁgiﬁahhe&ﬁarﬁgt@ré%m (&@yedﬁﬂi&in@naﬂagaceh@rsg@egglmytyoltage,
e e YIS S D Lo s b g el & el
discussed 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
5



6 WO 2011/011635PCTMS2010/042962 above. For example, signal generator 118 provides a

conventionaltimylys sighal (e.g., 17 pulses per second, each pulse capaplerafdanwziasheadr, each
pulse delivering after ionization about 80 microcoulombs to a human target having an impedance (e.g.,

after loniz2ah oLARRLLARD RIS R EIRaofeR e RE digvmentinltd A0 a el tespaglve
filamentsv(%.g., wires in storepgifél). ignal generator IS eiectrlca(fy coupled to fillaments stored in
wire storeiyofdrstivdedus nterfaddtl 508, 4000 adploybrrfritlGnit (2gandattritiysasbglasitdifeceives a

launch signal tram &l aen e ARy iee.0dniiate.alarnehal Qpeahaare.elegradas Atkhaslimehis signal

to deliver through a target. A spent deployment unit may be replaced with an unused deployment unit
after som@ust b &icdrsetiodes of the spent deployment unit have been launched. An unused

deplgyment unitmpay-facouiied todhg laenehdawes iaemadieiadditonal @lswyadasigibestaunched,
A deployment unit may receive signals from a launch device tg erfg{gm the functi ns ?é :%écli ployment
0 b

unit via arHSTAER 1% S 4arHsIeS BRpIBRHEh: Urit 96 EIS S8 Hho 'S RESTE EBPRIdge - 134.
Each 15cagfiggededzod B intludes propebantiddAaome deviar é dléctradteseti4l aandsivige Store 140. A
wire store stores a filament for each electrode. Each fi t i e trode as
tiscussed 00D T o R e ST ot g L ELt B eA f U R A
Processirigecirouit tirduititintescasstivriveraohprepeitmil siaa, fodasshestied! cerbnapaioranatifeh signal

15215)r°p1%|éﬁ%§§a nggﬁ@%gfcmpre electrodes 1{12 tpward a target. Each 20electrode is coupled
to a respective filament in wire store 140. As each projectile flies toward the target, each electrode

deploys its respeeHye fiRbteHE GREFEA Wirctssie MBS HhaPFaretAohA B3RNidESThe Sittius

signal throughhe tareet ¥ia stinubesapteripeathOvnehthefitvmesitsicountgrdvgleciepaesi42. An
electrode, accordin%to varipus aspects of the present inv,eritteion, may erform one qr more og‘)the
Noio .0e

following FIHEHBREThIEHr T O TR ETHIRRY THESH SMERT 5t R e S TS B8 IR g the fildment,
piercing masarialinktisstecatrthe ta2geith odgiagiiy riateridlidr tissue of the target, focusing an electric

field,prior to Tonizatian Quhie CENAGIo a.tmue Hant fpmiaa srdenieadaath (g stmulus
current across one or More gaps, and spreading a current density wit respect to a region of target
tissue andiarecesiimpeisiianyst issae. BeFurheXample; BREettlgE dB0 GEFRITIIBMAFBEUEE) as an

implementation of electrode 142 discyssed abave dines.shoynand!G k& ustsalapahsRy which

current is conductedthrough a'target 164 (e.g., for ionization, for stimulation also called charge

delivery). ParowampletmEeestiies SHW Aldime slante o i m et TANTel dAriip B HECrStion. Current
of any conyepfienalmelafitymnelarities may-fovsin.aneermetesdirecions:an any-eidhe inesishown
7

20 114 provides a launch signal 152 to deployment unit 130 to initiate launch of one or more
electrodes. Processing circuit 114 may provide a signal to signal generator 118 to provide the
stimulus signal to the launched electrodes. Processing circuit 114 may include a conventional
microprocessor and memory that executes instructions (e.g., processor programming) stored in
memory.

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 stimmulus 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

6



WO 2011/011635PCT/US2010/042962 at various times. Electrode 160 includes one or more

structures 16433t bind«and deploy a filament; one or more structures 162 fhatpassharisadly couple
the electrode to material (e.qg., clothing) or tissue at the target, lodge in such material or tissue, focus

an electrig:field, ioni fi imul urrent: and one.or more structures 163 that
focus an g}{a&%{gic%‘%%g é%}o}ﬁrﬁ é?r%}%ﬁ%g pgt%E or%rtgl%{é §§ Sﬁ?r"eeﬁt{,} %lr?g sst,lpn%gﬁ gl’trhargéh‘f'dg%sity with
respect tPBlseyRsH Sicenerabudsanaebla vblonwingf targethissise dSbksnpplionvememuestinuhe
descriptioguglewe sHdatHIeS 4 8lmaha3-JHanghhpIMakin30mE INPlemaniations. A6 iigiragyto in the

singular as binding structure 161, mechanical coupling structure 162, and spreading structure 163. A

binding sPHEHEIFAECHREES WRp clenlny Bapaws F8P Bisitplitatnret o HAmena ke, oL TBaRTiore

propelled; and Wirdepeyingdhe il amenitea jaraatias discHrsed aheNen GaRvestianalymass, shape,

and surfaces may.be em ed. For example, a binding structure may have a substantially cylindrical
st1fnu 1 1n{ﬁ ac . . : . . .
mass, an interior with sur 5 that grip a filament, and external surfaces with suitable aerodynamic

properties for efffeiderilpyopuisioi ang,accuidde, fightine) tacgblesLs handihg ity mayhaclude an
nsulator geeaRsiekahieY ARG BAIHAS  rRYsRieNaNE SR ALY oL PIRSAG ADTGRNOR.

technologies may be used. Focusing includes creating electric field flx c?ensny. stricture for
focusing GeEetaly Sheh; derleyawaduetiveastacel headrigth relativesy denkillreatitiendf aftanstureosince

electic figid densi¥cisingreassd @1@%@& FHITRGES §€:H 1R RS GHYES uEOINGS N ArRitHEure for
cu

focusing may be formed of conductive matarial 20A mechanical cou\g[éng structure’has a shapée

suitable fOF YR IMe A stg e ieperirsardrn® e lesachrdpd ssplvmeHal suitable
for formingniomizgdeeaths anthicardhatingnstineis siopatsuirertMirn adhegiimisseddek goupling,
mechanicar! {:rgu%ggg structure may have a relatively blunt surface (e.qg., relatively large adhering
surface) for COtﬁI INg with material and/or tissue at the target. When piercing and lodging are used for
coupling, 25mecharisaigdy pleptp stnecturetrh3y inalvele relativehythiashdfeon #lin $haftEaith tips
sufient (iRt matefial ardial Uasienahinalagdet, (e syepidbat .. e meghapcal
coupling, structtre Is the only coné ctor within range ofl%larget ISsue %e.g., imited stmulus signal
voltage fof iz atisnstewreh dlapetties eacchisaiced coliptinglstneotunedhasicabiprduptingopaint to focus

electric field Hibutorianizalion BbaPathdpAprget tissye: Ltieast Dr PaIntQrimast.en allot e

30mechanical coupling structure may be conductive to receive from the filament the stimulus signal
(e.g., currSHEIR: driy porrsfiiciiddd thidughasiyeiarel B medunitt tes sapied swwisles Herein
called activatiensofriilel F1echapitaRheouphngsiEusLIEe. Moonduetive surfase of themechapical coupling

structure may be located fqr focusing 1o ignize air, in a gap to target tissue and/or focusing to ionize air
in aggbap t(er)T%%fﬁﬁﬁe%SccéﬁlT%S%é%? 6?%#3??0%%&3“%&1@5%%%%}az)LpbeAW@h projectile flies toward
2011/011685RCaEM320d0/0:629 62ptwpitiedrysheniteeimechanicdt eaupiingtsteuct0reSigositioned

against apg }gg gro{}fgj }8r.8ft electrode. A mechanical cou {in structure may rel ntﬁ1 binding
structure ’fpl[hof% the mécﬁérﬁ%gﬁec%th%ﬂ%gs %ﬁﬁagt?rreo}lrf &%eed‘%&rHeTa ion t%lrélﬁyu%ﬁrﬂee ?ﬁgngsefgn n %é]e
spreadingistroettrePupiadisr glactissige 1 A2mechanical coupling structure may include an insulator (e.g.,

a retainer Sportion, gfipRgd Ly dheLiRdINg.SIUClR.A SPANG AlSP AN A ihedisisingAnd lodging

25 more of the following functions in any combination: binding the filament to the electrode,
deploying the filament, piercing material or tissue at the target, lodging in material or tissue of
the target, focusing an electric field prior to ionization or while conducting 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 sin gle‘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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structures). Conventional metal forming, sharpening, coating, adhesive dispensing, and adhesion

technologies RgwPaHegss A spreading structure accomplishes focusin e&l%g%?aj&ggtggnitiate
IS

ionization and accomplishes spreading to deliver the stimulus signal through target tissue. Spreading

includes 10facilitating formation and yse af g current path for stimulus signal.current in addition to (in

parallel witah{)vzillr lC?Jursrrén %Saqﬁqfﬁ%ougeggbgﬁné{:ﬁ%erﬁggﬁ%u Cflrﬁgs%‘tlr;ﬁ%fﬁ%gl.géé%%ta%dﬂ#gaﬂ‘i%aﬁagg focusing in a

region or idlamreaobtergemiss seucued U62 thet etechrici fidlg fonpttethsityethatdyoutdacthigrgeise occur at

the tip of a.megNANICAl.COLRIAG AHAIHERLASRICATING.
ric fie

fucture ma: have any.shap kn%n In the art
¢ 10 [issue, Tocus an eledtric ffeld, and rorm
for spreading anelec roughout & region or volume (e.g., 15antennas, radiators, ionizers,

electric fiefd dPsérst§ats f9g pitardus saresh apthgnapp arete sy uAreisseHditps faserure dvstuddisidonductive
material anskmay fostbed jagludesinsulative raatesial sfor RxaRpIe danhibitianization fam Ladesired

o

surfaces and/or locations of the spreading structure. A spreading structure may pierce (e.g., embed,
lodge, impAISFtalEe f8(RE 2 BHTRR A RARSh SeaPan S PRSTRISCRITSHEN Sh i SBhirscTaRiiPe S8ty
technologigsuraybedlsert 320 Ui ifnvehie dhipl éorstagan, igrizatiandath mayinsludesmaterials
suitable foy experiencing relatively high temperatures. In implementation, wear of a structure
oo i e S S R NS RRHTE 80 OY SRR BUHTENEe i se and
recording extent &f bisding simuetesttodenaiephbynee atdiaitfzued for bkeotronichwe apofilaitm, farticular

targdl In \RAU3UPAIRM GRIAIOBSAGIAIPING K0uFich: &, AIMEIICR O o0 0 1O2Y-05. aniiipiemented

with conductivé materials and/or nonconductive materials Jsing conventional manufacturing

technologi®éye l2Ra s g uHrsehmmgb CrmpmgdstER Iy ARt ki dinh sting Leswasisiitg as needed

to supportseesauativkjandie desitehone Qi P eke Raths &R Chpent Ratbs shewrschematically on
FIG. 1B aq1j,a ent, to%a%%ap may be subsumed in structures adjacent to the gap. For example, path 171

in one impIGMASHIRh 32 ShPIERIE RTAcsEes (B dlicks T BaP 3ot end Stewara §&l Lestaigttinanother
implementatidimgrathchivd meyrespaids tha cendscmipostiongh spseaging RN cure B3 decated
adjacent tg 183. By ana aths 173 rld 178 may correspond to portions of binding structure
161;?§athsrr19%?3rﬁj Of%a%ﬁé%ﬂo){rér%?é%no%ﬁ %Op%ﬁ%rﬁl%a??f% r%lé%: C[anical coupling structure 162; and paths
172, 177, and 17Bomajnesiprbsntcpotimnsl ofttar jietdifsselproxmatettocgap$ol 831:82 amkt8Y

respectvel Balh A28, 0%, WO, 03O 1OSPCTIHS2040(042962, Inplementssl s g, porion of

spreading structure 163 that abuts target fissue. gtg175_ may represent a joint or abutting contact
between LIRBIHY Stinettied 1 artemasfresict sonpiity Srucdgesie2nmath As0wayedorrespond to a

portion of rpeehanical cruBing StruckiEe-462 thatahuts or impales target tissue 164. 5Both mechanical
g structure 162 and spreading structure 163 may cantact target tissue as represented by paths

iggp%lb?d 170. Pathd F8EFRIef EWHW%WS{H‘@B%RFBBﬁﬁé&qlgtfﬁﬁtgﬁ%ﬁ%ﬁféﬁﬁﬂmggdaﬁéﬁ%
consequehtingdiifigeanbetaanpths sh8Peand kifkrial sBuERANTSHaITMERSS pagy have the
Coroaing SIMCTOIS T8 HiA TRe LARABIty O FoFeBHRyt HSeabs Bk Ao eBping StRlifre 162 s
preferablystiasigrreaiantiior archrigely tobe vapalsléof. pleleingly tondudtivangonitire)fforechiatigal
cou g'tigrge S%%gtu{s&g? RBFOSLISHUR Q. R dEPAre AL INAN 8 ronductive ROrign of spreading
25  mechanical coupling structure may have a relatively thin shaft or thin shafts with tips sufficient
to pierce material and/or tissue at the target. In the event that a tip of the mechanical coupling
structure is the only conductor within range of target tissue (e.g., limited stimulus signal voltage
for ionization), such a tip of the mechanical coupling structure has a conducting point 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 ina gap to another component of an electrode. Such gaps may be
8



Either one or both of mechanical coupling structure 162 and sprending structure 163 m

ay 15be near

enough to ta(,ggtzgiﬁ&qggat a voltage of the stimulus signal may be suffici%&ég@&&g&%ntone or

both gaps 182 and 181 Paths 177 and 172 may simultaneously conduct stimulus current.

imulus

current consequently divides between paths 177 and 172. Whep more than one path of paths 165 is
formed, sﬁﬁwuﬁ%asvé%%lenf' G 155%88‘5@#&%88%&%%“&?{1 chgaige 6‘&36%%55&% fél © Due to
changes iidtieodnvifomarbatiohtiveuflinglectrace (eag sehyavetnehindithetelaaitodealdiar the target
with resp ] -Ghanging signal generator output voltage VA, changes in the conductivity of
‘?&é&ﬁaﬁ?@af’é@&%?ma $ ﬁse 11 éllxeg rert]anon aoe%%%)o% %&ltgl}%renteont tﬁe sgrx%acin strucggre

target tissue), one or moreof pat may form, , an rim ov

Imeqe.q.

uring a

series of plistssef Beiwti| s waehwmdpal coupl@apt1Bsrafeydbiyuddonated fetireendeiesirsde 160 and
targes 164,0t% anathers Bimplenenatian-aap 183.impsaiethwithim glestrade 100, An &lggirode

according to various aspects of the present invention'may have one or more binding strﬁcfhres 161
(e.g., morSHEH She FIANTBHOTS! Fatiahipariye sheperiagcrratiaavithssimslitoensigaatast sewimore
mechanicatbavlpling slivekiiesdl 62 (e.g., increased lodging capability with decreased depth of

piercing tissue), and/or one or more spreading structures 163 30 e.q.,. lural spreading structures
L PGV aH AT oA P Re SorRHih

Brotind the Shattdr e Si8alRHRk Hefin

. rPrea
symmetrically arrange

B Yor each of

several n@hgmbﬁiasapmhdgxgtruddte&) the stimdpesation tit gnenpbedchstSptudmnsistiols, a
votiage ValnimpressadanianaloepealoL i asin A lanentioh.and e eiinRah, Lo 7. The

return path may bé& through earth or througha second electrode{not shown) ana

ogous 1o electrode

160. Currgtehehy i SORIEIChISEdROIzhaE 2010 M xasstnoty Srargengedchydany one or
more pathscl@ReExemplano-patieRt Baths d6Raradrsaiibet inidahleslidMhenGusrent flovs ip more

than one path, the current divides among the paths according to numerous factors including the
aﬁb"s'ﬁti

physical dMENES5REBE dehaderddemas

Y RIRE SHEAA o OTRIA RS FIB R EPAPERPECL to the

target, anghthshartueof thetagetdesaredissdamaerered Mthesatling, £xpasest tssuad. FABLE |

Umqge P%ﬁ@cggalz,a;g 1a]fgr§, I;Onn\{lzrfg.g’ng eréttnpca 1@15) &%gﬂlﬁt on

gers, igniters, spark shaping apparatus). A

spreading structure includes conductive material and may further include insulative material, for

example, to inhibit ionization from undesired surfaces and/or locations of the spreading

structure. A spreading structure may pierce (e.g., embed, lodge, impale) target tissue.

Conventional metal and plastics forming, sharpening, and coating technologies may be used.

20 A structure involved in forming an ionization path may include materials suitable for

experiencing relatively high temperatures. In one implementation, wear of a structure involved

in forming one or more ionization paths is facilitated for gathering evidence of use and recording

extent of use of an electrode, deployment unit, and/or electronic weapon with a particular target.

In various implementations according to FIG. 1B, structures 161 - 163 may be

25  implemented with conductive materials and/or nonconductive 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  extendstoward 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



Gap 181 Binding structure 161 is proximate to target tissue 164 forming gap 181. Binding structure

161 is proximgte.ia sRieading structure 163 forming gap 183. Voltage VA @M@%MM nt to ionize
au in gaps 181 and 183 after which current flows through conductive portions of filament 166,

spreading: . 83, binding structure 1 ap 181, and target tissue 164 via paths
shown scﬁe %it{;%gﬁ]l?/]dg% fﬁﬁrf’i[%b%pée% Ségﬁucfu%%f é{a%‘afgéu BA ﬁsé%le(‘:o%ﬁﬁr}j gfﬂ%tur_e 162
lodges in tapgeicsicthmat foralingiempe1 82t feetargetiisding, Mechani6alaodupticigistcutatglif? is
proximate Jng SLYGE CHielin el VA s initially sufficient pize air in
gaps 182 ﬁ:lé%%ﬁter W%ghy(gﬁrﬁ%gnt g?ﬁg%gggg%%%é%%u@%ghgg%%ns (%‘k%lﬁm{%ctgfg , g%réladlng
structure £ PAPARECHIR@SAHRHEF d6tipling structure 162, gap 182, and target tissue 164 via paths

shows schematigaly afdiahidd dodplflslrlicaid (K 7afaap 83 Mechanicad £auRling sttughire 162
lodges in target tissue and éuptgeadingbghr)ucture 163 is located proximate to target tissue forming gap

183. Volta§&Ry AT SURRBRE b Age & iR 1 P8 3udeer (Rier EHERe Aows WRewSh
conductivetjpotionsiotfitasent 66 uspre adingqstiutiute B3 bgapdBRmestamigatlzooupling structure

162, and target ti 4 yia paths shown schematically as 171,172, 174, 180 and 167. WO
2011/011635Pc§/§#§§%§m7%25%é62§6 nigu DB e ARl b ek sthe § t%)élééj?l%tion Paths 180

and 170 NreehBiiickl eisupstipedétrledgran BPeRsdigessin target tissue and spreading structure 163 abuts
targaftissue. No\m‘ﬁimyﬁmaﬁc@w@%@&@%Qggﬂaﬁigwosgé}yé%ﬁ%gx! GdSpulfigigny to cause .-,

stimulus current to flow through conductive portions of filament 166, spreading structure 163, and
target tissﬁ@lﬁ%‘ﬁg\ﬁglﬁﬁﬂgf‘s 1%%5@@]?1.3’ designed and/or arranged to be capable of placing a

conductive portion of mechanical coupling structure 162 in target tissue to a depth greater than a
conductive portion of spreading structure 163.
Either one or both of mechanical coupling structure 162 and spreading structure 163 may
15 benear enough to target tissue that a voltage of the stimulus signal may be sufficient to ionize air
in 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 V,, 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

10



Paths 165 represent a set of paths intended to be operable for a particular implementation and set of

uses for an elggtadeAceRrding to various aspects of the present inventionPé:i‘. g%&lig%g &bove, a
binding structure 161 is conductive. In another implementation, a binding 5structure IS hot

conductive, consequently, gap 181 and paths 173, 175,178, and 179 are not ysed and may be
omited. ULl e B0 RN A RHER A BT SUAS & 2l RO Dctve
portions (el gblénsulten comechtdlive natesial fistnuste et able duarninkuldesmaletpthdgnascomplishing
piercing t g ' ' nd lodging.in,suich materials and/or 10tigsue; and includes
conduc:tivaei{(%%%iii‘%?nésGE %??@J%ﬁ%%% gc%%r%ﬁ‘étt:@ee%}é%gﬁg ) for ggggr%p%lsehﬁgeﬁ tF(())cLej’s?rllegpzfll)rsfi]’[é(fgctric: field
and formiRgaArieHen patherlrsseds g 1erpettandihérariprddmatone afspreading sgudtsre 163 is
not intendegk to-aneratelviih & SaRdd3ile.aiher structures of electrode 160; consequently, gap 183 and
paths 171 - 174 are not used and may be omitted. 15In still other implementations, a filament 166 may

provide current through a mechanical coupling structure 162 by direct connection or by connection
through a resistance (not shown) (e.g., one or mgregegistors). The resistance may be used to limit

oA ~ant

achanianl

cornlina..ctr
roart

cture 162 1n favor.of-unlimited-current. throul
A JTITT TORVOT T AT I IO O oT T ToTTotrTmoror
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Gap 182

Mechanical coupling
structure 162 lodges in
target clothing forming gap
182 to target tissue.
Mechanical coupling
structure 162 is proximate to
spreading structure 163

forming gap 183.

Voltage V4 is initially sufficient to ionize air
in gaps 182 and 183 after which current flows
through conductive portions of filament 166,
spreading structure 163, gap 183, mechanical
coupling structure 162, gap 182, and target
tissue 164 via paths shown schematically as

171,174,176, 177, and 167.

Gap 183

Mechanical coupling
structure 162 1odges in
target tissue and spreading
structure 163 is located
proximate to target tissue

forming gap 183.

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.

ha

be implemented as a dGHBAY SR ©Bnductive portidn of a
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5In another arrangement, e.g., FIG. 1C, a spreading structure 163 is fixed adjacent to a mechanical
coupling structure 162. In such an arrangement, after lodging of a mechanical coupling structure 162
in other tissu& ShidtHtHLEkin of target 164, a spreading structure 163 may Al % ént apart
from target skin by a gap (GAP?2) containing air and/or target material (as shown), or abutting skin of
the target Eﬁ‘ﬁ%ﬁé’\ﬂﬁh)?@lacement@@?iéoﬁi@éhhnical cpbupling 10strudtafe &Rt preading strugture
163 are hergin,dekned by|the location of a respective|conductive portion of the mechanical coupling
structure ip@g_g;_‘?;;gadinr structure 163 that is closest to the under-skin tissue of the target. Assuming
>

that the pdrath oF &t charlieadBinshsg@tirure shoWR IFPEIGE 16l REe EHEGRIGE: rAskeRHEN Bt not

connecteditmofilament 166, aftenieniapgoaisdnia gap (GHR Jfromspieading strgetbre:d 63ue
{; (GAP2) frrgri? s%rﬁeading structure 163 to

mechanigal coupling strucutjrec 162 15an%ionizing airin a %‘1

target skin, current flows sifTARESSK BEPTatAted QR HRPAI By EEVERPIJUBTBE FOMHRRE 1n still
another arrangement, a spseading dtéGciure makes contacionithitfiigattisste. sphisiarcangement is a
variation iof FIG. 1C in that@ n{éation of GAP" is not ne §saré{tang APi includes tar issue instead
of air. 20Currents iIIustratedgl?l FIG. 1C from filament lgg hic et%ssue 18%1 %9?% 2R

through“various structures of electrode 160,
through target tissue 164,/and the return path 167 flow&@eording to the schematic diagram of FIG. ID.
After voltage VATIONIZES air in gaps GAP]and GAR:, current i divides as Iz through skim resistance
R1 and other tissue resistance R2 and as | through other tissue resistance R.1. Node P is part of
mechanical couphAGSIRCIEREY8S 2NRE RefbarmsisrbtnnG ellsdion e nEacyal iBs Brematiamped
circuit companents (egyesemtert dt-dd&ackbraay idifteianesiieng br apeppliacemeBh@delecirode 160.
lonization yoltage be reduced by reducing.the dimensions of GAPI and/or GAP2, and.b
introducing\ac{ ltsacr%%?%%%%\ée’iﬁs lélgﬂ‘flgfs i Ciﬂnéi&.’s CONRR B EEtr %ﬁ%ﬁ%%%ﬁ%?&&ﬁ%“garious
aspecis ofsthecpresiritinvertiodpaniay; leetek twvd € leapro8le srelaedttof the typse discussedoheeaintwith
reference Egeed%%g%qa %ggmvl\%%r'e 300ne 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 frdfrfeoghepiopirerniaioE e steshioiws HooplPAG instude $68 rnteiteidiaumdlittiiavice 202

that receivzséfa&ds eperatesifge diglderlaceable canidge 23085 YRG AF dERIBYMARE unit. | aunch
device 202 houses a power supply (having a replaceable batter?g, a processing circuit, and a signal

WO 2011/B3CR5asisETIuSIi19 10RO B GEAk aE 8 ike PRYBE I SHENTHREGRES 209/ fhay be
implementedhas angamvemdionaldnadel pe2blectonigcrulidiaeiessmarkeated pyFASER International,

Inc. Cartridge 230.includes two wire-tethered electrodes 236 and 238. Upon operation of trigger 264,
electrodes” %%mé)gﬁgé%%g ?%%}%6%@%???8 5&&%&@“@%6@%‘%@iﬁag}r%céﬁﬁ%acﬁaﬁ’ight "A" toward a

target (not 5shown)yAsrelbetroogs 236 aind, 23§ #ydowarchthe ¢argets eledtiedési236mna238tdeploy
behind them fi n and 234 respectively. When electrodes 236 and 238.are positioned in or
near the taérg etk,% gﬁm@r‘%ﬁ%ﬁ%ﬁé %B%eggt%%eﬁ r%n%oélasl?ﬁ}l éle 53000 & eacntcrioD %egss égé a%gdﬁfﬁ%noq
respectivel&ﬁ.eqtﬁédsﬁgﬁdwg@ﬁé?@éor provides a stimulus signal through the circuit formed by filament
232, plectrode 236, Jargallissiemlaciode 238.408: lamnant %?&i@%%gﬁ&%%ghap&é&éﬁéﬂ

mechanically and electrically couple to tissue of the target as discussed above.
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



A deployment unit may include one or rhore electrodes as discussed above. For example, deployment
unit 230 of Fz, 2B(gawh to scale) includes the exterior dimensions, featliygf./[%%ll%) S%g'onal
functions, of a conventional cartridge used with model 1V126 and X26 electronic control devices
marketed by TASER International, Inc., FFor deployment unit 230, each electrode 15may be propelled
from a cyffﬁ%ﬁé&i aoﬁr:gl% qglﬁgtﬁ%fng%g ﬁge?%@p 8%‘\%&%%.1 26?%’)351%?5? H@bﬁ%ﬁ’é@?ﬁwﬁ%@% includes
housing 24g5etover@4Btheiskistof élke(mogshdvwp)ychiiness@4dnand @315 thropel anicyitemd 44
comprising, sgparate ROREALS, SQMACES (on Sho‘é’lnc) 2417 and wire-t Eered Iectrogies 238 and
236. Each vgire-te'\?t‘hear%éottjggelectrodgezﬁ 23@)%?&? es a ?élgplg&fﬂ/%lﬁ arr%gét {one %i’n wn rit§4, a

respectivéBEdyiPue (0419, thn sameciietitire speshin 258! 20RbiaY YWheiustoréd are located on both sides
of thesplane of thie Jaeee: ke, BRKSING 512t i e RiRRS SEFONisys & F1G: 28,ane ire store is

removed by cross section and the other Is hidden. Two contacts are located diagonally opposite each

other neaP AT AIRUBHASATHG MG ovehough Tha GRS sighien lResnacd #rawrhsgitincher

through thewgploymentrengyia thaegontastsdznat: crinactalestically caiaies taracresprtivaend of a
filament. Fgr.example, one end_ of filament 234 exits a wire store and is held by wedge 248 proximate
; oy (1) !

PP RS The TR ST oSSR D24 88RS O TR TEOHE 3P vﬁ%q‘%artgl ar cover

to contact
243, passes fwamspaabREs passer dlonggtiddengtbvah bdiyc2s2nand enterbaairehedapgkngf electrode

234 gs di 0 methe I tuni ly ingl inter alia, in any practical
ordefrgﬁ(a)%{)&lg%iﬁr%gg %?1% g%c%ode of %{e}gﬁgge%ﬁégég%%ﬁ%ﬁ??s@ﬁrﬁﬁ%%ﬁig %Frtea1 gf?ﬁg ngjsing, 30(b)
storing thEMaFAEYR IRAWIRS Sieracahhicd) apuriiiagtaschresthd onspscesiinesioasirg! 6Phidatisthod may

be practicgdsdanexample-with herivchyes Ai-HGQandAs KR 88 uagrsied inereRiiesgsdhe body
(252) with spear (255) and filament (234) attached is fed into a bore (245). The filament (234) is neatly

placed in SR &IGRY PR ISh skl d YRRt RIS IR SN eatmetPRedtie contact
(247) to thentepioymeatoapithalsingo 42k ey Weagerd/VE3 20 1ek01di63 2R3 Gplih St 81042962

(248). The loose end of the filament (234) may a ut or be hel ainst the contact (247). A cover (243)
is ir?ggalleari%lgfg%g“tﬁg %?e%a%m‘éﬁbﬁi%g%ﬁgs&§£3°c§5%8%lﬁfgﬁ?if%??ﬁ§‘Hb8)‘}rﬁﬁ éoo e is desired
and accompiishacbas Yaughdiabiode to datiliage snanlidbabid/areutoneated assembly. Any diameter
along the length;of t X S a limit.inte ssarily.with feeding the into the
bore. In use, the%?%?ﬂ%%%&%&%@ gédénﬁo%fb%n?gl Ioléfqgﬂa%sg%§%nﬁ%§h%@e%%€%%%§622§%§52)
from the r&SPESIRvE D6 e v2Ha(04 Y. IAccé(e ratibr, inmizatlion eldehf figmtdynatsics 2ah & ABcuracy of

hitting theitarget ae afactedy-thefit.gf the body as it leaves the bore. Any diameter along the length
of the body that exceeds a limit interferes for a period of time unnecessarily with propelling the body

frontthe bore. 16 EBHHAL B A LIdCHitar tou SRt s a8 <BEP RBb V& RthsFeteraRt aftBleBed0 de 160,
among otheo, differgincese converntionahelgetredesfanelsTioRicaweapanty de fat-pearferana-spreading
function. £ ple..conventional electrode 300 of EIG; 3 inc s a first conducting structure 310
that bin‘dsogf?‘l a'ri@rit%ﬁ?t‘éoetﬁe?:et%éoﬁgﬁsaaﬁrduaéﬁ%yg‘&é ?ﬁ'gr#g?ﬂl? %ﬁ‘i’fr%{ﬁgliﬁt‘f a5 second
conductingsirgictire 320thend Yy artipothat flisrcesiarget Ratedals(hahibehailer cistacgetitiaaue 330,
lodges in far ' ) or target tissue 330, foc n electric field at the tip, and forms
an ionize(%% 'ﬁggﬁ?gﬁ%&%%?ﬁ%%&tﬁ%%g? Séﬁgtﬁﬁw%%vi%n%%é%csrégdgaggoo %rgatdgflﬁest%}ls%%% 330.
Stimiflus é0freMeiacedpidbietbanipieé gghuiacgetrtssues 330 wAntedyinAE ofl BvopathE(asvextiusive OR of

the paths 3p2%,133fenl Reditshalie rf@i"ﬁ)ﬂ%ﬂoﬁe@fﬁ§9@¥ﬁquyelyggugééj’ b9 COMIS NUNED SRR 0
conducting structure 320 %lg:ces target tissue 330. 20The second alternative path, represented by cap

352 occuf¥ (ihén L tom e thgEREIRG S28dG8E ARSI AL %r EHLIn target tissue 330 but

lodges in materiahpiexifatevodpsgaiiiss Rsa e RaHEh s IR §RPSHRsent i QRBEXRIPlary
implemenltatio in accordance with the functjons discussed apove with reference to FIGs. IA - 1D and
2 - 28, DR ST T £ 1E Sl AP SIF R 5 g7 Mih Fference fo lectrode 160, wihers

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
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25mechanical coupling structure 1.62 is implemented as a spear, and spreading structure 163 is

implementedsas @ diffyrgEs The body and spear may be of dissimilar materjls k9pnipghibe body
comprising a material with significant ductility (e.g., a zinc alloy) may facilitate binding of the filament

andlor assemblig,oUE IRMANANY N ROty EOmIng. e sRearcamps

naro : 'Aggoa%v@ﬁ%ﬁ?ﬂ quV‘El?g .
significant hardness (e.g., a stainless steel alloy) may itate forming a tip for 30piercing, lodging,

and focusiy. AeIEaBicCpBiRd dfichanspieed ing LARIRR fattavitienels o ushtyidecsldtticidhd in or near
target tissye, uropductive ReRiR:olheaprRRding Stociurs MaY-Re Spaserddpnsanagtith target

tissue. The spreading structure may comprise conductive portions, insulated portions, and portions
having ore’ oA 8F83§&?ﬁé€9§h??5€éif’€a@5é§?§ﬁpé@&i SRRt iebiucing Shees el $88ngth (e.g.,
flux) at thentip/af. the sheabtkaa®uid MKI204Md Ta3hRET k37044042982 prcusiningiahsence of
spreadin accordance with, the functions discussed aboye wit erence o FIGs. IA- 1D, a
fiament MTLAHRET 3 H e Lt R T BT (LBt SEaBh R oC i A Tt i
spreadin@aﬁdi%ﬁ@dwﬂsfﬁﬁéfenéﬂéé gxtspdefadm%mm(gm%m@&l&mgw mmmysmith a Sfilament,
Such an eiglode. paurronalizea ANONG e Aah.a00 . eslen 6| SRR Rg-sUpgure 162

After assembly with a filament, such an electrode further comprises a filament that compr?/sesa

spreadind$trogtiire 2 6 Andsdstodeephdyshe alsstriicdbysiddmmpetid arkistadesthéhate spear

throygh amsenesinghiaid aaHitecianefithe Rpdyandshaping thehadyite jnerfars, with removal of the
filament and/or the spear from the interior (e.g., crimping the 1f)body staking the spear into the body,

closing the opemh@CBI TR BE R FBIS TSR PRI FrtRSWEEs . 23 disgussrd aBmg sFoR e BiRtinct
from a filaimsoymay beitEToERIG I8 (d@w¥h eare poTtiaeo tibe-filpemhsmi R feaasa, spreading
structure, an additional spreading structure may be used. A filame be electrically and/or
mechaniC%Hf‘si/r%%odrl Sﬁe%l g%férgspf)ey;%ﬁ&vg i ﬁrg%ﬁgﬁgéﬁ/dp“élr o?ﬁqgelﬁnm%:r?@ﬁl(?ﬁ% o?lgcg%fng structure
as discussediabdvec#s bodyemay have BRysizessiod 2hape Knodeplivythenanhfol 3itabhy diéndidg a
filament | | N antia, el ntially eylindrical, having an axis
o o I e o B e B T ons.

body may Bl prorEiticEYe incdrdpriBeustnddetivevieaiéhalier sormprise deomblrmatioddéfode or more
20conductive BRIFIINSEREENE A FIRIGRRLIRIOS e cofpheRts PeTerms the iHRetions-ptasmechanical

coupling structure as discussed above. A spear may have any size and shape known in the art for

suitably prEFEMYIHARHSFAAOF T 208 DIt Badet ISatsiig T RietBRdE ARkI/SP fisire e atarget,
focusing amsedectidiieictfordanigatian obaik iRPgapcand foRNING andenizedpath asress ggap. In

varigys imp, ations, a spear may 25he noncangductive, ¢ rise cq ﬁu tive material, or comprise
a coargbin ‘fé)%'r? ﬁ%eesar?ﬁg%pleggﬁt f@%\f%o%osr]tlgﬁg and BErzli(raleo fcr)%%egoﬁ%ﬁg erffOWH@n % 88 includes
noncondubtiveo@instdacive)awatehils DB surfacies ssome omalved thecfosusingoanaddohmingefunctions of

electrodeiBhemay neRRlames B A FRIEANNA SBIEE LR o ML ESHBR TP s fg notions
of a spreading structure as discussed above. In0
cover 243. The stimulus signal is routed from the launcher through the deployment unit via the
contacts. Each contact electrically couples to a respective end of a filament. For example, one
25  end of filament 234 exits a wire store and is held by wedge 248 proximate to contact 247; while
the other end of filament 234 passes out of the front of the wire store near cover 243, passes néar
spear 2355, passes along the length of body 252, and enters a rear face of electrode 234 as
discussed above. A method of deployment unit assembly includes, inter alia, in any practical
order: (a) placing 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



30implementation, spreading by a diffuser is uniform across a particular region of target material

and/or tissuehisHpiieimswithin a particular volume of target material and/g&(?;ﬁﬁ&%lm @Q&ther
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 qr, yvolume of target
tissue. Th(gi%g}'sé?tes{?nogi/%legcafs r?b%%ﬁ?%&?ééﬁ?%ﬁ%ﬁéﬁ ﬁ Biﬁ%g&f@&ﬁ% ocro%ac%/\%ﬁ‘y)' A
2011/0116832C 43520004042 966 seghednted oA thehspsitps24 2edianost wolfoma fiv wittehbadpoal
maximum Qf the.eleditic field flyx.intens CUIS, ot.includes the local maximum and
surroundings down to about 80% of%he}%%og% %&gﬁﬁ%i‘?‘ﬁéﬁ%ﬁ e %ﬁ??ﬁeﬁ{l gﬁ\%ﬁ%ﬁ%ﬁé‘)ugh target

tissue via & B ENICEY bupnisy danxthrdonsshing terbedy detivisrsddhrdugh targértissue via a

spreaglingsifeeddserisyinflierRsed P maay R Hork. exaiap g 3RIgER Mav:incds Ashatial ,
relatlonshlg (?Iﬁg?ér,é%stances between structures é%%cements) betweén a spear, a diffuser, and target

tissue; a s ﬁ%@ﬁfﬁ‘b@ﬁﬁ/@%ﬁ@?ﬁéﬂ&?&é UeaRreisoriBRetior 29t &dftuser, a body of the
electrode, andtargeintiasue]canotieli e graperiiesof dadgetdissyer caneddetvepiepettigeaban puter
target surf .,.clothes, armor): chemical cqmposition of target tissue. (e,g., sweat, blood,
proximate | %%%18\%5%3 I?é)rg%lrtnlg%geg r%fgn f§Su‘§?¥)r86§<$’rﬁ§ 50156 %?8%@0%% & ab%fiﬁé\gaﬁ%\cl%el‘fse%t of
the targetliand isletivicalfoapatilives (1. nontpetsedingéicapabllityy oubodyifpedanterseries

mpegance, outpyl eyyiel €ARRLIUN;f G pleRtANiG eARANANOLAlament, A shalal reationship

between any of a spear, a diffuser, and target tiSsue may inc ude a 15physical distance between two
of the spedldhe ifi<EfeaistarRtaasoealirtiradshieicitdisince mayfadiitsirortimitan electrical

relationshipeetiveemanbiveafdhasneandha diffusel.anddatget tisgues mdgsetiption of an electrical

relationshicpi cludes whether an electrical coupling exists (e. .,via}ﬁqhysical contact, via ionization of
air in a gapj  HE FRAGHIGHE of AithpRdanddBre sfecRiclerBats, Sutfne d gipvethedianeniage:
required taridnizdualitsin the2DgapiuctinAsahange nohavpatalpelatipnship hetseanaisngst, a diffuser,
and/og target tissue may. chan he electrical relationship between any two of the spear, the diffuser,
and t?égrget%ﬁ%\évézg NG gﬁécses?r? é’eF eggfﬁ’r?clgltraéﬁaeﬁghasf Ifj‘pg]1 W (s:\%%\ﬁ eofhérggfi&%f‘%&%?ér?f’ﬁbg%\%ed
through thdegiriseficld thésfeardrfdrtheaiffuseed patihaspatiahralagon3fipiman charigebasvamelectrode

s launcheddowaic AL A e oA eaUples I N UgRtMephanical couRlinorprlydes

coupling to an outer target surface, contacting target tissue, an into target tissue.

Movemen?db L4rget rRdiribh styec thesisp 48R b theioathip Beiden s esirdiath singataissue. Target

movemeniJnay-inereas R Bhysicahdisiaice-belwesnasreatand et jissue «nave e spear into
or ogbof gtact Wit“Ef) Otargé({at tissue, and increase or decrease an amount the spear is imbedded into
tiss

targ © SeCOR B P A SRR BERArSe Y SRR Se PSEHE ARSBLHSSR SARTHEHRR 58 58N

electrode ¥ ladmshest tontardoa argeinaneehe Speasnpahanieally souplesjnihadargehriediffuser may
be positionled a distance away from, target tissue with the spear at rest piercing (e.g., embedding)
target tissﬁg?%egﬁﬁgshe%onf?%n %R%%’(e.g., abut) target tissue with a spear at rest piercing target 17

In one exemplary implementation in accordance with the functions discussed above with

reference to FIGs. 1A - 1D and 2A - 2B, binding structure 161 is implemented as a body,

25 mechanical coupling structure 162 is implemented as a spear, and spreading structure 163 is
implemented as a diffuser. The body and spear may be of dissimilar materials. Forming the
body comprising a material with significant ductility (e.g., a zinc alloy) may facilitate binding of
the filament and/or assembling of the filament and the body. Forming the spear comprising a
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
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WO 2011/011635PCT/US2010/042962 tissue. A diffuser may pierce target tissue with the spear at

rest piercingJyas9&t fissidss The respective conductive portions of a spear apg-gdifysaimay be
arranged such that placement of a conductive portion of the diffuser is generally further from non-skin

target tissue th%{]t éaﬁ)ement Pf ae%(anlductive portion of the spear. Resistance R3 of FIG. iD may be

less than Bresistance 12.2. Gurrent i?fnay be greater than current A spatial relationship between
a diffuser and a Speenordaycemaigb b tasiohffukeusasd/Brarreveite sefemmescis ffatekAl-ddd/or tissue of a

target. A ganghaiRebuesma ifoelanda Meatitg (GARIMAN Alesdhe slaskisabralationship. A

change in the spatial relationship (e.g., length of gap of air) between a diffuser and a spear (e.g.,

movemertPEFaRE AOR BT S aiRERICIONS eeRdieg I SBIatRdD. Priok Qiftisebm B flexible (e.g.,

permmanert]y:deiorable, desitiertindy difkselsnay Mmovestecurband e tefashidapesition) as the
diffuser collides with material and/or tissue of a target. A flexible %fr:gbsxﬁ{ may have an.jnitial position

with respSEHEESsPear ad BEET B aNEl ERECTh RLFISSER ﬁ%caﬁ}%%?’gr% B&tiblish a gap
of air of athinitiatengtha kblketireenrthendiffLser aAndlthesheanyhvoltagealyiphizeghecair in the gap
of the initig] le stablish lectrical coupling. hetye: ] [0t ise
insulated r%rrrrwl%e%g%égo%eﬁ%&%%%ctt 0 Ltll"('%}el %f&%ﬁ%ﬁﬁaﬁéﬁ%ﬁagfgﬁ%ﬁg%ﬁ e agrggt%n?gégymove an
operative tpdrienest widhdetesed afvhy filtnmeneasglearthaspete Hiffushe insves GwaygimphBspear, the

length of {ngigan-fikeiueen he difseransh e SBEa IR EARES.A)S dbR /RRgh p6 e gamef 20air

increases, the electrical relationship between the diffuser and the spear changes. = A diffuser may be
inflexible, IRAYflexible diffuser may be positioned a distance away from a spear to establish a gap of

air between the diffysernpddnerspeaktifcaiage Maydanizethe aedndhe ap 10)establish an electrical
coupling betweeré gﬂ% %iﬁilffuser and the spear otherwise insulated fﬁoﬂigfﬁh oth(%} Cé?ntact of the
S

diffuser \Aﬁ)t%nib% é%ﬁg%%fﬁ&et Srﬁeipﬁ%as RE R DB 1(‘aeg%lnpabe ween the'di éser}l%tﬁ{ﬂﬁ%yspear.
Target tisbae sadhe gkpremaynek dagcthe elér trichbretationstafl petwided the giffadeg atrddivee spear. A
diffuser may inclyde a paint to ai ration. of target {i y. the. di fo tric field,
to fglr%re;l an ionize p%tﬁpgﬁ%rsa%je sqpﬁﬁgaé g%%lgfgtlﬂc .5%?%%#%&5&? Srggqy&l%féﬁ}gga%ug?ggé% lodge in
(e.g., resibaveraaysizfrend)shaaediivandicheissuoiuitedta yedive difilgeerhandidemense or more
conductiveane ipsulative 30partions iRl shaping.An.eleetisaklisidih e giffusest synAnslestiade may

include one or more insulators. An insulator includes any material _(e.gié, insulative, insular, insulation)

that signiffEEFRHPIEFisitste shnmediveds Shomiekris dhir vy ieE A E RS BATREG RSy RO BaiREance

having a braakgawsvoltagptieatantbanypliages of henstimulussipnatiAninsilatensray be
implﬁnented S a structure of the electrod%%]%., shaft WO 2011/011635PCT/U82010/042962 of a
spear, sh& uﬁ%ﬁ?fﬁ%%‘r?“ﬁﬁ&?o?rgsoﬁ‘&%ﬁ Y'$tructure of the electrode. The coating may be

uniform. The coatingemayhempathiafarmonusiformcinsidativeipbagingsdnctudaliscussed above. "A -

spear may have any size and shape known in the art for suitably piercing material and/or tissue
of a target, lodging in material and/or tissue of a target, focusing an electric field for ionization of
air in a gap, and forming an ionized path across a gap. In various implementations, 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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lacquer, black zinc, a dielectric film, a non-conductive passivation layer, a polyp-xylylene polymer (e.g.,

Parylene), p%%’ﬁf)&ll%ggthylene (e.g., Teflon), a thermoplastic polyamidq,&er%ﬁﬁ@%g%ﬁ?suIative
u

structures may comprise plastic, nylon, fiberglass, or ceramic. Conventional insulative technologies
may be usegj. An electrode, may include one or mqre diffusers. Diffusers, gf the sam trode
ey - QTR T IR BHSHER a0 H b Ator CRTGR D B (A Fositon
relative toisdsdy ofding. elebtrogentimgedante |materialcompaditonyukdchsdiffuses rtaypdo%de 10a

portion of & %Jfﬁgpgﬂgg%gh a target. Diffusers may differ in respective spatial relationships between

the diffuser, other portlonsucr)?'the electrode, and/or target tissue. A diffuser may be formed of
conventional maferidi¢s)isbitableciirdshiveaciinrowhantdeittis sne afidionthretigh eaBing atexalor tissue

(e.9., Fonqugiive,aad/ cinslatye), & difisel.as AiScUsRediAlQYR - MAY NIAUIdE 116, GYRteRt to target

tissue by abuttmg%arget tissue, provide 15current to target tissue via ionized air in a gap between the

diffuser aftf eyt teStrERirdRF PO Bekeht (HaHrG B U NAGEniISEH G HPE Y between the

diffuser aRehaspaapResiticnethioeneasfargeitissus, A nswlatadueonapster keasperaied into a
structure of an electrode, may, provide a.current through, g target via an exposed portion of the
° ¢ )bl el tnda

conductor (8" ThBtRSTSE NGV BOTHRRS 22 8iRsHatoF i Fn%&‘?%yb‘%ef 1RSI UhdBf fi8ied
conditiongjssn; exposed ppropertidsth tegredtictar, maylprovede e etizenf directly todargetflissue or

provide a volta it for i Qiz'n gci)r ina.ga ween the o] | f tor, target
o and o A e B e e e
implementessels PariBh filgaichisenrasiarRefibante RIGEERLS @iharyaraycaraiytipsiiatetchaad

trans-axialeutpACHALEXRESES (N GRRYLRIGE ezggmﬁﬂﬁ,@&ﬂfceﬁ%g&gn%@,dsa@ ﬁr%ﬁi%ee?f the

filament back from the cut perform the functions of a diffuser as discussed above. For example, cutting
a filament XS RBh G e FaPARHER R LBE HH& EIHE HERRoR MY W BREYT the filament. The cut end and a

portion of the filamegntiinay:BErRBSItIMREEAthat thepest ertriesa Mistansce @aayHgnmalcanguctive
portion of the spear. 30A voltage of the stimulus si may ionize air in the gap between the
condulctor fﬁ%i?&ﬁ%@%‘? %ﬁ%g?%‘é t&%8{&?\/9@%67%1@%%9{5%%?{86&%5%I’g‘%\% BB coupling for
a durationdoftannezatip fiail thaee gapinbDuente dhie simal dnérisibasvetihe ey hétive epethetlconductor of
the filamept.and th ar, .4 relatively low voltage (g.4.,.200V, 400V).stj i ionize air in
the gap. \%fél 5%13%?%%%@%&%052%%782%éaﬁq‘ . g?%t&é%@%%ﬁ%\% eéggt%!gegsst%%%s eI;{a:%)}:ath between a
diffuser arsteeitrieshseoplangfearstiegstricnnsiof thentdectridezinet ity gertiss decmaytincreasitude
temperatuge of; l&s@ﬁﬁ%%ﬁaﬁ%ﬁ&fﬁ%ﬁﬁa@ lemperap <nay melta portion of thedifuseriand other

e

structure of the electrode). Melting an insulator may deform the shape of the insulator. Melting a
cono?tﬁ)ctorfé*?ﬁ'particular through a rapid increase in temperature, may vaporize, pit, and/or score a

portion of the condtginreanahersgepasitiacaragbitileetn o posignef tha/conadueiaksue may
change the electrical relationship between any two of the spear, the diffuser, and target tissue. A
change in the electrical relationship may change the ratio of currents provided through the target
via the spear and the diffuser.

25 A spatial relationship may change as an electrode is launched toward a target and
mechanically couples to the target. Mechanical coupling includes coupling to an outer target
surface, contacting target tissue, and embeddin g into target tissue. Movement of a target may
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 targettissue, 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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Each time air in a gap is ionized to provide a pulse of current, according to various aspects of the
present invertign,, g Rigdistable portion of a conductor and/or an insulator i%’(}%rﬁg rog(%lg'zg ina
cumulative and measurable indication (e.g., record, sign, evidence) of 10providing t}]e pulse of current
(e.g., a portion of,a stimulus signal). Analysis of such.indicia may provide information apout a use of an
electronic WeApon. EOr exam Iggl,eé Fnd ﬁ%%lilsél@o‘?’dﬁ%éhf’os%ar’foaﬁégég%grc%%f%tp%%nt ention for
determiningstiretextentdiictivegnt provided aameéle diffderasagibeussedddenaih thelpitesmamparing a
subject strugcture of fhe slecirode fram which, an ignized path was formed duri royision of the
current with a set of reference structuresrol(% I?%ﬁé)lg%r%et c%r%?%gﬁgns}%qgr meérr%n%)%%t\%ﬂhe set have

classified BlfsUHE Of weardackesutesioscthhsringaachrsissendeferafifiny thereadsifiestitharof the

subjeet struciiraderg,, MerRWeanihan enehembenatibe set and less wear than another member of
the set) and consequently determining the likely extent of current provided by the subject electrode. An

electrode, accor(fmij)‘38@éﬁ}éﬂgﬁgﬁb@@ﬁ%ﬁgﬁ%@hﬁﬁ\ﬁeﬁ?ﬁéﬁWa@Fﬁlﬂﬁ6%%%86@/‘,3%14@& more
spears, anteape=okonoiediffusgns aAdhedysmayrineluge. an psuatechperion {aiguRPendr 1pe
insulators). A s ay include an insulated portiqn (e.g.,.one ar more insulators). A diffuser ma
include an ?f%u%%g%% Ozll’l?} é%ﬁeoerlleec grcﬁgé?legtilﬁ G éP( ; rs‘%C %a%%ﬁ?ertﬁfzﬁ?ﬁf}# 5 ’L?I)Ié g tfotm othery
structureslefghecé lgatrotiar | hstiatect poiisnsigénerally (it cuwrventpadh fohnatiorodnadiay fdtus
electyi¢ fields JRrpath IszEH’S‘H&Hp"?‘”d current spreading. 25A body includes a forward portion (e.g., front
face) with respect to a direction of flight (e. a., FIG. 2A direction A) toward a target and a rear portion

(e.g., rear face). A BibthpenewnAsifsmplope Peorzanpethy driarroableliffssisntrhe diffised pertion of the
body is gensally.erieeird fewarda akgeli Ry 04aunshing the;gleciiade . during tightefthsrglectrode

toward the target, and after the electrode mechanically couples to the target. With reference to the
direction 306 igﬁﬂmfddéf%éﬁﬁ B PR ARIBBEHd SRS IP thePspedt LRI hd the
exposed cdedticior ohehaidiffyseiidh body mgokhanicallyeouptes iopafilamenk Aiadimay include a
substantial portion,of total mass of the electrode. A body provides a surface area for receiving a
propgﬁing%fé%rvgg3 (;% }fﬁéée fﬁreaélf%a%}?osggafoﬁa\rlaﬁtﬁ%fa%{ R edé?sagﬁgptgﬁé’&pa(ﬁgefﬁ%a ! (ﬁ'b ment
unit resposssiidith anlopeifidy fopdagl hegmeimherdgfiatiomdvhe @ ¢heokiaaly 1A/ @sulated from each
201101103 CHS204 URAZAAZOMPRES @ mnAiHua AATION SLls ANUTRN, edelive, the body
positioned proximate to target tissue may electrically couple to a target. A spear mec anically
couples toParBeuyiohadidletaranay Arepahe may exte e fdfysarfoavasd pertiserofithenbadiheA spear

may mechanieally Geupls anelesiede iR aitarget. & sRear-hay-penslrate apioteative hayigr,en an
outer. surface of a target. A spear may penetrate target tissue. A spear may resist decoupling from a

r
targeztaA SPE TR UM SIeA SR (RS Sghia) RAPSEgh B driRtc e ed % shisy SagEieally couple to a
diffuser as discugseiffheteinayospefexingy elachinalyieaipisdoniae hoshsidospearmaydnechanically
couple to gr"loen{jgffusegrr.to,é\ (31[1;1‘%115 rmay mec aQicaII co%gflé}to a gogg of the %{rode. A diffuser may
extend 10 away Trom a forward pordon of t ee%%ediﬂi‘gw WErGECTRGifdS S G EbnilECa portion
of the curréntihrotighgirettergeblishdiffeisetricry @lpbtrichiyvcaufle difasspead andipeaa dargeti s
discussed; aboye, Asiiizer siay <egtcallycoupis 10 sPRd.of he glectiode. A diffuser may
mechanically couple to a spear. A difftuser may mec anlcalfy Eoupsie fo tatget tissue. A diffuser may
electficallyEoiaplBaiovach A dif i g antifisenasiay Beefiesishe o frflesabrayAhiiffesremisgtbeapositioned

with respegi@di@ip 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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body, the spear, and/or the target. Placement of an electrode in or near a target may change the

position of thg gitisar yeith respect to the body, the spear, and/or the targepAngi8eifagd coupling
between the diffuser, the body, the spear, and/or the target may depend, at least in part, on a position

of the diffuser with.r : pear, and e target. 20An insulator may reduce a
Iikelihoodllg‘%eéf%lg%}ﬁs%g%é%%%gggxgggﬁﬁna.c S\ar%%ivlﬁsé%ttsgguréﬁaﬂ% in Ié}eenpécﬁlg%?éﬁaa%%e 8?{ %grlwnfonization
oath througaydie iwieap teaweertaaspdarrarithtie Wiffuséioram imsulatore srajiestaiisbea physical

relationship-betwesn & AHIUSEl. R SREFIn? DAGY.ANMIRK A RI0S!I0 Rravide A phrentiguah a target

via the spear, the diffuser, and/or the body. An insulator ml?qy establish a gap of air bétween a spear
&

and a difffLFSS A Gyef WA iRIUHRI AR & K s N SESI I Ay AISTORIGSER BPINARAIGEIGc of a

speas A spaah Mayheipacialy.edseniyely-dpraed ofir materiddhal gleclricathnhipsdaigsndvninsulator
may be ofjgmtxgg ge. thi)ckness, ngaterial, structure) that electrical insulates the spear against a

current having 5ol agré0 JEGW S thresisld, but fails to insulate the spear against a current having a

voltage above thatlwestiodd nfy insidtammeyrhedatiffect (. ifshaped;, @pplied, positidaed,y30
o e SRR SONEh IR SIS & b doraian BRIl SRR et hedioaiRomey e
aving a vo eshold. 5

to insulate against a current tage above a th n insulator may be positioned on or

near a sp&drtdmtive kedy aiffiselectrodp, githesenenapattiatieompmisidatoah Hukstonmaydnisielate all

or any porigh-pbadtifuarenfudidiuses mavbepetialliayneeriampterial thakalegticaly;psulates.
An WO 2011/011635PCT/US2010/042962 insulator may be of a type (e.g., thickness, material,

structure) RRSYER ChA CTHIET ST RestiamiekibaghiRep decarflR WESAhESEoltage below a threshold, but
fails to insulate thediiffusemagainsiractsRiiiaringd woliage @bavathertirgsbalthAndrsulater may
be fonned to establish a likely location.on the diffuser where the insulator may fail to ipsulate against a
current hal\l}fn‘"bn%ap v@%&é 536%6\;3 RSSO SRR ¢’?J1§u|8?8rg‘%ﬁ3§ebaé‘ %8%%’5}%%38 %%‘ o HEAFS offfuser
relative todasspesad. abova, tipy@gyipotht, constapex comprisiby dAcute angies twtwesnfaees, end of a
shaft of relatively. s j ). tes 1o pier r ace (e.g., layer) of a target and/or
target? tissue. E titp (%Qf%%é%ggrg f(gé.’[é)ﬁt%eés@ﬁ%.gr@%ﬁ%@éﬁ?&%ﬁ%@#@%ﬁ fgtréﬁ%\{g% ]gilug’ gﬁ%@% Atip of a
10diffusePEREIfaBSTIIE B A At oMy by diffirsecar bipghvasaritinsifftet mdy spevate as a gap or
switch int%rggirgﬁgégim GurentHw{gg. blocking) until a threshold voltage breaks down the insulator
and permits ionization near the tip and/or current flow through the tip. A barb operates to lodge
(e.g., retain) an EECHIHRSGH TARHBFAT MHABPIREHEET A TAYGRE S Fefic Rde Riear e8aBling between

the barb ang:the iratetial @ndlondissuepbshiproportiontef dhaispeardesists seshanical gecnuling
(e.g.yemaval from material ar tissue). A barb portion of a diffuser resists mechanical decoupling of a
26 msulatqr degigne toq%e fe%ga efcfA c?%re?esue%%%}%am%s | g?\’éFﬁ%ﬁﬁ W%\”t‘ﬁf‘b%%

diffuser from rﬁgﬁerla and/or tissue of a t}:}?ay be diffused
by an electrodestacomymgvideaciousaspedty of thegreésentanyentidna solthgt cuirseh fof the stimulus

signal floys,ip qultple paihs Myoush Jarget Ussue: of flows thiousth multinle portions of target tissue in
a single path. 20A pa§1 me?y mclugge%n é%ectrlc%? coup?lng esta% |s{1e’d t ougﬁ physmaﬁ contact of two
conductive structure of the electrode.
In one implementation, the diffuser is implemented as part of a filament. An axial
25  filament (e.g., tether wire), axially insulated, has a trans-axial cut end that exposes the conductor
of the filament. The cut end and a portion of the filament back from the cut perform the
functions of a diffuser as discussed above. For example, cutting a filament to length generally
exposes the conductor at the cut end of the filament. The cut end and a portion of the filament,
may be positioned so that the cut end lies a distance away from a conductive portion of the spear.
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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conductors and/or ionization of air in a gap between two conductors. A gap may include target tissue.

Electrode 40&/8]:251'9(5 4:.11 performs the functions of an electrode discus;gq ggﬂ)\ﬁ/(\/x'&%{eference to
FIGs. 1A - 1D. Electroée 400 after assembly with filament 470 includes body ﬁ 440, spear 410, and

diffuser 430. Filaripler;t 4%7(21 g:yétetrgdesS Jgg{n rear réioré éﬁf A)%go%y rﬂlfégtlioa%?g le rﬁle% El%(rje 400 to
signal generator 21808 Sl dAi weaponli}bﬁ%%na“@enera k] provides a &timulas Signal

through fikimemteldGtite @teotrddetOAr FEilamenttifGnsrarsdnstiaisotatordd cherdiifidsene dhanically

couples (o Bey 0. disaussed shave MhenciPatoR A0 assRTUld. I g ahiensag! o

30stimulus signal, filament 470 is not electrically coup y 410 or spear 410. In one

implementétisgtieiesalieranar fdrpianths zbascat din BOIBInCHIglithandpneasEcbppEtiend steel

condgctorighabeyt-RORIRGR. in m@ﬁrﬂ%p@?%ﬁﬁ%_m@ Hlamelesoh HamentA4Q is about 0.018
inch. Body 440 includes forward portion 442 and rear portion 444, both with reference to the WO

2011/0118%EBETFIE9H 167052865 Bive EHIA-BP iRy APOF B QTSR 8BB EWard a target. Body 440
mechanically coptesitaespear #0 Badyiddlmayelectiaallyteupieioaspaamd ko vBocys 440 may
include arzllsiné%goorfi htf? vrvehicQ a fila{noent andda sggar are int{oduc d. t'I'he E}terior.m tbe closed in any
conventiofial manner, Th one ﬁ%ﬁfé?ﬂ%ﬁ?é’ﬁ%ﬁ?ﬁo yp AT %Sﬁnmuectaofgnof él.ngl.r,lsélzalr?(r: 1asllloy)
facilitatingraéfed mestion g anclosentH etinternor meronebimpléentatiop., bodyd44ighasidedizinagter of about
0.213yinc t, 410 s foi n | ' ucti terial (e. g

comeond e DU T o L e
412 and BYfY Weanfopeaionabonhy iselatenaterismistoreareor Erpmisinl onashederePeinks 10(420,

424, and/QpAd) Rbshesr ddQriianpthardmpignsaiation. i asulaiers are.ariiisrh dadspear 410 has a
conductive surface (e.g., 412, 424, 420). Tang 610 (FIG. 6) of spear 410 mechanicall% couples spear

410 to bofy S eSS QL UrE ST Bl - CoRpIE o BRI A AT e HEaP 4D HRTERAS Fomy AR Rith

respect tathiditeCton obilighintenantng gl fiost forsatrdrartian 44dofdbadycd40omastha target.
In one implementation, spear 410 has a diameter of about 0.035,15inch and a length of from about
0,251 AR O et ter 0t RBCD Abrieont hevogsaspemane ohuitat & G 87 20
invention cdifipser 2 30itciapdsesmamiegdheartienfohfilanté thed it &tament4 716. entevs reanpbation 444
of body 440, passs: fauab e ierior.alhady 44 And mdeads ouliam B gtion 442 of body

440. End portion of filament 470 extends forward of forward portion 112 and performs the functions of
a diffuser &&ZOMEY SsipiereHey afi6u8 dinensindsbotedartpingé Aowadr its components affect

operation of diffusger3Q.Bodydrthas digmelat coa drik. £)-abauta-aenirahaxisehaymmelry 702.

Spear 410 has a diameter 708 about a central axis of symmetry that coincides with axis 702. Filament
470Hths LHRAMEETF 6080 8RR EAESS) Mty BAY ANE 9D AXSHMAthBOZERREF 8 the
conductoronbaef difftisies 430 roughbapeaiaing poiin Akfatdelininsh arqusdistance snamdianyles

effecting difiser fHnctians incliding facusing, forming, and spreading, 83 fisgyssed above:.
insulated from other structures of the electrode. Insulated portions generally limit current path
formation and/or focus electric fields for path formation and current spreading.

25 A body includes a forward portion (e.g., front face) with respect to a direction of flight
(e.g., FIG. 2A direction A) toward a target and a rear portion (e.g., rear face). A body
mechanically couples to a spear and to a diffuser. The forward portion of the body is generally
oriented toward a target prior to launching the electrode, during flight 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
20



Diffuser 430 includes insulator 450 and conductor 460. Insulator 450 encases conductor 460. Insulator

450 insulateg;gongiieind3460 from electrically coupling to body 440 and speaq4idMigorbysical contact
between conductor 460 and body 440 or spear 410. Diffuser 430 comprises 30an operating point 721

comprising HigsunasuialedLad alearde A9 Sl exbasensandictan 480 e e, atmasphere. The

end portion of filament 470 is formed on a curve about a radius de generally as an angﬁe 7160f
a tangentfStRERY AlectitaLtE spEBladesp@Ees 10 (e.g., in a direction of flight). Angle 716 is sufficient to

cause operatingapQipdr iRdcHa MONE, WAL o $B8ALA LY QEE%B@.CMJ'E&%%IM ial,gnd/or tissue,
for examrgle, in the range_of 10 degrees to WO 2011/011635PCT/US2010/042962 90 degrees,
preferably’RBBUtEHRIFERS Dodyyih shsrumeymeachavipiistAybomt ceotrede R Atacind gR7éh an
initiabpositinpeactigt in ptse;ctiperpdifigmeinh G2k Cienties oNe FMONS ippizeshpaths fatstimeus signal
current. Plrsesﬁleerr%l s%ggrit;gglin Srirggérgak? Gar{hs through t r%et tissue r"Enﬁre likely than paths through
spear 410 ancUornay fiake pafis tHRaHE A EPeiraD morB ik EMINEH Shf RPN GHIBY 440 when
body andtspsugh areretéctticalbpcoapledcForlbasapfermandfitiering dflamenthé #anmaysbeacutagt a

tangent tbasyfHOJaPrASEr 420, General. MsTeas g, s rwarlgah 714 of difuser 430

with respect to body 440 reduces the likelihood of ionization Tr user 430 to body 440 (also called

back activation) A GEfEEIpa B sRige e stfediodineb tipeletrugifhsEfiuso mesmespredr 410
reduces theaNkebhoosbalianaion Bomdifiuserd30 te-sReet 4AQanddnaraassaithe dikslihgog of an

ionization path throg‘?h tar\%at tissue. For a spear comprising an insulative rearward portion having a

length 719 ARE S ESHAUERB TGRS DOHISHCRIAR G ETBIGHHY PREPIg N ar R ARAIIHAT85E d8ngth 712
increasesitimadiled|ifbooel of idiifnationdyanrdiftuaec4dpltadangeidisssrand skonaxamplerdiffuser 430

may be cut to a length so.that while diffuser 430 is pressed.against (e.g., parallel to) front portion 442
(e.g., ang%éeg 1 1|C§Ha L %eagsrggasr),%@géuesre 2%553155%@8 Céac@veﬁ%f%%&&%‘bertm%gafgaﬁ@%gdy 440.
When bothylriepieted]] vistapicet 7 86ilisnabout 0.213 inch, spear diameter is about 0.035 inch, and
filament 470 s JwdaRASPHAJBINGERRRAL ARR.ATUSEL 4303 1841 IanasALiohody 429, fora length
(e.g., when straightened) o?%bout 0.089 r7(1)1|n&(3:% fI}o'm fro%\(%u[%fﬁgbar? E%fé%osgg)gl é ﬂ%%sgﬁgfeguﬁé%tly,
dependingP8i igiee7 6nHher fbenarerte BtiscaienantamalactoGparatingpoint L2 iy iehtme s divge of half

the diamefesieffibammenti@ (& an RORGINEDEsHI0 Maltthe diamstar-abRady 440 {E:GenP-107 inches),
preferably about 0.089 inches. When angle 716 is about 45 degrees, forward reach 714 is about 0.063

inches. INCPEASRG TRETBAGTAET Wit dur 2osty sy Pedil: CR8 MGRedrar ibFmsatich ethidatidperating
25point 7& aandibonly 440 dicfuinstaine - whenamgleolt de-abeut SlidegreesThe conductive portion
actibion. Whot e SRaal A Or O o SR EBhior SR UGB R S BT el B Tocator
of spear autivadbanfoif exeanplermaydrgzatidistatic 7@ fremiopearatingpainti2dp tarthednarest point
123 on Rei i DAt sReaLIRCcomAise A ANRANAIN AR AN PRIAILLRN: RS mPle
and/or a target to provide a current through a target via the spear, the diffuser, and/or the body.
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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having length 712 from the forward portion 442 of body 440 to a boundary 415 and further includes a
forward portign,444 hayisg length 713 from boundary 415 to tip 412. In an f;@{))ﬁgggﬂtﬁ%gzwhere

rearward portion 420 has a nonconductive exterior surface (e.g., comprises an insulator, a conductor
covered with an insul orz), and forwarth rtion 424 as a WO 20 1/011635£>.CT/U82 10/042962
msu fa . 1?f én

! h :
conductivé exterior s race the ?o%a’tlon 6 %eﬁé’arp%fgﬁ\?at%%{c trﬁ%?y tada%]flafﬁ %@t%ot operating

point 721.di_ffus§tn @a_immmmaﬁmmmwgemmwmmmm @éeu@giaﬂylemrphedimspear 410, a
forward agEYANDn AiRiaNseVie MAKAS 153 A0 A PAGK A AP AVRIRNGE (i de IBiRgse S

likelihood tﬁat spear activation occurs through or near target tissue. A distance from a location of
spear activékiely Tz3tieniea Ssetiiig pointerne isbdioserydaidefinadaenariasrh divnencbay g, a

According, i yarigiis asRedshofdtha presenbinuention«aistandolf distancedisateatenhanalf the
diameter of filament 470 (e.g., small angles 716) and less than the length of diffuser 430 (e.g., large

angles 718°4h one implementation distance 720 10 is about 0.05 inches when angle 716 is about 45

degrees, diametartf fHamentd. iz abeutB:khinches  diflusebiengih iscabautibO8Shsrebes, and
forward acgkagggln (Sjis;[lﬁncﬁg 7e g ésoaé)rggt .089 inchesu. ter dciff ser may befdetsigned &f dteform on
impact with a aré’etn(e.g., ducti , flexi efe(g? eléccf)%%i 10N of the %Eeé‘r“éitlnﬁ Doinf SH& GitfLet Rtsfive to
other portismscofAtepatéetspete {ecditated Bstangotbdistanteumay ehdfigeiore imypagicand/otipehetration

of thearas oA i pasiianiset umenfaaiuring o1 eisciade and porJg deployment.For

example, penetration of spear 41‘(‘_) into target 164 (tissue or mate may changde a position of diffuser
430 with r&dpectYeiepEsrdaoad Bsaym blosuerza tlhskigeinpbsitivsshrlyg iélaerbscekafyein angle
716, a change i sangRibeistancsizeorrchange: indanuard aativaliomdisianag £18, and/or a change

in 70backward Wiv@a{g}ion distance 714. A change in position generally changes one or more electrical
relationships betWE8H GBETHfnG pOist 724, ey 41 6195805 4R  ARtAARLLHES e P64, HiRE S8
electrical relaiionshipaiiay detsingbe:wiche herbrambiie: of senelrahpossitiesioni zatioppathsbecomes
ionizl%d and conduct curr%%%gltla% stir’qulu%signal Gepgrrally a shO{terrtPSath isl&oglizgd and a%onger

path'is not ionized. ?(cémplles of dimensiois, electfode nﬁlglcaé?ﬁlgn S, aﬁ%%pera fOrP8F R &iéctrode

400 are déséritveceinsFabtet2nipathiscimpliemeiuatitins ooyt AGisrielectticaliis cougledatgespear 410 in

the interior of bodly, 449 RREA IR AEYIAHGIME. SHIFRGS: (& I é@?@&&%,%‘@é@ﬁéﬁ% stegllfam
forward portion 442 to tip 412. Nevertheless, tip 412 has a voltage with respect to the return path only

after (a) cORIGEtRITPAHT SPpetativ poift 121 treughf theBinssusigm!iBaratibmismaDderating
point 721 g-dataekiissugsto speakA lﬁ}&ggg-mf&a'iycg?é%@%t&@tma@@q/@ﬁ&% iphizationp body 440
(e'g'ZObaCkward ?\Cgé\i/t%tlnqggfinvc\{l%g gr% %{Qc]fr]fga%%opup-llllugsegg%l%%gg %h?gugﬁgﬁgigaliggr\{tact of two
conductors and/or ionization of air in a gap between two conductors. A gap may include target
tissue.
Electrode 400 of FIGs. 4 — 11 performs the functions of an electrode discussed above
with 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



Dimensions Placement Operation with Respect To Return Path before impact, standoff spear 410
lodges in foryydagiiyadign with distance 720 is target tissue spreading; sipaius Gy/sek,
approximately the same as spreads at least between a first forward reach distance path from

Operatingd%%i&ﬁc?r?&f ﬁi‘g%’t 3?@1%&'?98&%6‘ (;[QVQI%C? a target. Body 440 mechanically couples to spear

10

15

30

410. Body 440 may electrically couple to spear 410. Body 440 may include an interior into
which a filament and a spear are introduced. The interior may be closed in any conventional
manner. In one implementation, body 440 is a soft metal alloy (e.g., a zinc alloy) facilitating
deformation to close the interior. In one implementation, body 440 has a diameter of about
0.213 inch.

Spear 410 is formed of any conventional electrically conductive material (e.g., metal,
semiconductor, superconductor, nano-material), for example, stainless steel. Spear 410 includes
tip 412 and barb 414. Spear 410 may include an insulator on or comprising one or more portions
(420, 424, and/or 412) of spear 410. In another implementation, insulators are omitted and spear
410 has a conductive surface (e.g., 412, 424, 420). Tang 610 (FIG. 6) of spear 410 mechanically
couples spear 410 to body 440. Spear 410 may electrically couple to body 440. Spear 410
extends forward with respect to the direction of flight toward a target from forward portion 442
of body 440 toward a target. In one implementation, spear 410 has a diameter of about 0.035
inch and a length of from about 0.25 to about 0.55 inch, preferably about 0.40 inch.

According to various aspects of the present invention, diffuser 430 comprises an end
portion of filament 470. Filament 470 enters rear portion 444 of body 440, passes through the
interior of body 440 and extends out from forward portion 442 of body 440. End portion of
filament 470 extends forward of forward portion 442 and performs the functions of a diffuser as
discussed herein.

Various dimensions of electrode 400 and its components affect operation of diffuser 430.
Body 440 has diameter 706 (FIG. 7) about a central axis of symmetry 702. Spear 410 has a
diameter 708 about a central axis of symmetry that coincides with axis 702. Filament 470 has a
diameter 710 about a central axis of symmetry 704. Axis 704 follows the center of the conductor
of diffuser 430 through operating point 721 for defining various distances and angles effecting
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
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.,ina
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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tissue through target tiue and a second ./,, 728 < standoff distance path from operating point 721 to
720 and distgfg8,{ 481 TsagPear activation point 723 then distance 714 thrqughtip,doeusdid tissue;
second path may also include target tissue between point 721 and point 723, before impact, standoff

spear 41Q,gigLees backuard ARNAURN IR, fistance 720 is
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Diffuser 430 and its operating point 721 are formed and given an initial position so that
in use, operating point 721 creates one or more ionized paths for stimulus signal current.
Preferred positioning may make paths through target tissue more likely than paths through spear
410; and/or may make paths through spear 410 more likely than paths through body 440 when
body and spear are electrically coupled. For ease of manufacturing, filament 470 may be cut at a
tangent to body 440 to form diffuser 430. Generally, increasing the forward reach 714 of
diffuser 430 with respect to body 440 reduces the likelihood of ionization from diffuser 430 to
body 440 (also called baé’ikﬁactivation). Generally, increasing the standoff distance 720 of
diffuser 430 from spear 410 reduces the likelihood of ionization from diffuser 430 to spear 410
and increases the likelihood of an ionization path through target tissue. For a spear comprising
an insulative rearward portion having a length 712 and a conductive forward portion having a
length 713, generally increasing the length 712 increases the likelihood of ionization from
diffuser 430 to target tissue.

For example, diffuser 430 may be cut to a length so that while diffuser 430 is pressed
against (e.g., parallel to) front portion 442 (e.g., angle 716 is about 90 degrees), diffuser 430 does
not extend beyond or wrap around body 440. When body diameter, distance 706, is about 0.213
inch, spear diameter is about 0.035 inch, and filament 470 is juxtaposed against spear 410,
diffuser 430 is cut at a tangent to body 440, for a length (e.g., when straightened) of about 0.089
inch from front portion 442 of body 440. Consequently, depending on angle 716, the forward
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
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 comprisés
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
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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target material, spreading; stimulus current approximately the same as deforms diffuser {130, spréads
at least betwaen2atfiret1desward reach distance and pierces target path fromcqp@gg{mg,mm_t 721to
714; after impact distance tissue body 440 then through tip 412 714 < distance 720; and tissue and a

second pathfnvdistance m&mﬂ@nd&tm%%%%mal%%,tH{&}HQé“atéE&%ce 718 from
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operating point 721.

In an implementation having a conductive body 420 electrically coupled to spear 410, a
forward activation distance 718 may be less than a backward activation distance 714 to increase
a likelihood that spear activation occurs through or near target tissue.

A distance from a location of spear activation 723 to the operating point 721 of diffuser
430 defines a standoff distance 720. According to various aspects of the present invention, a
standoff distance is greater than half the diameter of filament 470 (e.g., small angles 716) and
less than the length of diffuser 430 (e.g., large angles 716). In one implementation distance 720
is about 0.05 inches when angle 716 is about 45 degrees, diameter of filament 470 is about 0.015
inches, diffuser length is about 0.089 inches, and forward activation distance 718 is about 0.089
inches.

A diffuser may be designed to deform on impact with a target (e.g., ductile, flexible).
The position of the operating point of a diffuser relative to other portions of the electrode (e.g., a
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 chan ge in forward activation distance 718, and/or a change in
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 jonized and conducts current of the stimulus signal. Generally a shorter path is ionized
and a longer path is not ionized.

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

to body 440 (e.g., backward activation).
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distance 714 tissue During impact with a target, electrode 400 may perform spreading initially

according to&f’cy"ztl?]?f/gﬁ%% 1 and subsequgntly accordi_ng to row 2 of T_abIePHJI/H&B?Oi}a%y& of impact
e target. In another implementation, spear 410 includes insulated rearward
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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
10 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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An insulator may be applied to a surface of spear 410 to font insulator 420. For parylene insulation, a
thickness of g appiieddgsulator is in the range of 0.1 micrometers to 76 Syyareysiglispeeferably 60
micrometers thick. A shape of spear 410 may affect the performance of insulator 420. For
example, the size and geometry of tip 412 or barp 4d4-0f spear 410 may limit a thickness of an applied
insulator._A reduction in the thickness of insulator 420 at a position on spear 410 may reduce the
capacity &fHe jnsulatoPprsKitieate to tip 412 andfticemeni14 to réstadienvéhtRiorethrbughtepear
410. 10Application of a voltage to spear 410 greater than a threshold may break,down insulator 420
near tip 412 or j 410 into a target A diffuser

according to varfSt&aEpeMs SRl hresent HVEHEAII AR BroviHE BYIaR ACE aR SR ovit ABreréingent

through |a target @stslisegssesl above, Whenssyhsgtantialiveall curregtthmaveh-adiffisstdscenducted via
ionizatign of a gap at a conductor of a diffuser, the extent of 15pijt i%%{of the_conductor may be directly

proportional to COPFERT GEITErES {RPSUsh target tissue. When su Fa P AIFE BN Sough a di
is condycted viafiomzeticncbfdsgapeat an |nsulator of a diffuser, 1 i
proportional to currentdeli 5@9& gllil(g@ target tissue. For e méaledprior to proyiding a current
through ja target, insulator 4%0 _éln1 tcondu ctor 90460 of diffuser ﬁ%ﬁla\% thaesg%)ﬁlép rzg\%greog\‘ a newly
manufagtiired f{ldAfenstamdnsiviisiaresufactlred diffuser lacks pittingp&etnagoimeldide apehother

physical evidence,of;paouidinee 25 /WO 2011/011635PCTRIS2 M@é@@@&%&m&t@&tﬁﬁo@é&ﬂ tor
and on the conductor of the diffuser. For example, a tip of diffuser 430 is formed by cutting filament

470 orthogonalyPHF AR By YAt 470. Prior to carrying a 8rfdArebHifiicrusd isiblg only
by viewing the figx efsliffiuseisdaRdaaking into the length of diffusent3ianeiibe edae ftinssdator 450
forms about a Od-.dte re %nglg. Ats diffuser 430 5 provides a current, cgé:fiucéor 460 %Ed insulator 450
may be heated |By 16hization aHa AfciRg of the current across a gdif B &l AXRRA d current contjnues
to be delivered Miasdiffase0430, insulator 450 melts, rounding cut edges of conductor 450 and
exposingconductor466-as-showninFtG-8--Contintred-detivery-of sucha—current-through-diffuser 430
results in additional melting and rounding of insulator 450 and additional exposure of conductor 460 as
shown in FIG. 9. AMhastBsenowntbsfarniivding ofirfsctatdsB0 4hittesposirebitootiiucior 180lkme
proportiongl to the ameuntf surendelivararyia diffurer 430 \Mhenthe fuient js delivered in pulses

of substantially equal charge, the amount of rounding and exposure may correlate to the quantity of
pulses of BifFameHEhRFREI MOy Aisigeess ticiDelivery of a current through diffuser 430 may alter a

surface of insulatosrAbe a@geaﬁag@%gt@fié@%h@sémfﬁ@m ffé@ﬁmngémmlmh ;ﬂfftg&%éﬂ;@ ﬁg&ﬂ% i 260
pitting, scoring, vaporization, and_carbon build-up on the surface of insulator 450 and conductor :
The amoﬁlﬂfi1 d'gfe 3 lt’éyti?)%l fgt?*lgogt}jﬁégc ' SBRAOH A SB RIS AU TS0 R GRRSHIBIHIAS the

amount oAcieriaelvaeaticndiorod gwaiatity 4fipulses sifictsenpetel wEyechthraligh tiftgerdd0 as
dlscusse%% QI}Q ?n‘é"&fé%?%r'%%?t@rt%tﬁg /9 ¥2rzetrfl%pgxn ga?‘baQ?X % resist a current flow through spear 410.

10 Application of a voltage to spear 410 greater than a threshold may break down insulator 420 near

tip 412 or barb 414 to permit a current to flow through spear 410 into a target.

A diffuser, according to various aspects of the present invention, may provide evidence
of providing a current through a target as discussed above. When substantially all current
through a diffuser is conducted via ionization of a gap at a conductor of a diffuser, the extent of

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



20Analysis of insulator 450 and conductor 460 provides evidence of a quantity of current that was

delivered thw%gztal /ﬁ?qu%t The amount pf pitting, _scoring, vaporiz_atior'h@f}gé_‘z@[%&p&iId-up on the
surface of insulator and conductor 460 is proportional to a quantity of times ionization occurred

during delivery of a stimulus signal. Forming a diffuser ta a shape prior to.use provi a hmark in
25meas U?Wﬁhﬂlégﬁfﬁé?rﬁﬁ’%aa I%?%Fcﬁo B%Wé?ﬁ ?Ffr%% él}ﬁgsnelé |2%$8 a%m&lfééfgb?y}; %? %5 eclg‘%%)g iffuser is
formed tahvesegylanting finragonahedgesady disbassettapioliement { anBiimrtimpreniaitation of

an electioge aceoring (o yaieun aspests of e plesrRtiealian N pleakedanridirs ayiffuser

)
that is noflllrrll’;%%td% e d4e ormed on Im with atarget. Because the position of the operating point
of such adfififéseisiAfaintaine ddgithfrspleur3ts G ame ko pOReiner ot el et tdiddssitéfectrode

may gomprise more than one sueh, diffysed - FQ fxpmRIeSlectrese 01 B of fich AQiinchides body
1040, spear 1010, a first diffuser 1020, and a second diffuser 1030. Electrode 1018 perfé) ms the

functions Bf SHEIRLHERE 160RE dECHSSEIRPSVECBSHI TH%S [R5edFU B AL Uifigete 2020 and

1030 respgativelyserfasm thaufunctionscata boeyaduspeastand a-gittiser sespeotivély asidiscussed
above. Far instance, body 28 \WO 2011/011635PCT. 1J52010/042 1040 ma implemented in a
manner sfﬁwﬁgété'bg%}%b?ﬁde OB AR &HEREthot S %wﬂﬁgéés%rlgggfgg\%%c@uaé@g ct)g1 glﬁl%ﬁs%gs 1020
and 1030aidsulatént frofinsadyol 830 aamdddisioletbek fronmrsptepntde®irthaasercendilionizatisn, Body
1040 may be formed to facilitate ionization betw fllament and.aiff i the Sintgrior of body
1048.61:0(:%{138113{,[0 east éh%ar‘% of %H%r{éﬁ%g?%g in 8@6%”()”% envirqnme.nl:tk?g?i_litates correlation of
changes wrweordseie(edglivirehuntdifterset? GaWisnarsavaee witkl eidymeessdid/or to an

insulator (filamentdiffyser adoiienalinsulaterwithin bady L10kumith anamauateissientidebvered
through a diffuser. Spear 1010 may be farmed of electrically conductive material (e.g., stainless steel),
| OformedP3fSRSOI G Phasdrare o TR d6EH EdiiBination of conducting and insulating materials as

discussed abovepdiRkslasity af-aascripiion dspear 1000menipises:fandotiisalmatéliflaproximate to
diffusers 1020 and Z{.2030 in the discussion below. iﬁ%g)eera}{géom fPClUd%§ %t'sl%(%{‘ndoa barb (not shown)

analoyouS B Y0 REHE B A6 I SRR S6EiTed to°Body £6455h ahy conventional
manner. SpeariA6Hba, malcetdotritaily-ibooupte tofardyt 104Kt SpERrand konsktetatdGorwded from
forward portion 1042 of body 1040 with r C irecti ' target In one
implemenflzgll%l%ur%1 {L é’gé‘%é?r %% ?gl %ﬁt‘?’?ve%mi%§§%§8&%%%%§f@g§éygéﬁﬁgg? éc/\ﬁ{r%r%t from gif%lfsers 1020

and 1030 thougliargentidslivctd sudivandnaplimehrating oS seEEL0RD oed HE Bt ddling,
forming, of.caudueting, flackions, incorporated by reference above.

20 Analysis of insulator 450 and conductor 460 provides evidence of a quantity of current
that was delivered through a target.

The amount of pitting, scoring, vaporization, and carbon build-up on the surface of
insulator 450 and conductor 460 is proportional to a quantity of times ionization occurred during
delivery of a stimulus signal. Forming a diffuser to a shape prior to use provides a benchmark in

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, 2 spear, and a diffuser respectively as discussed above. For instance, body
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“20A diffuser may perform a binding function in addition to-or in place of a binding function of a body.

When a diffuggy is1m@Glggnically fixed to a body, mechanical coupling of a flamegtte,asstfuser binds
the filament to the body. Diffusers 1020 and 1030 are arranged symmetrically with respect to at

least one glonardaorianA0az of badk 040, sReardQl duendan axis PesAIA! IRy 1048 o

body 75 1040 and/or spear 1010. Diffusers 1020 and 1030 may be structurally and functionally
identical &csHisAY BYBlaf eetitusgrahgeimadt | proxinnitastfroantedn0difssrinndaaa sl or tissue

of the targgtis facilitated dBifHserAB30 isifarmed of any conventional electrically conductive material.
Diffuser 1030 mechanically couples to forward portion 1042 of body 1040. Diffuser 1030 extends 30

forward of forwaRPPOrE FHAPBHIESr e 630l e d MEtLRR BREART LA HRE 5 Hod? £AB°8 80Bar 1010
through physital daiact. (ATfusesatéBi ay elegtrigally totpledo ispeani@liedvéa ovizatien of air in
gap 1054 between diffuser 1030 and spear 1010. Diffuser.1030 electricall uples to a conductor of a
Fiament (15 SR Sea LS Ahics PTRTERA AT T et e S e Spear
1010 as posbiblelihiledstilto MO B0 T1686RCHTLEE2 04010429 6B Weingvpdsitionér BH fomvdrd

portion 1Oﬁﬁzarﬁ&’ﬁn?é@%@n%ﬁ@e@éﬁ%&%&%‘%ﬂ Jppdy 1040 is about 0.213 inches, diffuser length

1050 is about 0.89 inches, diffuser diametér is about 0.015 inches, and a minimum separation 1054 of
surfaces of speatPEe1b0AAd g viUSER $030 dlseteni 0 DPdHeHEs MBI HetectigBlE Hia€eent at the

targed incleges Pigreing-ehergat issue Yok spesah tkARnek ensia e o diflusersizthrnd
1030, target tissue is interpased between spear 1010 and a diffuser. Activation of spear 1010 involves

“a current PaltS RSP EG et AsSE AOE dfsHiPHaMh TREY & RTRBTHEHT YK SN MBI EFusers and the
return pathrthietsghtsatifaisiss e (PaaiffUERY e daveRitip B3 .and a shaft 1031. The tip may be

analogous in struglyte 40pnd function te he ip,of a mechanical caupling Stpugtye or.speg scussed
above. The tip ma{)y e conductive. SIS ay comprise aninsulat r“that eleancaIy Insulates

the diffuserq@hgnichaftpericdpbfordhe Gi) ke pperatimippointasite Siffased 18 therelrcodirained to

the U8, PrE(IADIK BR0IRA P8 %991@1‘16@%59%é%%ar@oﬂ%vw@g%ﬂﬁ- frpeusiRdmaypigally direct
electric field flux away from spear 1010 to increase the likelihood that ionization and/or 15current paths
will includetaggieietibsdérectiom pafkpkftoF & HHfigseatmay maintain a distance 1 054 between the tip and

other components gl anplesiEade shropahauh [uneh; and ipacivif.lanast BrtetiRbalrlieska:

Maintaining may be accomplished by aligning a central axis of a diffuser (e.g., shaft) in the direction of
flight. 201 BFOTHEHFRp GG L ST B! ftiEerbA R ECIIT TG atshal BF igets

directs the dippamiayh ffomspibefoeemponenisdating aleetioge to increase a path or increase a quantity
be Aebormplsned ) IN{aI A brNG s A AEaE G A Lt TUSE 3 St L031) Shahey s ot
shown) frofre thedgir@¢tiomaofiffigiet. innsedtaanaihyple aebmtatiody sheftht 51t8Bdonmain flex 2dikwaddt tearing
target issyf;eruser binds the filament to the body.
Diffusers 1020 and 1030 are arranged symmetrically with respect to at least one of
forward portion 1042 of body 1040, spear 1010, and an axis of central symmetry 1048 of body
25 1040 and/or spear 1010. Diffusers 1020 and 1030 may be structurally and functionally identical
as shown. By symmetric arrangement, proximity of at least one diffuser and material or tissue of
the target is facilitated.
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



Diffuser 1030 may pierce target material and/or tissue. When target material and/or tissue enters a
gap between‘g,i ft,g@?#/[illq%o and spear 1010, the electrical relationship between diffuser 1030 and spear
1010 is changed. e a°rget tissue is positioned between diffuser 1030 aﬁ&@@é&?%ﬂiﬁﬁqe
likelihood of current arcing from diffuser 1030 to spear 1010 may be 30decreased and a magnitude of
current provid8d B P RRSHAR AP HBESRRIRN W@ug#ﬂﬁﬁ‘%eld@m’rﬁ@%@étlﬁ%% Mgy iféfesse.

The structubestdistisssrU-abaYR @ ROMPANSDLs gan @BCiheHe: Nayhe corpRired ysie conyentional

mechanical and dletical technaloglice n yarloys mplementations of the present ugniop, For

example, énﬁodgy and spear may be forme
20111011635P@THAIS2010/042962 avoid the cost of assembling a spear with a body. EXAMPLES OF

THE INVENTIO ' Q t.unjt provide urrent.through. tissue. of a target, The current
inhibits 5vo|untam%§v%%g§? %{% %g%‘éﬁgé%?%\é‘%%p%@%ﬁ ﬁer{ﬁlflﬁ%%(ga&% fﬁ%sﬁlgitﬁ %gﬁhlgg%?one
electrode, Htl@aseome firamenel ahduassrdpeliand NP ererettttestitamiatarzorme detmicalipeodpléd to the

electrode. ;hhe; @lgattorespeludes presbs o1 8RreadiRgthe CHrent mrolBroReation  the\nrapsllant

propels the electrode away from the housing toward the target to extend the fﬂamenj[ from the
deploymeREthRIBWa A TRE IR O RSt e S BT uprascRL fisdE tohmathiFrRes HEEplsWe electrode

into the target. Thedikimenhephductstiheiarreata Biie tshe pasitipmandoiienatenipkthrimeans for
spreading the current, more .of the curyent passes.from the filament to, a surface of tissue of the target
? g ot% tip o eﬁ fi ﬁﬁ g?'iﬁ%

NG St TRHBAATIEE SSEORE, o HEPIBTHBRY Unk 5rBbiHaY a

thanis conduc él&tbcilnihe Sletrode o Tiestic Btk
current frobe ecsigvaivge dratdiftheougly tospe of @ Iixteget tminhibitivalyrntanlane tendéiitdey the

target. Thee@(epéﬂxmea%y&i%?%g%ﬁ Filapent,a 981?\?8%@%01?@%{%9%@%‘%% %,]%?AL g?@@e

filament conducts the current. The housing retairis'a first end of the filament. The electrode is initially in
the housinp-IR6sEHRNONPtHECSrBpairaifherérHoufagspropertindieie fivs d & emvapsrony thisidusing to
deploy thefHaeneRttauasth e 36atrbheFIaCYOrP SOmRIISE $a ROdh AR QRIERH GRe/bhe Dody is

mechanically coupled to the filament near a second end of the filament. The first structure, after
depl(]ngeﬁﬁrfﬁ‘étc%h?c‘é’l%lﬁﬁlﬂfﬂ%tﬁ% B5Y§- to the target. The second structure, supported by the

body, spreads theleiisheftdrentithedilameniitadiow ngpartdhosughthedtirslesipigiurerand in balance
through the secondtgt(glflcture. Théred a deﬁloygenthlrmlgpl-ovulr?%tﬁtcurrent throi%h a target, the current

for inhibitiﬁarﬁg(\)/%ﬁﬁntarfn rﬁ%‘“‘fé%‘%en%‘iz%é’ arg%q.C fie ](rané)l%c)} i8S At 1e%St one electrode

and a propéHaritiihg miedteodednglishes afildiment, amveans fori e chdifficalty € oL pling) thetelectrode to
the target, and.mmeapsfar, 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

betwén the condugioishatPISTRIBES TR eribefiafiealiffesupimigrrrewitb drrs somaBiid ssitispen
electric fieldrisRasitigNed/ k@&ﬂ@t@é&&ﬁ?dﬂ@ﬁig anay fiomdhe merps fon path or increase a

quantity of paths of current through target tissue. For example, directing tip 1032 away from

spear 1010 may be accomplished by initially aligning a central axis of diffuser 1030 (or shaft

1031) slightly away (not shown) from the direction of flight. In such an implementation, shaft
25 1031 may flex to avoid tearing target tissue.

Diffuser 1030 may pierce target material and/or tissue. 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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mechanical coupling. In operation, the propellant propels the electrode toward the target. The

filament prov nt to the electrode. The electrode is capable of foll rent to
‘QQS% it @) 2011/011?:@%%1&@%%

target tissue via the gap and/or via the means for focusing. W /042962
Fourth, a deplpyment unit roviges a current through a target, the current for inhibiting voluntary
movemen?‘b@d(t) etcaorsdeﬁ? alé%%nﬂ’ BBt UHitiACRItes at least one electrode and a propellant. The
electrode includes a filament that provides the current to the electrode, and further includes a

mechanical coupling structure. The mecgﬂ £pu 'EQFWE i is(g ctrically isolated from the
filament without an ionizing voltage betwea%*rﬁe@mmcﬂmupﬁgg'sﬁucture and the filament. In
operation, the _prﬁbﬁllaﬁ@pmebmheiétget\rb@e towsetl theoteglydtsTheleléugdd e hrovidest heiitrent to
target tissyg wig & Rt ResPreading RIS eGP aRARICa HeQuRling: SIRUCLe and/or via

the spreading structure. | OFifth, an efectronic weapon provides a current through a target. The current

inhibits valfsERentdveaticmediiame tarit amrerelsatronie FeidheiRtimsas ia merhanierilicewif a

deploymery iei¢ rateeopatate ta-dadnshalderstane elpetrade iowardihe target. The launch device
includes a signal generator 1}?{ provii{gg the current. The geplog% ent lg;it includes a filament and the
I

electrode. The fitAMBHE B8ty REOTBIE tRE SHBh Sl GHRSrABFYS MR BIRRHUERS TR ML BEs"
includes adexiyrentcfitionditefbadshd dsphofonaarehipartioardiitie retereritertougedivédttoricotfight of the
electrode d.the target, The tip extends forward of.the forward portion. An end portion of the
ot o B R O R R DR 80
portion progideanthed quiveiatitr ob gie thieaay det sSbading deploymienmordoptbvideteat cassentrough a

target. The, cyfitent-nRibitg L0volinian: movemenk Baihg [iaekd0e,AspIoxmeRE Wil clies an

electrode and a means for propelling the electrode toward the target. The electrode includes a
filament, D ESE for binding the filament to the electrode, a means for lodging the electrode into the

target, and a megawial spEpadin@thencupreiidn isskenf hentargeta i diaenieendidsts Bre current

to the_means for spreading. However, the means for bindjng_is jnsulated from a conductor of the
25filkmenEH L BT AL R fhedrs HR o 2 B Sl R S SRt the

conductorhof: e fidarslent wdthend optzpditant. Tha Ojpatator it deptoyment Uit tecrivesagpesating
current condu teo(lit means for spreading.. The means for.spreading su rts a path by ionization
to the megrglsr%%o? 0 %}ng@a&%@id@haeﬁggs Oél% plgr oror thnetc%PrJej)lnSﬁn 30Sev ﬁ%&%ﬁég?ggﬁ%ﬁ%nit
provides arciheénttinobryipcdstdrgelefdrddhibitizgrooluhtaryusiogambapt by theefareat. Therdetoyment

unit includgs,an sigeliede,anda,praeelaiderpioping e alestiodsdonar e Agetolhecelectrode

includes a spear and a diffuser. The spear mechanically couples the eléctrode to the farget. The

diffuser ispdRRidhREEY Reagtercadapa diediamens i§pfepucture, after deployment,

mechanically couples the body to the target. The second structure, supported by the body,
spreads the current from the filament to flow in part through the first structure and in balance
through the second structure.
Third, a deployment 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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WO 2011/011635PCT/US2010/042962 In operation, the diffuser provides the current through the
target in accoygdpneg yyiy@ position of the spear and the diffuser relative top@{%zﬂ?&h‘ﬁ'gye diffuser

supports ionization of air in the gap when a lower resistance path for the current’is not available.

Eighth, an electrgde jncludes a spear and a djffuser. The electrode is for. launching Stoward a provided
R T R e S A R Vo SRR e BBy the

target to provide a curren Wi g
target. Thediffteymisposiivhediz length Tha gapoefraintawayrfcbriethe ispeancdecdiffieserdprovides the

current thigugl i el i akJaastane. e spaar andihe dlfuser n agcordancavifya positon of

the spear, the diffuser, and the target tissue relative to each other. The diffuser supports’ionization of
air in the daphwhdsladeienrekmtisabeopntingotrrome. chhenerhpuedvalabie struasirtks an electrode

for laynching:tavwakdi s RECYigeH targstRIOVides Qe U it iR 818ianal geperaton thrangh the target.
The signal generator is not part of the electrode. The current inhibits voluntary movement by the

target. ThEBREOUEFEIEARS RHHHRP S pear, and a diffuser. The body includes a forward portion
with reference tola dieesiian okfighiclihebpeleaisede-tavatd thel taeetedihersperkisomechanically

coupled to the‘éor%%rgu@ort'{ n of th bodcy\./The dmjser q{s} mechanicall couple%to th forwgrd portion

of the body and positioned a length of & gap SFPAIF Way r%?ﬁrﬁ%@lg%é%)é.c The'SigliargekBistor is

electricallyﬁ@mlmgatrécm@ difﬂdgenim}mra@ng_mr_mm_e the current to the target, the diffuser i_s
capapje of etectrigally 2060upIAG to:thePRRatada, Quization alalrBuIe 2R, (s AaRARIR Gl oUPling to

target tissue without ionization, and is capable of coupling to taTget tiSsue with lonization. Tenth, a
method is PeHSHH SRS BCaEPTO BretiniT heelrasnaisgvaaparrartlmes udrradadseicamid current inhibits

voluntary sevement ixithe tasggbrdibeonathadinclydssimameasastical arder () prensiing an
electrode of the deﬁjlt%%nent unit toward a target; (b) 25positioning a diffuser and a spear of the

electrode fiY'9rhes Bf 108l §°RHA L AR SRS RS UKD oHie Aot R SR Ve et fuser to
deliver thefitarrrentnd|éventhiraduetiteditupetfersatcbyacdepleymentaniséacproviding a current

through a target, The current inhibits voluntary movement by the target. The method includes in any
prac%%al oﬁrijl egrrzofiae)' pro%%ﬁﬁﬁw%oé]% @ éléér/eos e%8a?%a3 d%ﬁ’lgyr?[f}é%){)%gﬁ't %Sv%‘aftf) aafgr%%rtntoé’i%lgéct the
30target; (bh@s%t?swém@focéél@imﬁ&gp@@@tnga@ﬂe&mnﬁ didiffipserafdhésiectrotie relative
to target iggugr (kI assardancenibpgstioning.providing a et Brouoh, s argela any

combination of the spear, the diffuser, a first gap of air between the spear and target tissue, a second

gap of air PERifeR N REaPaRiPthandifhastr, Ahe enehieléRiprse difh dvearetidhamigsdhatiktarget

tissue. Sixth, a deployment unit provides a current through a target. The current inhibits

20 voluntary movement by the target. The deployment unit includes an electrode and a means for
propelling the electrode toward the target. The electrode includes a filament, a means for
binding the filament to the electrode, a means for lodging the electrode into the target, and a
means for 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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WO 2011/011635PCT/U52010/042962 Twelfth, an electrode provides indicia of delivery of_a '
current throughg»ta5agkc3he current inhibits voluntary movement by the tarpg{,lgé}glg)@%ghr&de includes
[ [

a body and a spear. The body includes a forward portion with reference to a direction of flight of the

electrode toward%? tglrgqet. T e spear mec@m&a@l%cou éﬁs to tk;g(}e body and extends forward of the

5forward portion %t?lﬁ)e ody. An IhSUTAtRE Wire MeCHASTEAR E8l SIE L At SHE RS a"db i ce of the

current. Lol haasihtdiofphe wiretipr diffices defovmatioreef thewvifErcTdiéfmiresispmeshianizaliynegupled
fothe body, /A sad pofian o1 dhe i extens onaicalihe opyard paion of the body. An insulator

of the wire concentfates an electric field of the current to lonize air in at least one of a first gap and a

second gap. TheFighthe slssaiaie haledndunen ehdetEuies fldmdeetxsieds. fhbisetong gap

separates the.coagusiasdiamtargqionide; dopiaatinn abipininithergap authresviig heat, provides
indicia of de %g)f the current comprising deformation of the wire. The foregoing description

ve ( t .

discusses PrEFEFEd S BBERIRE S5 prBs g MG IR HORTE g B thaAR 88T Fauifies without
departing fherspthe sEbpeititithepprereatiiaventan taﬁoﬁgﬂaférnelﬁgaa xt{)beacl@im&faam%ég@é?@min

arenthes sed in,the alternative or in ractica ination. As used in the .
Epecificatiglr% g}?gﬁéb Si%éﬁ%ﬁé%\?&d@l coan%?llé]i%?ﬁ?trggl? ?ﬁ%'&gn(g?ﬁlé?ﬁhﬂ“?r&h%%%%t S BpEretNted
statementtefeeerpbeient strdicfuserssapmiios fomctioms diathe sipegification Al elaitnis e pm}idsr'a_l' and
an’ gie usgd ag Rdelinite AHicles meaning ‘one or more'. While for the sake of clarity of description,
several specific 20embodiments of the invention have been described, the scope of the invention is
intended to be mEHtré8 e famauashias fonaBaloveyiNed SIEPPOIAIN S Whentgrofaimed is: 1. A

deploymestoupitderepiayieing enaHEranidroma signakasiarater hrpuah fissla Rebadarget.the current
for inhibitig yaluntary moverent by the target, the deployment unit COmpiSIng:

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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a filament for conducting the current; a housing that retains a first end of the filament; an electrode in

the housing;ypddQa Akgpellant in the housing that in operation propels theelagisadmaway from the
housing to deploy the filament toward the target; wherein the electrode comprises a body mechanically

coupled to the flaaeh 2 assons st ol e flaman » it st ek qechanieally couples

the body to the target; and a second structure, supported by thc body, that spreads the current from
the filamestrtont Sifoiihvohy ayonghethenfilst Steuetere dhd tepardadadiasagH tHe staseEatructure. 2.

The deplaymoentypi-aleaim Lahessin e istaiuaiire comesisss amalrcHieally igytated tip. 3. The

deployment unit of claim 1 wherein the second structure does not mechanically couple the electrode to

tissue of R BifgBE SIReTHE LBy RISHETRIbE coaniss iRt radersAde dauditedRivates current

flow throughutheifiististiuetues iy hendeployaent-unitafsialn;l ysnereinhh el ateeiadosirsmitieos
comprises the secongﬁen%f the ﬁ% ent. 6, The deﬁ)tljg(}/ment un}; gf claim _}ﬁ/vherei.n the second end
of the filaM& TR directSA 25XWE Holh e FSESFTATIE Mo O §EiStoymeRttinit of claim 1

vyherein armmﬁh)ﬁcaﬂmxﬁ';mtdstmhm.hﬁmea?cesintchgose?mnﬂthtmcit e isnékettricaldyoinsalaterkfrom the
frst structyfe. (9, cpeauEage SRISACIG0LELEDt WA OIS IR ALAIE e AnThegeployment

. orgy .
unit of claim 1 wherein e second structure comprises the second end of the filament; and
ionize air in at least one of a first gap and a second gap. The first gap separates a conductor of

10 the wire from the spear. The second gap separates the conductor from target tissue. Ionization
of air in either gap, with resulting heat, provides indicia of delivery of the current comprising
deformation of the wire.

The foregoing description discusses preferred embodiments of the present invention,
which may be changed or modified 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.

34



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. 9. The deployfight.Enit
of claim | wherein the second structure is defonnable on impact to improve spreading. 10. The
deployment unit of claim | wherein: the electrode further comprises a third structure that spreads
current from the filament to originate in part from the fEit slg)gture in part from the third structure and
in balance from the second structure; and 5the balance & urrent by itself is ineffective for inhibiting
voluntary movemeékhtyithénimegbis:11. The deployment unit of claim 1 wherein the second structure
comprises a diffuser. 12. The deployment unit of claim 1 wherein the second structure comprises
a diffuser that activates current flow through the first structure. 1013.The deployment unit of claim 1
wherein the secorld struéuﬁr@’lfbiﬁ‘ﬁﬁ‘sé%"a?‘ﬁﬁﬂ%\é@%@rﬁﬁﬂﬁﬁa Eamp eragiakeesaten Braud\iirge

through theodifftasest, the chfred@ CRRIBHMEND HAILES flaiRENYROrRIN The.sa80RdBtHAtMIGFRMPriSes a
diffuser comprising a tip capable of piercing tissue of the target. 15. The deployment unit of claim
1 wherein tAEE8ESMRI structure comprises a diffuser 15that spreads current in a uniform manner with
reference to the fissfibirseiufe teadlingdnta pluradity of hot spots of current density in tissue of the

target. 16. T_hgkgo%lgg%gp}e%gsog ﬁ}g{rg ﬂ%{ mger%pathgl ﬁ:aco_nd structure comprises a diffuser that
spreads current in'a hon-aniform manner with reférence to the first structure. 17. The deployment

unit of claim 1 whenestethredirét Stedtusmgomerises a first 20resistance greater than a second
resistapce of the SECARENBIHEIWE housinkSnht ﬂ?@;&gi’éﬁgﬁ%ﬂi}dﬂéﬂp{h@ rQuidipg.a cHyr eRLirer R sigpal

generator through tissue of a target, the current for inhibi Eﬁ%/oluntary movement by the target, the

g ! !
deploymentQfeptantisdlagent firvraehibolesesidubsisinte elasendeZomPBsRsing that retains a first end

of the filament 4 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 wherein the first structure comprises an
electrically insulated tip.

3. The deployment unit of claim 1 wherein the second structure does not
mechanically couple the electrode to tissue of the target.

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 wherein the second structure comprises the
second end of the filament.

6. The deployment unit of claim 1 wherein the second end of the filament is directed

25  away from the first structure.

7. The deployment unit of claim 1 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 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.

9. The deployment unit of claim 1 wherein the second structure is deformable on

impact to improve spreading.
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an electrode in the housing, the electrode comprising means for mechanically coupling the ejggtspde to
the target; and means for positioning a second end of the filament so that the current flows in part
between the means for coupling and the target and in balance between the second end of the

30filament and thejargety, 4.8y dbE: daRIgyMant urikofglaim 18 wherein the means for
mechanically coupliné comprises conductive material and insulative material. 20. The deployment

unit of claim 18 wHEriFFtFHREFiRERE RRARSERRAIAIY LOIPIS Gheb Bt RS urepb Aioge tp fidmmgnt to

semi-condugtphmeaienat: Molhfrirst structliieid gpleYranhe of sabndbtwhereinmers#h the current
from the filament flows into target tissue from the second end of the filament than into target tissue

from the mEEREGSHHIETaARAIlY coupling. 22. The deployment unit of claim 1 wherein the first
structufe comprisés: tahdisetofematerisl st inSutdfbce vadte fiahibiting2d [ihergeptoymethyrtiecof claim
1 wherein t&? g{st structure comprises a spear comprising semiconductor material. 24. The
deployment Uit of claim 1 wherein more of the current from the filament flows into target tissue from
the second structdfte thahlinderdegetetissni dforithel firsestrudiarecond structure comprises a diffuser.

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

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

14, The deployment unit of claim 1 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

15  that spreads current in a 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 non-uniform manner with reference to the first structure.

17. The deployment unit of claim 1 wherein the first structure comprises a first

20  resistance greater than a second resistance of the second structure.

18. A deployment unit for providing a current from a signal generator through tissue
of a target, the current for inhibiting voluntary movement by the target, the deployment unit
comprising:

a filament for conducting the current;

25 a housing that retains a first end of the filament;

an electrode in the housing, the electrode comprising

means for mechanically coupling the electrode to the target; and

means for positioning a second end of the filament so that the current flows in part
between the means for coupling and the target and in balance between the second end of the

30  filament and the target.

19. The deployment unit of claim 18 wherein the means for mechanically coupling
comprises conductive material and insulative material.

20. The deployment unit of claim 18 wherein the means for mechanically coupling

comprises a spear comprising semi-conductor material.
36
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21.  The deployment unit of claim 18 wherein more of the current from the filament
flows into target tissue from the second end of the filament than into target tissue from the means
for mechanically coupling. ‘

22, The deployment unit of claim 1 wherein the first structure comprises conductive
material and insulative material.

23. The deployment unit of claim 1 wherein the first structure comprises a spear
comprising semiconductor material.

24.  The deployment unit of claim 1 wherein more of the current from the filament

flows into target tissue from the second structure than into target tissue from the first structure.
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