o

10

15

20

25

30

1 5 SYSTEMS AND METHOBS FOR | MMOBI LI ZATI ON USI NG

CHARGE DELI VERY CROSS- REFERENCE TO RELATED

APPLI CATI ONS This application is a continuati [N

part of and claims priority to U.S. awmmmﬂmmmwwen al

No. 10/714,572 filed Novenber 13, 200 W
Snmith, et al.; and clains prilority under 190935 U. S. C.
119(e) to U. S. application serial nunber 60/509, 577

fil ed SHSTEMS BAND MEZHOD Dy ORAMMOBIBIZ ATION BSING @HARGE
to copending U S. application serial nunber 60/509, 480
filed on Cctober 8, 2003 bpgPaygrek Smth et al.
GOVERNMENT LI CENSE RI GHTS 15 The present invention nmay
have been, JROSBMREFERENCEERD RELQIAHIEA PPOICATION. S.
Gov.@{inrreEt t.slgonsor ed research. Accordingly, the US. _
CoveElrhBATIAAYE &LOREPNGR 1 Rarkefead piqims priasity tn/d&t snphication Serial

NoAIe7 14362 file@ Movembér 17 2@ 15 HaGIBY 2GRS %.;ra?g Wals n@b‘ﬁ under
%to(snt gvvner to license others -on reasonable ter 4
35 ﬁ S dle E)rU.§yaRgl\1§att0@rSﬁ§al e/ Wot5 7Ridiled on October 7, 2003 by

N0 92t - : £ f
b Resear cﬁ &%QE?QEOLI’%H%Q ?&SEQ%{ME% %ﬁgjlirﬁ'g%)%‘lr r?eb\}ﬁpés’lh%of filgd n
Octpbes $e03 by Vatrick Smitbehalr al |y rel ate to systens and

met hods for reducing nobility in a person or aninmal.
25. BACKGROUND COF THE | NVENTI ON Weapons that deliver

electrified proj QVEBNMIAVE LICENSEREGHTSr sel f

def-g | aw enforcenent. These apons typically

dot 17 BFes R ot B P B b e e B o e
Goteamngent sponsral essaroh. heedogigyly,ake U GoRémmEeRehas a paid-up license in
thi GOV ntéﬂg al&}éll ass of such weapons i ncludes conducted

Séﬂ‘éeng}l @‘E L By lipiicd quepmstances fq 15@vire the patent qeaertatisense others
on BaB0ablekemnsal Grodi B ForlB2tht Rrie®¥ontrd A RRENDB0 t’ﬁ@ﬁé{bﬁg% awarded by

e ire projectiles toward the target so
thegégcc?t‘.’?gja%aéké ed by the projectile make contact
with the target, conpleting a circuit that delivers a

stinmulus signal via_ tether wires through the

el ectrodes and thr EN r conventi onal

C OIEoH B R B8 B Yhr ¥R AN AN S0 4 | 8kl

deliver_a_sti mJI)bus Si gﬁ%ﬁofﬁrn%ﬁaggggf{ég% %ﬁ@%ﬁ%@%@% fr?r
redyce raeRilitiin 4persRB or@Bigibt when the target is in close

proximty to the weapon. 35 The stinulus signal nmay

include a series of relatively high voltage pul ses

known to cause i TIOM tine that

G
(o S D R L e bR\ o B bt o

enfoyprinent eTheserwyreposs typialijodeiiver atstigmits sipBalthenph fiddet where the target

18 a?éﬁéﬂjﬂ’)c&%bog Ia.? %lﬁ.\’sablo CC%/%C?%?’%S%O@? lﬁﬁtal C\)Iﬁsla.}gh }hylﬁ Ig)@.g gcfu?lgseconducted

energy weapons of the type described in U.S. Patents 3,803,463 and 4,253,132 to Cover. These
weapons typically fire projectiles toward the target so that electrodes carried by the projectile
make contact with the target, completing a circuit that delivers a stimulus signal via tether wires
through the electrodes and through the target. Other conventional conducted energy weapons
omit the projectiles and deliver a stimulus signal through electrodes plaéed in contact with the
target when the target is in close proximity to the weapon.

The stimulus signal may include a series of relatively high voltage puises known to cause
pain in the target. At the time that the stimulus signal is delivered, a high impedance gap (e.g.,
air or clothing) may exist between electrodes and the target’s conductive tissue. Conventional

stimulus signals include a relatively high voltage (e.g., about 50,000 volts) signal to jonize a

T
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2 5 pathway across such a gap of up to 2 inches.
Consequently, the stinmulus signal nay be conducted
through the target's tissue w thout penetration of the
projectile into the tissue. In sone conventiona

conduct ed energy weapons, e%relatively hi gher energy
wavef orm has been used. This waveform was developed

ti
SIS, 5 DS A S L] o
conductpd W@@ﬁhﬂﬁﬁigﬁt’s thssue Without pmeﬂr@umt&bﬂﬂ@ projectile g€ the tissue.

ene mavefo re C ed El ectro- cul ar sruption
(e RIS hgfded feravaTapns. S BRPED eRsE bRy cform
has lﬂ:elUuéﬁd Phis evilve fBan Was dévieldped £60 bud@8 Asih® at¥3the izl pigs to measure
th ﬂ_ filed enber 12, 2001, incorporated herein
CB?PSE ?Isfesrpé?fl%er"é‘ﬁe@m%i G AT R PYSPIGS Flnuaion. Devices

usu’iﬁthm,ghér SRy Shavbioft 8l R YIE QR iis Gt %ﬁﬁ'uﬁtfb%ISEMD) devices and
eletal muscle to violently contract. The

are\Qh dhertperacRpBdY daveriipd v BirS: Pefeet Anpbicationd€(016,082 taRseick Smith, filed
De&hitef D, 2061 %&Hl'p%fat&ﬂ{&é'u?{) thifsar'éf%&éﬁ e. L2y EWH9 W?é’f?{r[]ly applied to an

| ockup ‘of the skel etal may res
anipghpskeletal mywpele typicalin ¢wsdlr1at skeictalirausgletio vidtehtly tontatte [Khe EMD

wabdltin] Sl RhYFb¥rhig! ﬁﬁrt &esrn%;fvolﬁgfgy SR ELALAN 5o o i

produced from a power y ener
invelygiarydockup of the Skmmieamdonay xasdiﬂan dbmplete] imiobilization of the
tar%ewce includes 8 AA size (1.5 volt nom nal)
atteries, a large capacity capacitor, and '
t r abefbiwnately, theaeﬁﬂvejye hghateﬁelgy EdIDatateftahDis @ehdRblly prBdied from a

. 1ethered projectile. WO e waveform of e type
hight P Ep By Birpden i R lnet ion Gy cidipncy Bvice.
mchﬂg;r&%AAlerzh €1.0wblt hedlink¥y battesiey, aldrge 2Rty dapatitbE @8d ﬁansformers to

veI h volta |.ower anperage pulse (t

genf’%rerﬁ an” t?’/lép@g?"gﬂﬁﬁn% g‘ﬁbed&gmﬁ‘ft@%ussed above) fol I owed
by Atwepused wadegorﬂnwmoyﬂeag&nbe@ ingh 8 PASR ApPBEtiBH16/847,447 1o

the Ef f ect.s. on skel etal nuscles
Ma%‘éea"%ﬁe%?‘t gla\%ﬁ‘t?% Pé’d ef @ sdatiysiydyish Ypiiaes denpr peperage
puléel(®> ivbanarcalirotigh ;dga@c‘au IRadsclbY ) fdliaved b%'rfiahéve?y low voltage,

: i fican need nore effective stinulus signa
higes AmperaE lse R (e FeFeG) EEaS R kel galmolss ay B achioved

with BB Test m@@tthaﬂds&%hblem %véfﬁhﬁ'ﬁﬂécﬁgedda%?f I'n the
decade precedlng hIS application, annually over

30, 106t SpisiR denificant need Builaineare oiestie stimuluhwigriahfor wek in conducted
ener%tyaﬁeﬁﬁons E&fnﬁrﬁﬂlhzetm%ﬁ'ﬂgéet ithBRY lbs%ﬁé 91‘\7\4%%? ﬁ%art]l? 313 the decade

injured as a result of confrontation

precegding ithisappligetigpesnsugly qvae3 G&9meaple dish lof buumwhmysam the United
StatE¥ qﬂn‘!h@tr ﬂﬁgsaﬁﬁ oﬁceodfﬁtzé}gé‘g Fﬂg@a a$d ]EEBIE{]{ ¢ coﬁgx&atbq%lts %gth non

are injure € process o
conmyg;;t@@ynbewqf hhﬂgeneralwmahmch lyebrnﬁvbmlzlfgef mumisbed dRtkdst REn-

confPit oB0ikRE g Vurkd 1 BiSe s GRS ks B e eBes W
systbms amhheth@.ﬂ; foodeliearingundre effefies gimuBOSISRAS, furthlexi improvements in
W renal n

t f duct ed
cost TP, e B TG it ermabe SmFoB el ey wegpons.
Apppicationsl foricontens efkrgeivéapdef \eﬂlsremﬁuﬁ linfiftt Miaehp@tiSs law enforcement and

failing to provide increased self defense to individuals.
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3 5 SUMVARY OF THE | NVENTI ON A net hod, according to
various aspects of the present invention, for
immobilizing a target with a stinulus signal coupled
to the target via electrodes includes, in any order,
(a) providing the stinulus,signal in accordance with
a strike stage; (b) providing the stinulus signal in

accordance W th a dilhatPes TR ANUENTRYPVI di ng the

stinulus signal in—_ﬁé_rh_a_r‘e's‘ragcor ance w- 10 stage. A

ci r&uamathddgpecordnpsp Varigus gspects i thstpresent duvediiony fardmmobilizing 2

i . | tion i ncl udes.a

el 4SRN e R Ao PR i B Bebual o RS @
proyidingatbe ghimaizs sigrial inclotadanse withiarstrike stagé;(B) providink e stiulus signal
. charge st.or ac ircuit to the target for di.scharging .
in 808 SO S0 el eV N obis ent 13 S with a res
stagent 0 the target, obtains a second value, and limts

di s harﬁLP?. after. .15 del i ver% of a predeterm ned ) )

char GECHEIOT HRmeizpe # Kregh AP U ARG & Varons #Saests ¢irths prosgnt iavention,

incRidek 4 dHargeetonsiyd cirvidt ad-a pleRsdor CBéuity AthY Brdeisb RN U6tatn? a first
initi char stored in the chara;ls_t or age

an I e
valps, FRles, ersheree e Ao t9dhe racelop disehsraies the eharpavierage cirouit
andHéf0érinoYa Rbrge Mab BR tﬁ%%{j Staihdla Eer&_gnc?\;bﬁ.{egﬁldslfn%sarﬂﬁhargiag after

circuit. Another nethod, according to various aspects
deliyeryo@ ppedsterpined phaggetls dicated in aqepadhideivithribe fizst vawepd the second
1t tol | j arCiRHR] r ' .
v el ectefﬁgites, icnc Sgégglg &% n any %oéee%’t Jr%:’ﬁ%o&g;rggﬁogﬁgﬁﬁmmt' The
seceqd-pdup qofrespehdscio podment quantitysef, chalge steied :in tha charpeibtexgé eiscuit.
ap e . ioni zation potential:.and.. .
R A 830 R 0O R AR 0
a target with estiomlys sigual calpdadtto B@(amgbicrio eledttoded) mclh@edin(@y order: (a)
. ' 0 forma series,of puls havi
ol SBEALR0L RS ol LOLLE B LS8R B PSRl A B o
ionjgatfongmiantial; aml cabloprilse33lipers 8 eBargein avempe oflabofit 20 fédibdoulombs to

r g Al | aspects of th resent Jnyvention,
sbofE AR HRBol b ahEY LPERPE B o o plies ity pute
repatition aage ircd rangs d¢f aboud Sapulsesee S&ohd & 4boul 30. pultBEpd? 5&BEE.S OF

Ci r&uj t .tcougl s the. charqge f&lgra e circuit tog the, . .

t ar T Yo ai R & r gimy a?egfw PERSH JryeRtipne fefrmppapilizing a target
inclhdesgeshaipe glofuge bigcuitand @ ptdcessbr sifduitaTRe ProeERédr WUl @BPles the
h thag) an Lon{é tion &gt&n@@gl,; and |imts_ discharqgi n% o
Charer SIragg BTt 194 tarEshiet Grebaraine # sterethphsegsdhropete the tazeet beginning at
a il wAGES magdithdeRbthsh AAbAiARNPRERHAIVHR 1imiRRA i8R P 3héh 2 voltage

v,olé%@?e magni tude is in accordance wth delivery of a
mory VP PIRERFS A SHFY ECTPSSEs & bFRsheld yolires rapritude. The thershold voltage
magt@08d BG ARBrdaMRQtifHEeliGdry 644 &9&? i |

%?gect s of the ger;lglgglﬁt%r? ﬁgéa%l%efi%n, %rcgigﬁ%%i%ﬁdznﬁggs Sé(eletal
musclercgatragtiqel udes a charge storage circuit and a

pr . Gl s ' ' [t ples the ....

Gy e ksl Ebling K0 GO BRROP e B lekl iR by obitizing o
targetrincludasashagh storgae tiuiagh a proeessar gpetit. DElgH prodesgr ciaduitcouples the

L itude Less than an jonizati o
chaigs itbant st 36 S G Bl B2 ot e g i gt peginning
at a ffizgh yelthge Timgnitudetess thah an Anizaticapuential; tid Kiaitd disdhyirgdfy dfter a time
has Ca%ﬁ%?;@{e r@g}%qg incalggorrga%cé with 885]\;elrynclil aupsfede‘fc’el;ig{ngé 2}|1argr£u ozc‘: clzo%tinuous

skeletal muscle contraction.

Circuits and methods according to various aspects of the present invention solve the

problems discussed above at least in part by more effectively immobilizing a target, by reducing
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Crcuits and nmethods according to various aspects of
the present invention solve the problens discussed
above at least in part by nore effectively

i mmobi lizing a target, by reducing 4 5 the risk of
serious injury or death, and/or by immbilizing for a
period of tinme with an expendlture of energy | ess than

3,

B T O

expangdigyre phenevgyl lbss imaw spserhsmsinptectohirpies ofttbelpndrakt. r ef er ence
to the .10 drawi ng, wherein |ike designations denote
like elements, and: FIG 1 is a functional block
di agr am of a s)BRIEMDNESGRIBTION OFSTHRDRASVENGNal for

zati o accor Ln vari oys aspects of the
p r esmh?&lfnﬁgté ] ﬁhs RTeSH V%’Qthnsw@ ﬁle s ﬁeSﬁFB@leth reference to the
dxasmg Mspen lllﬁ:rﬂeklgi’mﬁbhsl denofeiliRs et angsed in the system
|mr1 d|a ram for a

3 a
st i ﬁﬁ Sés %f"é’ﬁ%‘f“ﬂiﬁe %é%%;? B Pb@tqrrh%‘msps e signal e
im@bbilikdtion adéordfgitoNafousts dﬁ)e‘étsa)fftﬂé'}ﬁésleﬂriﬁ\lenﬁelfjw di agram

for rocess perforrre he “i mobi | 1 zat'i on devi ce
HFGE ipa fupgtiqnaithlpqh @Esefatmu@bﬂ@ahm@vmmm system of
FKENBODINENTS A system according to various aspects of
the present invention delivers a stinulus signal to
an B Ads 2 timingidiagkint for e stisyalua signal iproviderhbip ithel imaidbilizatich device of
FIGY: b@P! y temporary, for exanple, to renove the anina
fron1danger or to thwart actions by the aninmal such as
f orFl§pplisd fugctinmalflovpdingramenn a preedss pérfuinmedby 1B bimobiization device
of FiEst rodes nmay cone into contact with the animl by
e 25 animal's. own action (e.g., notion of the aninma
toward an el ectrode), by propelllng the electrode

t ovar dpEha Al Filsc

el ectr 1 i
andA eystepy acg:pah{ngity varfaus aﬁpeaﬂ‘pf the pﬁﬁ&it HVedth déflvéﬂ: 55§t1mulus signal

Iude nch.device 02. and ¢ rtrld e 104.
to gt ) OSSR M KRB oW ioR & oLl farxample, to
rempac the haiviah goﬁn danm of Drthwgengiond B thd dimaBiick 84H38 Bpplying more

P Al ot i

animalfs ¢wi dctibn (22, mEH RS ks Biina m@&u&lecﬁ%?e)' gycbﬂéﬁﬁﬁng the electrode
an

| 11 8 d
t°“P ‘%J ﬂi’%’gln@ﬁp Ie]téﬁ%‘%te%g‘? ot plreg d progectils), jhadeployment
medhambxhs ,A8@ 0l BflgraW§V &lop E)fﬁnf?p@ ts§sﬁ!n11 ?(50 c;f%"}’GéTqm iB@lu@éy 1l device

conmrensur at e SI&E i cation of

lozgaé‘i% é%fgtd@ﬁ 1946Cargidge |, uges| apgor egremem\/léaxqadnhamg a

wavBirRl deddratof b, t echnol ogy may be enpl oyed in the
manufacture and operation of |aunch device 102. For

ex PR, defisad P2 wolygesyporepsupply il aiimitg appreatos 1 Hpp@pulsion
apparatus 116, and waveform controller 122. Propulsion apparatus 116 includes propulsion
activator 118 and propellant 120. In an alternate implementation, propellant 120 is part of

cartridge 104. Waveform controller 122 may be omitted with commensurate simplification of

- waveform generator 136, discussed below.

Any conventional materials and technology may be employed in the manufacture and
operation of launch device 102. For example, power supply 112 may include one or more
rechargeable batteries, aiming apparatus 114 may include a laser gun sight, propulsion activator

118 may include a mechanical trigger similar in some respects to the trigger of a hand gun, and
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rechargeabl e batteries, aimng apparatus 114 may

i nclude a | aser gun sight, propul sion activator 118

may i nclude a nechanical trigger simlar in sone

respects to the trigger of a hand gun, and 5 5

propel l ant 120 may i ncl ude conpressed nitrogen gas. In

one inpl ementation, |aunch Yevi ce i s handhel d and
pr&RBEAD Emb{ i) g}é@ to a.conventiona

%ﬁﬁn I'n %pgr atlflagg&‘;1 rae%te r éen &4 Qe r’fB‘Bf?Fk?B Ao, g"’r”“i’}hde"we is
hapdhgidcand gparatie 1 DRannea simahr to repatentionad Yardin! HE6pefAla Qlirtridge

tihe a ectrodes to be propelled
108 R ot b en R U 81 B S ORGP pTeint b enusipdigprofectile

bearing elavirodes tsbrcpropalled atvayRom Jauaétddearﬁcteelroztala@to%\laf‘&é {a&@?é g., an
a

ctrlcall led to the target
Zmiﬂf‘aﬂmﬁus Qe a”ldfﬁaretﬁ‘? 5‘8‘1‘"@6‘3% beeoraeg ﬁlegng@}ytqognled)fo thirarget, a
stimilgs signabs delieertdubgsigh aBoRiog 6fthle Bsshd of {Haxa:g& tethered
VIC 102 and_suitable circuit in | aunch

to

dev# ¥ é“tilﬁig? & RS to dauneh deviFe d 87 pedhsuitebla circuitry in Jaunch
deti e«:m h@ Gyowr) fusi ¢

ewi l I |Qar Vi) uﬁ: ?Eﬁ%ﬁ?&{g’éﬁﬁﬁﬁmt’%gﬁ P&é%éets lcﬁ"grovfamg substitute
°f? FP@)OV@F sQB¢f 1341 rigergingareriggening, gecmtratling whd&form

gen%ﬁ‘dtd»r\llaﬁ J ddfivating AeAdtY aidoNGh co%%@ﬂéﬁe@?dgﬁ{ea Lol d(?gr rf rr\t;eurllé Signals at

and/or receiving signals at
lau.B vige 407 provided Eem elsdimere 442 inrcoomoqtimnatithoinstiiniditation in projectile

13z@g@ghuwﬁ)nt ation in proj ectile 132 (not shown). A
waveform control l er includes a wirel ess comruni cation
i nt&Pefermentitrgllerdncluden b evifksecomrfcatioA TR A hd O user interface.
Thd hEhiA% radi.o or a rared
R A Qfﬁgec%‘ég?g%m’ﬁﬁ% Lo Qg an H%F“F‘{E‘P’ﬁﬁf’é"e& K yserinterface

transcei ver.
magpinglul¢ akeypadhaid ﬂht @gﬂeaghsplE}O IFog ¥Rdiile,, wé&@fb%%&ﬁ%oller 1262 forms and

tains a lin y radio
ek S Y P h T BY wihGRrBra eraierg 3pdir Soor mod ety
usmnve@tlmaéslggalm':andlgatatcnmuiﬂld:aﬁﬁﬁlbro‘ﬁdcgﬁa|WMfcfi‘ﬂ@oﬂﬁﬂl%r 122
12

t f troll
N

of i lstlmg genttods (tlge cummandsf me345des,Br l%ﬂal@ﬁg ggag&glgh E%nre%or 136

a“‘dg’?%i%f} %)r w0 ‘%/%f ‘&’F H?eé eﬁgﬁ?“én;lfgﬁ%"’f% congypd é%&ﬂspm pdforgpllect data
frona snyd@hit eﬂprb_becﬂilla @32/SCdntro 2vr aPledt tHSd MR dnfplinfid tcfxzﬂ%cte%ﬁgcs of the

ect and/or collect data 25 fromany circuit

stimits f‘% Spalt ’i“’i REOVeEitario Testattedid stop denctiphsrel clamabtrympdyi ibahate
feedbhkﬂ:rmﬁﬁr(ﬂrof&iy Rifict of Mavefdrhd dé@ﬂk:lldﬁ)r §6 G0 her'ih ?ulqu t ignn in
S ry

restart, unct I ons 2l ene

art
Pf°JFFé§e ﬂ?ana{?alenﬁeé 26ih sercaeamel t@¢hno¥ogm (ot Sved)i smmsfmay include any
chamaﬁe@‘uag@wﬁﬁﬁlﬂﬁs@i%n%%dgf B0 Ends BEEHIEALAL T O 11
enment e

tile 132 i conve
g‘lﬁﬁ%qgg 4 (qq:g{dessmgjmgle 13 m powyr sanedell34, W form generator 136,

S n and st Ius
o ?F‘Sﬂf??gh e‘bﬁ%?épp%faﬁé[}g? M S AN 2B | et
deplpyragns agtiveter 14{paridapne ngmmwtectmres: 14% Ber sva¥ef MMy include any

de depl o nment _appar at us

com ey s eered, B e B e DU Sy o s W aveform
genemgn 139 meeitvespdvier &bmr poMDsoaﬂﬁ 1341 Qn@éen@i%fe@ a@liRahk Qgﬁﬁ according
tova%ﬁ]sﬁ as?gc\{veof eourrcre1 ; 364 Jmay_include any conventio

1 S ECRIE I BYentign oThesE ‘ﬁuslﬁﬁﬂéﬁé@g‘yredwmtp atir¢uit that is
completed b:ea path itroughaketatpetiia BRI L. P3Gt &%ﬁee‘ﬁ@& w2

0] oudr c? 134 and generates a stinulus signa

geneéaé%gﬁg aﬁg electrodes 142 cooperate to form a stimulus signal delivery circuit that may
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35 to various aspects of the present invention. The
stimulus signal is delivered into a circuit that is
conpl eted by a path through the target via el ectrodes
142. Power source 134, waveform generator 136, and
el ectrodes 142 cooperate to forma stinulus signal

delivery circuit that may 6° 5 further include one or

electr by depl oynent

fm%%ac :&l\?ﬂltqg bxtlé %’ﬁl(%re QadfiodaP ?1 1§/oq %ﬁgg%egq&d%gpgﬁmql@tor 142 (e.g.,
plal:@@byinﬁrach@tqéoalelm) may |ncI ude a body havi ng

conpart r3§ % r str ctures for nounting

souf c&° 21 glaé’ iip 'ﬂf? abo?§§ HIPg cqrgpartipeyisop PWF’Q“@W&WE&%‘PY mounting
poianGsouﬁl d34§ la@irthiogiReralip fa Wi Blorm @RS 153, dneteleckBEe &?ﬂ%'ment

My 1e38 o[@%ggd in a conventional shape for ballisti

appagdtys 138, The Pedimanbeorped iR asrRvangendl shana fesibelisticsde ., a wetted
aeﬁeiﬂaﬁﬂd@ﬁh) appar atus incl udes ‘any nechani smthat noves

el ectrodes from a stowed configuration to a depl oyed
confprglsrtErdesisploppentappaighsinciugesany impchanisonthat oves wleetr@les from

- a sRIvRE Eérﬁ%@ﬁmwf% @&%ﬁ%@&e Eorfﬁ tlgﬂ oﬁcﬁ'%%(iuhg F%.l:x(3.19?raplemen’ca‘c10n where

t hrou t he atno etarge
elegigodes g‘m ¢ pyholw projectils pweclw;m@nglcths tawmsbhdrcytoftbﬁ target, a stowed

coxﬁfgﬁ- ro'irfd@é’ &Iro%ﬁﬁ.{lesta%ﬁ% ?ta&l[ugaste é‘ : vdcﬁ g% tg% EJ;%'] e‘]c;g{ﬁy A deployed

conf IgU atlon (0] es a s
configuratipn catipletes 4 stimilas Sngahdlalnvgrytdnemt distlg virimpaling the tissue or

AT EEE SO
efftdmaﬂthan 8 eqparagivh ofiatodiit BB Mdhes] arhd, ldﬁ@&%ﬁparaﬁﬁs ma§ F.QS be SLgtable such
I a e.S uc as an el ectrode
o RGN 15 Bih B e it e oroden e frther apart,the
smﬁhlesrilgmﬂ@aﬁhﬂy ﬁas&éshmbugﬂﬁbﬂe,t1s§1féecre§l$n'g%5ré‘ SS90 dlmutation.
appar ent. passes throggﬁ nore tissue, Creatlngﬁnnre

ef £ ACPTUE SOPHINSASPGSIS Of 35 PASERmTSRE R derlayment of elegodessis

activhted hfterebita@id mhdetgrbjectile ﬂﬂﬂrﬂ)(ﬁ@tﬁfgeprcﬁllté%gn5§39§§etér§1med by a
optact i s made by projectil

actjvated. afte
change.injogienfation ‘éé‘ir*& %@Mﬁl&i}t AE T Fbﬁnaw Royitign otthe depoyment
activatoPWitRtdsEddt Rfthd Hr8jedfle bedy R RharRE id Eﬁ?etcﬁ{)n, o&gii Bgscclelgratmn of the

F{f sition of the deployment activator w't
HEept AHgRteT; P@/?fc?o%hanﬁ in pendyetivity betwese ple@imdew&ga,cwzyox electrodes

plag¥dd b3GHBARbALLRBLICT33 BRI thgﬁfgegy e{%lo?%ét\éagzh?gtor ﬁ%q{iggetects

change in conduct|V|ty bet weén
impget tl?l rarchrnierd shapaptesistiescrnd Hoployasiastrodss byities relsesel e retigi@ction of

me@ﬁﬁlcmiaﬁe@;s,quf%mdbfog %ﬁ?g}g fgd i vator 140 that

det ects "1 npact ar acteristics and
d e @Qﬂ@n@me@fteﬂem‘de@swwrﬁmg K@V@me aapects eftthe pretdnoinvadtion, may be

pr 0] o f’ﬂ RN & 3 Ieéxgﬁl@leéc?e G d‘é°§e Clgﬁei‘b?pﬁi"iﬁlgelﬁcmdes at the

frontaf the [EPS)J Glmlrena)sattaf:h tohetamget&ts exditei aj]jaﬁiﬁﬁllr&i&tlorﬂﬁythé)ﬁrget One or
behavi.or r exanp

oAt 0k DEOPUL Bl JIEL01 GCL PR SATELE o

- maypbe dither dmmgéki:ght beaftepimgict. Falh ihehertatpdl ©Sf bd AuA byt Birb of the
1%3' nf.ul 3§t|on |Hgs&}he %ﬂ%r get. One or nore el eCtrodes
cleqige Hick o e arash i et b Psars taerclasely apase lesvedes debvary of a
stinfube si@ﬁg%bi'een Eenssely@paddB ¥lebeodel. t Walle Bidsd é"&h%hésgltfhty b%rtoo close
| E C Pain in the target may be caused
tOg‘%}éﬁf SRR SN TSN AN A yéicient pmegm

disd¥entatidn. tA %?ﬁaﬂﬂ'e?pob!%eﬁh@&qb Yaif RS Gr | ot Bl 18R ed cause of pain with

delivery
the hands (or mouth in the case of an animal) in an attempt to remove the electrodes. This so

called “hand trap” approach uses this typical response behavior to implant the one or more
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stimulus signal between the closely spaced el ectrodes.
Wil e these el ectrodes nay be too close 35 together
for suitable imuobilization, the stimulus signal may
create sufficient pain and disorientation. A typica
response behavior to pain i; to grab at the perceived
cause of pain with the hands (or nouth, in the case

o GRS P NS L8 L 588 o

or merssapesed blebtandepimpate therprget’s htdub(oomeuth). Therekpdsed electrodes in the

i nto,t he . hand .(or ut of th
harfOE 0N 01582 LR RS bale Ry pieatePret ot lgctrgesso tha
stirmalationebepgese dnetherclactrodzsandnp 2k sostheledtRi@ fiay SlIAR BEltabR
. nnéﬂlﬁ%l The exposed electrodes in the hand (or nouth)
1oL ofl'arget are generally well spaced apart from

ot hiaranektefhte @oitsn Gopléedtatichl lafhthatelied 1 S LAERIYe FDLAE groj ectile
el ecttoqﬂe nd an exposed el ectrode nmay all ow sui tabl
132 HFR OBz G RIWET Sayre 3y vaye fomm gapegatey Ki6eand electrode deployment

appafidlsQI38 Rfetbinidl aslaA UMD SMoR @e i1 505Gk tEd £F Sthéxoéb vaififinal forms
projectile, 132 are omtted; and power source 1 A?
of nlassarBlon o5 dm e yickity Pl the tatget. dn arathes @bernaspinpylementtation, deployment
ragy : ' i i ' dgvi ce.
P I R BlaIoc b 42 Sk PP ol BB a0
Imrgpbilization devies i0gnayibeyackagedesingaogedntionat teahmdl by for personal security

| 405 | tak i | oyment . tus 138 is. ..
T N T e
sectyithi 4&g.oprozdihgdimegfonstrvellants canmvasb bduiphadnt shutdbew, 6€erdézfency

YD d usj ng,conventional technol ogy for
resper?’o‘%éﬁﬂgag’gﬁ'%’?s)?s{e(gg.l .(()f,qmjﬁ?)anti ng in a human target's
cl dirbjectge 32 may belethal eralondethilden diRfnafelinpleghentations, projectile 132

. ivatiaqn facili securi.ty. (e , providing tine
ine G b R opsfEtuanloky 13 Sipi e Ghroun, o

e_nﬁngm’md;zl'a' aﬁmmpﬁm&ﬁ%dz hedé¢in Eﬂcllddfeai%y rlﬁiﬂlraﬂﬁﬁﬁﬁ)ll .nlnotiolﬁlw the

. Projecti may, he.lethal or non-lethal. In
tarel}. 3} ol i T e P L0RS B et Wit il muscle
funetivp. Gamobilizitivnaked 02 henlde gl niotbn BEUN Rikles bF 19 tgg&.d IpYeferably,
. florce. Infwg‘gllll.l zat i o? as di scussed herejn includes any
VYRR AP SPGB F€arSF CHEYIRAR 49 respRationhirg et distyrbed. In
varigtGi¥Wiere plaveBRAY df sRESURS E&Hgi?ﬂ@,'lifﬁ'sq 8f tﬁﬁ&?dnfk& oB&bf'mBYfe skeletal
nmuscl e unction.

interferi.ng with nornmal m C
mus_icﬂels[ﬁgiomphgteﬁ s\yitagledmmebHizatiomy Jpyanother 1rmjgmgﬁat‘t§m, silitable intensity of
paidd $5ls6$ tonps%ttﬁlge th%g:lgseébmt? E@écﬁﬁ;ﬁQL ¥ motgdr %Q,Lﬂﬁ%@{ iylc%}}ﬂg’l?aéigg and

functions ( or citculation and respiration

disaﬁ@l’g@%%f%ﬁt-bed. In 25 variations where placenent of
el %&Eﬂ%@tﬁ& aei?neﬁ&gb&{lﬁllaunklp&a/itﬁrlga W36 G gg){' %uooggtu%rqonventionally

nore skel e Muscl es acconp es” Sul
availablroweappsleigo firearms, greadeclpurichers, erbialeatdunted astilleky)b Peojectile 132

j it ' of pain i t 0 upse e target's . .
may {8 @R 2 B BB AT, Py bl bOWEED. Projece 132
mayi alteagativdly b¢ progelked dia atlischinge nfjcdniteestal gaee.g. Mitr6gendk @arbon
dimli Ie&'yerntraatf' o%\s/ of .l aunch devi ce 102 I nclude or. .

g S P 18P SRGAsR P BRSHIS (o- 83 BPTRAP Toc Y & T cpRiprbY @ chgmical
reactibn e@hns 2 rgeionaadehd HpeEsee nsautoredbile kie-bBPEsHI B hent).

artillery). Projectile 132 may be delivered via an )

ox Y BT gearalor. pstprding iy variguaseRsireot therareseRt ipERAtieR. ymay, in any

orddPpeif@e dreér Iidde of the following operations: select electrodes for use in a stimulus
signal delivery circuit, ionize air in a gap between the electrode and the target, provide an initial

stimulus signal, provide alternate stimulus signals, and respond to operator input to control any '
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may alternatively be propelled via a di scharge of
conpressed gas (e.g., nitrogen or carbon dioxide)
and/or a rapid rel ease of pressure (e.g., spring
force, or force created by a chem cal reaction such
as a reaction of the type %§ed i n autonobile air-bag
depl oynent). 35 A waveform generator, according to

t he pr.esent |nvent|on
or 5 PR BEREEfln 1 LRSS B Ui o
corgmllled by Gimredre petéambd by b pﬂ)cessoﬂo@bmuhﬁngatuﬁiﬂeﬂ bf the waveform
CIrCUI i on et ween th

r
ety Pt e o SRRt el HRVSIGHS ceopreipagor G 2
mag ibg nsdd, as pracefbrie gakeiatir 136 disaiskedidbyee. SW @fb&fbﬁn ge@l@f&tor 2%0 includes

ond to operat.o t to control any of
lov P BER B ST 2o bigh FBlRise PPHOCHEPY AR EHERESH 08 roqessor circuit
220, ah@eaiedivdreno.of these operations are controlled by
firmware perforned by a processor to permt
mi niak oW VQHescmWSf SUPH]é! rogsives s DG voétezfeg@m dpwer sogteed 34 and
pro&iie Stherahd vbl’t’%é@fb?oﬁe@idoﬂ% lw'atl ornF gé'ngt%ﬁﬂ%b CF P’@{Xﬁf)l‘érlmw voltage
gener at or 200 of as mave
PO fBPRAY 804 m%mam%'«u mantm@l\ﬁemchnag o6 werrsupEn elranb(le g200C3401

 matiRel g q’ﬁne# 'Pé’(‘!hffcg!)é@@?re ﬂ%af gggﬁsoﬁym a%filtterp Ny ) 1?? gxicbsupply 5

power - suppl y W t ches processofr ¢l rcui
Vd@20d3én®h6D§hsce|ver 240. The | ow vol tage power supply

or oEheffeh e ek S8y O A S RO B ieBE g o vottae
DOWgRE lsquréy mrd ﬁﬁ)ﬂdes laguised actptively hightwoltigt Wg&forﬁﬂﬂﬁhnﬁmmgﬁal VP.
Fo R ST S B A e

234 mcnﬁa@%ﬁmﬂl storage lcmcﬁcrrmaubﬁw@m@m tSeHhoRRy 1 ﬁflon%n d

5.volts and_ 3 volts. DC. The hi vol ta
SRt b o 0P 2 A Bt Pine 8B Y S F G AC1ST!
maJlkemd w LiregeTechmlgy) Sadgiptsys 2o DT Bih U8S valtdpe heReb supﬁaly 204 and
gﬁlé g gh volta e maygforn1as stimul us SI?
pro es a 1 ¥ fxg Vo er{3de fg?ﬂ?ﬁ?kyc%ﬁe ignal into

smtcmﬂglpd%r Sipplly OB2 RGUIROWES the PEuR v)éltgg%%f s%ﬁﬁr\ﬁlf SHe%Bt exéetda limit
t orage capacitor Cl2 al

236
(e. gci}'ﬁ@ gﬁ&mff’m %é‘f eps. up|the saaEvely q%ﬁﬁéwmeem iggrprimary winding
|
to air:élfféﬁdll'jt' h ﬂ@/\@)‘ltawl a%’li gﬁﬁva %Ecgitﬁgéé? B&?&lu?gs?@ ?V 666 LARR! Rectifier
2361rRYidS| %ﬂelnb@éf’}%ﬁé%DBCWW’toé Clb@: from | ow vol tage power
S U itehe s dhteh stifudis's %%f ele\é&!)&’ 8%) e ﬁ‘éﬁﬁ%{]@%bnef
eed ig

for transfornmer 234. contr

perigdof HIE fryfop groh pybp,ptbl}omzbyamsmn@ sThehhschaﬂge vplm available from
capé(é?ﬂol" age d&?eas?’éf%]ﬁrh HE Rgl?@ég%.? h We%%gnt €S 26% Frgto(pvté?: acitor C12

00 volts rans sfe s up

- may b;weﬂ@rgpdlt@ pigeido the|saxse pxschmgeyvomgednmcﬂ pulk® a

re ngLéegs%L {ugl]nt%EO 5 \cligsloa? ?ogyen(%lﬁg%l{%?%rag&ng %%ongﬁpﬁn dar ét kgving a

chmpracessbr emory) atidjanalp gaa figithlt hverit ZproSatinted @S co2fi8g fodfabus

sopdiy by B ot o BERER APk ORI pur s,

f OIA pmﬁdtllbsbaﬁﬁ@ahﬂglveﬂd@ﬁmﬁinﬁé&@m avRivERAR c@i‘{t%lie?&l discussed
b 6%3 C|tor Cl2 ﬁecreases during the pul
a O&% Plgyfrapscaiyfpriadf drclusigna gdio %ﬁﬂéﬁpcy&agaebqu@ﬂsmm
transmitter and receiver adapted for data communication between projectile 132 and launch
device 102 at any time. A communication link between 136 and 122 may be established in any

suitable configuration of projectile 132 depending for example on placement and design of
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30 maybe recharged to provi de the sane di scharge

vol tage for each pul se. Processor circuit 220 includes
a conventional programmable controller circuit having
a mcroprocessor, nmenory, and analog to digital
converter progranmmed according to various aspects of
the present invention, to perform nethods di scussed

ramgg{s%d pw@h\}gfso t Qb5 fok ﬁwQ EESIGR (V8" aﬂtgﬂﬁy&! B AhRE devices). In

m controll er as di scussed 35 above. For
one enplnmbmahmrrmojs@éﬁ: 13ropeereesiimbiug eaigarationss: 61 fstagise senfiguration,

oy R A e LA B o

an naﬂfght ednfigtiraticle whee atRdAymamiafiys dre eposiioneriendedeamay fiom projectile
bet ween_136.and 122 . be _est ab] |
e e AR s AE T B P T A PR e
conﬁg@la(ﬁ&ne on pl aJc:enFnt aﬂd design of 9 5 radiators and
I ckups sui.tabpl e for the atio
BRSSOt S8t 8TV b HE-TET Eiseapoppaintain 2
stinf Rl sfg‘ﬁﬁl' deByekp Sir@RQhRYLESthe farged Hind 00 Bf mghb‘ballﬂe@ilﬁargéﬂ JAcgording to

stowed configuration, where aerodynam
: vm@@pﬂswéﬁmf shesresent igyRasion thesy RUIBpsss éﬁe"c?%lﬂéﬁl%n‘@%ﬂgnal having a

fry%g E@% s0 Eﬁch dtae comPrided a pbri@dr tﬁ&rkfdrﬁg ralidhQe oi/\ﬁi@feewaveforms

fins are’ i n pOSItI on extended away
are m@pc@uwly éehv:@g vig By avefPTESALrAtor ak qlesirodss °8HP184 EOéhe  waveform

gen%rg{&' a§t%%e it g‘t &Hﬁh tcxg\&gﬁﬁite RErofift) acgtf}dﬁh @&@irﬁ%as%@cﬁi RGpresent

us si I ncl udes
invegitign aay (de bwnsmafé@ﬂ intladeingoy prside s(al opab famptighstage f0f jonizing an air

gap?ﬁI o g aser1§§ O#h%%})e%#r&fﬁ%tﬁ@%&%&?hﬁ’su@'(Bf%%atth AE%%L%G for

e tar rding
meatsmmg\/eﬁrdlentrmahﬂxamcteﬂstuf ofttllraesupruhssrgnalu d¢he¢ry cipeuit (eige swbether or not

an %‘i %#grsqe arefe}leac R el tgars s¥‘{‘t1 Zrkc)aa gth@p quylhﬂl&)bﬂlz g tPe target;

stages. € ‘conpr Es'a peri o
(d) & hold sdpe fom g1swdsu:agmg)fmahmmotmn éy Weevtasiget; amd (Eha westestage for permitting

tiv vere Vi rator and .

hm’é‘f‘ﬂ‘?&f‘g %Eeyt ?q ¥ fle §m¥% \F/Orr% a%réle@ nlge}r St ages

f I QA mepte o stgﬁmtrdhataetemmefoo eavh stage Grddbanidped { m Rlﬁrr 3.0IsFIG. 3, two

cts of the |nv ntion co st ruct

stagih Bl GRS S6T BF Gty PUE B REtP R e e Rk e ffoutea o
targePMbZigBflerdN TAE Wav@@ﬁl shiapd ofieash sb@elniihystﬁve p(mtwetahlphhée (as shown),

el ectrode to . the targets ttssug g@% f}) é .t est ”bq% fih
invegse,aplitede, prAlEthatehy DEP%%‘teﬁn Inversh apphindes i Fepgtitigns of the same
stagel Pahlrhdhdbdtfent stARA ncllele i \paihYoddation bthgd G path¥BRind S gds

not 20 an air gap exists in series with the target's

'dlSWS@éd‘bWe (c) a strike stage for immobilizing the

targefe pbatl{ ﬂ)}mﬁlcjﬂ%'ta%e Satvaegz‘éfofrﬁ Ishéple St UAREHe M llﬁlt—iﬂtpgﬁf (voltage or

not 1 on the tar d (e) a rest stage for
curp@t)rﬁﬂbsqqnglt lqsperipeak amrmung@xypqsvltymdtaaiﬁ@a&ng(aalpgmde tadl. The
initt] gga\ﬂ \Ion QQ&EeeHQhé:l@ hiGhioh Q{e R Tar an A Y @FBJpgct&f lcngth (e.g.,

SI gnal terrstics or ch stage is describ
abdat &5 KSoltSl prefélra@ly @out Mvcéts)agegn@ﬂnniemntmmbe wa‘gqﬂam shape is

ar ributed. e
oo SR HARETRL 9, AL OB AR o
havitg @&Qiﬂ nikapakamyy bosudfiqhas id ibviee apgh ctossiag { gap (sigowim) ,Repetition
o e e e Pl P S A SR O Gy
mﬁah&hém&@aﬂmmbn@ﬁm €t onizhtitgds Aecfied indfiotortetattemptsd agyn (e.g.,

and a path testjn
prior attempP f?uled or 1on{ze air 1s%9srupted)
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di scussed above. In the path formati on stage, a

wavef orm shape may include an initial peak (voltage or

30 current), subsequent |esser peaks alternating in

polarity, and a decaying anplitude tail. The initia

peak vol tage nmay exceed the_ionization potential for

an air gap of expected Ieng?h (e.q. about 50 Kvolts

prefe In _one i.nmplenment

P 0 Bl B AU kol 90 B PSR L0 i of
elecisaieb kaadatamirfervaietiar the patk hhs aieadr nices eiB@rital Ghefr&‘dﬂd:ristlcﬁﬂﬂﬁcwnt for

oo ST BB At e Ernet. L ey oGy pe dgormined by any
coxﬂeﬁt)onaF&ﬂﬁﬁqdel foR insfancef maifdritigd 158N oftagbaME b Fnal 8REacross a

ol llow a path testing stage (or nonitoring
°al>€61¥‘8d%1ﬁ1 é%ﬁOuP\mQ ?‘H 2 PrRJFIRBRINGG REyIOR 0% tige te Swely ryesntintgtelectrodes. In
oné i1 GBdritAAon] e Hféﬁ&l@ﬂh@MtaF§pﬁ19e R %u@%ﬁﬂglr%&al?gglﬁir Baving a peak

prior attenpt fai , or ionized alr 1
amalﬂélgwft gyt 4Poolts aﬁhaalqsatquqt@@tof Apus i ugpécrosgeandh.t Agreth may be
testB ¥&edl BreS irSRibdeSsh 186 e[ﬁp.{vﬁegg ﬂ:ﬁﬁ%&.@?ﬁ) 2{15%&5 fr(%'x one to three

el ectrodes .to determ ne whet as on

- voliage pulseseay discssed gbryeatesting of alt gonslmﬁaftlons efiefectrodes xmythey

acc:o%gﬂﬁd R bl e Hiis@dnd. SR@%&E 9f }ga?]li/ Q%n% r%]?/%’q% ugﬁcgfi‘) select a pair of

ance may e eterm ne
ele¢teaslantouse forfasnbseqentpatieformativing strike) gr hold stagd. i Sellection inag 8 made

L e AL ——

tesmd| i zesﬁquemb d"roﬁi mest prefbesd td 18ast Brefureedi npl ene nt ation, the

t he. voltage |se is anti a '
r ec %Sl[ﬁlf asltagﬁ,a%\f%tagegw?% l%lmﬂrqea a.a%ma:fresg 0sg g mair of electrodes.

TypmdllySﬂus angdefbay 1srsgfﬁ@1edub adter@te MithaBRidtarylnbLSrIBRCGRAIRELS skeletal
sever al }lnES I D succession to

m“f%‘? n?‘"’a{H r@%@ﬁﬁ@%‘“@ F’sélaﬁlis anfior calyes; Iyanother Bpplementstipn, use of

themhmceefeety Rig agiearb b@emuda@ irfth8 SRR B atioke SFHe'iaglr(iﬁay be as
1 nbl?atlons of el ectrodes nmay be acconplish In
se %?be&iﬁm%% %1 114855 @S ReFParped &y icprdugtionsby w%@mﬁgomﬁﬁa,gebéccordmg

to A6k dsPectPdfeid préseRahvenfén, tﬂe@h@ﬁeed}tﬂﬁ@vqﬁl%fdrﬁ dééiemfaosrtrﬂ@ stage

éabse ent._path formatjon, strike, or hold stage.
inclydesan %?ﬁ“ﬂ“aﬂ?ﬁ%éﬂ%@@hmet(ﬁsuﬁ trapsrpidshansy Inese implamanthtion, the

shaPO8Eth®wavdsin B geHerRbdrrdrh @ d&hcitdiYischtpl BRGE Mﬁiﬁal voltage and a

el ectrode pairs are tested in a seqUence from
terpinatiofy Yohaes o | east preferred. In a strike stage a

vol tipaginwensh rg'é)’ 53 ﬂfeggﬂﬁﬂ @o%&@ [f(\%;ﬁﬁq? iie g {n%ﬁlﬁe fonization to be

pair of elect ormi
mawtpigedor a relatively low apltage éor\praﬂnh th.a@ fo mtamqvucteommbn oThé inétial

volfﬁgés 911‘3;' c&r%bﬂglietg ?ﬁtlmﬁlgs %%l?ag‘g é??{é)t As%"hﬂ%% é{: ﬁ " Pt about a skeletal

muqu:ﬂmvreamam paential)s é‘hoSPV ey ba BﬁkSntmﬂl@ dlie, minelgmtagkdfoa B &t rise time

wa\ae'f(%mb gﬁlgslé%%dfgll gxg{ng gon% c?q:rtag)g I a ceuéégévo&% fo out 6p I%volts
prefer&bpaahedt 5 Kwoleo Mte SPYV &ﬁthblyt ienigaioh nia9 HEBohOibost WO about 600

T N N T T

St & terndigdtiof @6ltage k%@ dMérbingdias dedel 2 Preadinlihdidarge per pulse.
ape).. In one inplementation, t

e.g., a trapezoid s
Ch’f’%%e Igfiﬁ Fpse B*Fmglﬁ%l manherdsTigned 0 wshE caRtEMORS TBRECIE coatation e$ opposed

 to diHcERAbEEMBRIWRAPhed NChiitinhib 1! mYellelcBREARThAR been observed in human

term nation volt age.
targets where charge per pulse is above about 15 microcoulombs. A minimum of about 50
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The initial voltage may be a relatively high voltage
for paths that include ionization to be naintained or
_arelatively |l ow voltage for paths that do not include
ionization. The initial voltage nay correspond to a
stimulus peak voltage (SPV).as in FIG 3 (e.g., at
about a skeletal 30 nuscle Herve action potential).

nucﬁaégul%ys ﬁ%)s’c(ﬂﬁ oﬁéﬁ@%{ﬁ&u%%t IAe 5@5%%# 8y 941 %%Jn%s 1?%referred

rrse tinme wa orm ow ng I oni zat
thoyglyhigher ¢nergy exponditu® aKmIlaSl@S thedighet mniiduinl charge per pulse.

Bl 18 IO A A e

For hmman abgets; fiBHGtivwhdsbetwolsmboust aSIBSS\tmbIbsqulcrmprer pulse and higher.

ly about 400 volts natlo
o6yt Sisn Rritabe s oEegv et el pby Sl Bk PRt Bon retes e
fronp &oup 5 kS §0 pul@S p&hracond), petr mlaaeelyrwmamgermpul@e durations consistent

deSJ ned toQ assu cont i nuo cl ction as
g%fam TegStace e%fﬁ? fargro (8- %'Egoqtm%ﬁ@ a%&ﬂlpwa@agdsl and
oveﬂmq:dneel QAd Rk &@eﬁ@&lﬁ@@%e@?ﬁ%%@d filofh Awmaso tola86#8H60 volts).

where charge per pul se iis above out
A maximun of §09mpisrocoulombs sigmikicently gslyees tp rlsi og fibrillation while a lower

madinGfqe 8y hiEo 500 Iﬁmf&saoines)qyﬁreremh EEREEYd &ﬁrgy/’e LM
of 85 mcrocoul ombs is preferred, though hi'ghe

endiulsp dupemisipraforebly distagsry dobiverhief phaggeas discwssedshove. Pulse

e

contf@fagml systemasythay ummak avlgevaltages h;ghelr that ithgriond zatiol getential of air.
Puls%h et aﬁ Qxa?%g é%ﬁé I fr&ﬁ%%xﬁ %% Bt I%J%IO%QCOHHS %re?erably in the

n-averageé observed over
rangecitaan aboat 30 tniatieut 266 gncrosfecqmdssadnmsepmfetably mallieemngeﬂfr@n about 30

toaéc%tl@(? gsgut 85 to 50 pul ses per second), over a
€ range of pul se durations consi stent

wi By omaselnang mergyrexpashtmteancpllsﬁ lonper dﬁmmngﬁst oﬂxﬁn@bﬂmﬁﬂi@mmy be

210 .t o0,.about 1000
ot PR e S PR Houf B e YR g i piepF copising o
battérg).din,oné lxﬁpmﬁémaﬂonwAMAahwEatt&@GQm\tmﬁécsm a préjedtiKtodeliver about

1wl R R R AL bR ] B Aout LB g Pch an

emboUfiedE Qéhitdbisindesof Phafepdr @dlst thad B8 &61&1\&601&"56 @ ¥bout 150
ndjture. 15 Pulse duration Is preferably dictated

mic{ﬂ?g\ggﬁn Yery of charge as di scussed above. Pul se

dunstihiend @&ﬁaﬁfaﬂbﬂﬁﬂﬂaﬁes\iﬁdy‘ B%L&séﬁeﬂqg H&livef tht BRarpE "}‘)ﬂfse in a pulse
i nvention is general |On er than convent 1 oha

havipg (durAsioR Hef T2pReIqRR ab@%a@ glécrv-‘@pqn&g tsabppigh Bimietesgsondsele.g., for
aboﬁt@@' 18 20 AftrRBLBRbERIA Gchalde duraBH}l %ﬁg&ﬁt% IRl R 1tQ€Ie 'cHarge per

the range from about 20 to about 500 m crosecon
pulssdependsip partion resistance W@enfqlfmoéqs@uthe Bogat. oF@:mmmplzo@one RC time

I I
con&%rg Sg@@g@&@gmma%gagct% fg%ﬁ@ fla gé%%sg&ggﬁﬁé ﬁggﬁnge P?H}oun 75
mlcmﬁm@)anénpmmmmmfetbpmmomhhse Anl initiglewoltagerod il D(mmltsaﬁscharged to 50
volts ;L%g?rolsv%dé?tg ] rmcroc ombs §£cfn ?heT lg% &Eﬂofa}g%{;ag)]gégq.: : ght er
c 0 mptermmmganazoltb@tm@rt;e)calcmatedm@ eﬁsnnl delieny off 4 mdetémM%harge

size .batte rojectile to deliver
For SiBER16, 2 it il H3E R PO Ao PR EE h arercratn capecitor.
As theyapaite dikchga lﬂelmenihQ chifirfeibiosthe fafpet ﬂféfbbﬁe&vélﬁalue may decrease.

enbodi nent, a suifa range of. char r. pul se
A taﬁr@lrppwaémgy %a.{cap gg&aieg%géhc initial value agg thepdesued char)ée to be
delivered per pulse. While discharging, the value may be monitored. When the termination

:
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m crocoul onbs. Initial and term nation voltages may be
designed to deliver the charge per pulse in a pulse
having a duration in a range from about 30
m croseconds to about 210 m croseconds (e.g., for
about 50 to 100 mi crocoul or[?s). A di scharge duration
sufficient to deliver a suitable charge per 30 pulse :
L L R s I A
manheachaeangﬂemﬁteahplameﬂt@ﬁonrddm&dmdﬁ 1m;egmnerdrte Ppvidd d easure of
a_capaci e about 1.75 m rads
chefee B 7R, oG g Py gt <Refing B Ve ipage et Cor
dlsmhhﬁe)@urﬂmhw@e@df@hﬁ@e vol ts may prow de 87.5
m J|O,ﬁbe omthe 1.75 m crof radc i {or
ter ??a%r 03, iy alterpate implepentatns mayy s&w%daeé@ﬁ@moeger than 100

midi@etotE orkdxapR! @SR IS0 G skeEdAE QEongegﬁllf@dur@cﬁﬁmcfease arisk of
an initial value may be observed corresponding to

cardigt fibrglatiger Bsape amelsﬁs@?tm consgeytiyitikeprites alsprnate in polanty to
dis a‘i&&ﬁf&%&ﬂnh&’@&lle&% ahasga th Hmrste e{tg@&u eE BReart.

observed val ue may decr ease. A termnation a ue may
be uring thestake Heasepilees arcHislivened atairatg of shounfith about 50 pulses per

secgtlﬁié Hje?éiialﬁ{'] gﬁo%t?%(se 8&1}%]@ aelds%lsdn\ﬁe F6d sBRE stQ%EJ d&ﬁ%ﬁ 'ﬁ{oﬁnethe rising edge of

ar gl e may be nonitor
the ffigst pitlseitoi thafalling e8geefl tielastpulsb efthe etdge fon fibimek to 5 seconds, preferably

aboﬁf&i&&ﬁcﬂ' ng may be limted (or discontinued) in any
conventional manner. In an alternate inplenentation,

del In\adlokbbta:gﬂm witagé Wavaﬁtm]gs aduectdtand pﬁmssddaac&omw lo€electrodes.
e delive noni t or.

Tym%aélgﬁlinﬁgg ef?rirrh:lstsu 1eﬂt to oyzage cg)ghty (:«)111&s mqnn.yeleﬁlmmobﬂlzatxon to
an dkiteht suthéwhaeless thad fhe Etrl.ﬁe‘sthgbe rA/hd stegogederalli’dérfignds less power than a

ur at i ternate.i enent at | ons
s e P ol 1 B e 0T R0 kT FOR BRIC e pobilizaton
effdét(ﬁrqohiﬁxue upa figed piibr Bhueceas Bepditetbie. gL,Qﬁ@@fy pBWES €or a t1me longer than

tions increase.a f car brillati I n
i o5 S ARG B T SE G e ¥opES it Rnligmal o a Botd tago may
prifarile imétege with p@lhﬁtéiytc)bnﬁ-ﬂ of theS &b R A{sRel6APR AR]85 813cu¥8Rd above or |
collect inth irget to adversely affect the target's

PR CouspRRR AR PHES LR R s gl of tlpcirodesiney brahe ey different
tha@ﬁseél ik @gl céﬂﬁngaﬁbﬂﬂforrﬁaﬁoﬂ }%lﬂpﬂé.‘,tméoorﬁﬁ'h&%%%g %’refex%ﬁﬁ%@same as an

. preferably about 20 pul ses per "second he striKk
immedigtely preredingidake stags Aseording rqugan@a@wmts ofthe pxnss:nf inveytion, the

shapdibfSRe tvgvetfa% ds8d il D18 YR iRMfudel 9 tg HL&@as a}rﬁsgtude (e.g,a

stagefor froml to 5 seconds, efer
trapszeié Alkppe) and injtiggolaget(8H¥) asailwwsccbgt@vmmmfpmwgo the strike stage.

Hﬁlﬁ&%ﬁ?@gﬁegﬁe\[ﬁ\%%@gnﬂﬁé@t%%e @'p;edgﬁcefrﬁkxgd: O%ep%r %ulse less than

ypi ca eformis su ent
the pulsé hiset yn the sitike stageo(etgi, fiwe 30ntod Bﬁ) tmczatoruthS)J Durmgetbm Jeodd stage,

vl SEHRY R BEah s L0801 PR e oo propghdy e 10 utses

per klscemhf T]limsitlﬁkest@g esntinnésfiroth ke dishngtedgest thd filskgulstta gRFalling edge

mt_ t li.zat i ef fect tinue as_a
of the Tl st A e SHey 1os o Ao fethanb el SecSHs. By sogiaiteponds).
fora i:bsf $tiR i$ B infeh@a to hﬁprb\hﬁh&ﬁ drbdig] safeRper tﬁ@fa@get and/or the
ued w thout hold stages e stinmulus si

t
OPC?@?% gles*e/%tafa fRagne implemspiatiqn, therest plapedags net %P‘%ﬁ’ﬂ& pijmulus
sigha@ Nt 6rikquehtly, iSe 61 198 stafe SdaSdrPdsattd PEWESn BInhGEHSBLEh that

above_ or
discussed above with reference to the hold stage. Safety of a target may be improved by

- reducing the likelihood that the target enters a relatively high risk physical or emotional



10

15

20

25

30

35

primarily cause pain and/or disorientation. The pair
of electrodes may be the sane or different 25 than

used in a preceding path formation, path testing, or
strike stage, preferably the same as an i mediately
preceding strike stage. Acggrding to various aspects
of the present invention, the shape of the waveform

cond i Fleiiok i 3RS IS B B Sopthlolbriy BRASL el (e,
forentlaipa of fispiratan), disk ofkaedsiats) syasms,tdr fitedsarcitalevitina hdireous
. Stri ke st.age. The term nat| val t age. be.. . .
diseraerdF & RRIFREY, ORBFFHSS oYl dep Rit Srictiqal sqadifiens ipglpdiisk of
irrahi6 S bEHARIOr SEbhtak Beliios Spritging fiom & Par 6 ifrinkeliad @At dr Guibidal
from30 to 100 n1crocou|onb§). During the hol d stage
behaviok ddserpf ¢ et stags mewtedure4risk of dimagstio thedons term health of the target
(e. R UhB88izP flar 8RGO RfimattinShebAhWarARRM radPaP UL 886stage@hay continue for
second. The strike stage continues fromthe rising '
fromdde Ssecopfs praferably gispepads o the falling edge of the
| as I; : .
soon e e, £ AR s N4 RP R terehila2eRARY idHlating hold
stages apgbrestrstagagied to i nprove the personal safety of the

it ﬁ':)]%ghn% ﬁ?tg{: Iﬁ%pr%s%? ele%éo&pc% ggetioglg dfsggs%dya%{)%[nh Isﬂglﬁgl%on signal

he rest s oes not 1 nclude
mag bé swikdhed bativgeravarioGoristdesisb ithat notsdl eddctradesest activeg@ny particular

. _conseryes batter ower. in a nner .simJar. t hat, .
tinfyy RRedEy AmeBod rR A pe p st o SEfa o {ppflit o sledfodes includes,
in ]ﬁgfoﬁileyt tSti))fs(tjhcﬂri]l@’ zg}airi]r dfelectaies; By appdingdithie lstirﬁﬁlti@ii@@l td”tﬁe selected
d1Lkell hoo at t target, .enter.s relatiye I
pai: (& Frasf oS e Shorbt s SR et gt g i et DR e 1 ged emersy
(or PRyt ge) GellessaRaith limB\onél0dd thsl@t Tehsi lon®bf the Seledtdd electrodes is not

nvoJ unt ar scle control . (e.qg.., .for circu)ation or .
S“fb%?ﬁ{yrca‘c‘ﬁa8%°,r¥ﬁ? tagget erg’t“bﬁ ng@}l%ﬂ%‘?al §%ﬁ’§ﬁ%°,“°5‘ﬁ? qod ?%? Tepeating the
sel@Eh€ Gbplyiag, abdirfonitoRiey Ml 8 predéts@HideT tofa® stinuluS@hdr&P&id/or charge) is

r narcotics overd I gh risk. enotional itions

: . H . .
el AETCBROGHo! FFIOERInG R ATRHBR R G SUAB BIAFHTORes in less

thaf REdiMiSdcBAd §uch Thad tHe@Me 10 beléch TR GlcRir8dd At dl parceifed By tdMarget.
behavior. Use of a rest stage may reduce a ri sk of

danhgeveern gencraitgaccaidmen witions aipeeth ef tha pretnt myeqtiongnay
perfirfl aTh&Ro SR el ived St e stinAll R dnBNth A1 ¢ 10des @ﬁ%é@?ﬁﬁdpre aring the
trauma). A rest stage may continue for from1l to &P
path &g dhecptimubissignalh Bm%/re}zeagéfrlymﬁ@@mg thestimulussigaiden asenesace of
i ke st i . i i £
cndihaliey gty LRIy SIRTALAR G663, e s
diseussed dbpreh ey mphratively thover mrhojlizing effees (ech. ohpddsageab diseyssed

o Ll At . S , .
R R L R R R
Forzxtimple, ra¢thedd00oafiiG cdils amplemented asdosnrctdonsgtoped ia amenivoyl device
for applying a stimlus signal.to a.plurality of .
(oo inet Bi PrBhlis PRl Bk ap Bnleoigtog cironi) and
insfatléd todk paif@ﬁiedabglaeprqcémr @R liytead otk emmd;yfmf piScesdof Bidduit 220).
to t ected .pair; (c) monitorin e energy . (or
c hal}féﬁyg RO e it et %ﬁ%ﬁﬁ@%@%e{*s gﬁeﬁ Apove gmBisitg 4 loop (402-
408) €or AeREBR IR @¥eptadbR or R klecfodeqfsr. Badus@thk pffidctile may
conclude that at |east one of the selected el ectrodes

incluge pynerows adeptrofles, anytsubsebofisinctradasanayhe selgstedior applicgiomod a

stirtblldBiEAP 154t88BleddRh IERILY, debdsSibielto fRModeSibr 6EREA Y MBmay include
the Selecting, applying, and nonitoring until a
a ligtrof dleetedaiswhsgtsi® g apaiss), irafireldy g prdergd hatr%vr@ mogitpasleresd fox

maximum immobilization effect to least preferred. In one implementation, the ordered list




10

15

20

25

30

35

delivered. A mcroprocessor perform ng such a nethod

may identify suitable electrodes in less than a

mllisecond such that the tine to select the

el ectrodes is not perceived by the target. A waveform

generator, according to varjous aspects of the present

i nvention may 25 performa nethod for delivering a

a path, ..

kel U e R4 08 o ROl B B E i B Pk discussed above. T
mmmplembl}ta’fmmthedlsng otdered 3¢ canveyia pslfagmh f(frmrresj)ective electrode

f ects includi jn _any order: a .
suSEREPEE ey e SetmBPd T geEe o] o ugableclectode
preﬁdrénckf Alteanpee ﬁﬁplexﬂdsmilaﬁ§ﬁdludbmmfb)tharﬁoné ORTERKAS imé2é than one loop

(40&0%{1@%& lsgg@?fg;?gopg%%eeagﬁ gjgo%,ld ARG %lementatlon a list

includs®iplitaé agrief dreied safne stbset B tlieﬂ Hle sEbROR 1éfedPofdrd! &kEhter
above). 30 For exagf net hod. 400 of FIG 4 is
Suct [

““@ﬁﬁpéﬁﬁﬁpéﬂuﬁguﬁﬂ ons stored in a menory devi ce
(€. Beoordih oQﬂet@JM(ﬂMﬁ‘e?Fé‘tﬁ)&%ﬂa@)ﬁeﬁf‘}ﬁro@@s@U@b' gﬁ?xlmdsthggt

medi a and/ or sem conductor circuit) and. ins
mapagepert SpideEripgereenh mex Ewkide ppth f@rmatmm ap digensend] apovre ritarget

maeé eRERGRS MY infelrlitt fo Sp%gﬁ&)m AR A0 AY RAA DS bdiSy y&34). For
h t est’i ng stage as di scussed above conpri si ng
targebepm(gfﬁmzm HO8ssdr@20 grwvitesrihnistigulas siguad épa sdghence of stages as

d el S [ |Ie
RS RE 15LE EUR A 1 CSRRNYR 8 LA &g o
(42d+484).r odes may be sel ect ed for application of a

bl e
el e Eege obFhuftiotd Shd ot hitnb (26 M pomned o
proeide caism(xlbﬁ ?'?g?eefggglg rP?lgr tomauy sf the mnef 1@6%@152)‘6;4??)2 gltrsglgi gd
e ot B P St B by LT ot 1 G old and

resmtagefwﬂxécus‘edilébveS i ndi cates one preference for one

| ec od S in all
o1 R SR LR e (AR ieion o7 b amaptgrs (428)
(e.g., scnzndect ol silgfal OTH) e oharpé QffEEieRAer deliverd (.85 PR thicYRoulombs) is

ctrqode, subset faor each of nore_ than one stage.
avaﬁeft %&%“%}é e éedl‘%Ysat%ewsn%B@mr%‘g%e LpHlte{BEe OE‘Fféf@f feyypand via
talﬁl‘:eﬂf/@ nao), Cé&§sult/‘NfEEEtP&1E Restifd) of BB SY GFlaitRits). lp?&!eh%? 2§@{h€n forms a
han one_list and/or nore than one | oop 08)

Plﬂfee(‘*@ a sgikp stege Ber Siholdstge pulse) shdn vglpagfél’(\’ S a&ﬁ’é@‘ﬁ@d above
(428t &14) aPﬁ)cés%lj PORAE QR olfbﬁ*ir%r;@ﬂ)nﬁll dd & %1%@&5&&% By

entri és of the sane subse so t he subs
obsevingdhe yaitage . ganChatfithe storpgetcapagitais dgereass (436) ustilisneh vodtage is at

or b;gm Pmit %ﬁ%@g& ggabtogt %%Rg #g? ?resl&%l&? bt P&lidbte limit it yoltage may

nagenent ssor ar e manag
fOHPEItthe welhlmpemenlationsiipi d€) TIG:AVpahdne Qos dlatgeom powlsmbs C is capacitance

t b t ted
e T R eord R e BRI s oot ool ow (a2

Fo rDuringtraetepiite dfa]mgfemmry, mbmm 2206 map ﬂetwt (14/3491 dfat the gath in use

B AT 1D i o

1deﬁfﬂeﬂetagd sdayeriee dnd réthr g (402) 10@pth téshidd aﬁ&ié&mse&@lso@ac h
e se uence,

age of redef.i ne
( 45@%‘%7 gvem}yef%fcg?rﬁ%aﬂ{a gfgfrt%v%er&lﬁg stags %bee%@qlwene@ §436), the
pulsd (8122 |51gnﬂ 'VE)lis dride@QU0Y Tk vbiieistfptied bR Rhd 28 i¢dikd nBy be zero

sta S
(e.g., opgn circuit at least one of the identified electrodes) or a nominal voltage (e.g., sufficient to

maintain ionization).
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20 identified. The stage sequence may include one

strike stage, followed by alternating hold and rest

stages as di scussed above. For the duration of the

identified stage (426), processor 220 charges

capacitors (428) (e.g., C12 used for signal VP) until

charge sufficient for delivery (e.g., 100

mc :

" CLEOH AR5t B AL S A A, gt o to of e
loop{é2@t dhe iiontifeaddtage map Sottheaospleto egien 240 ratian roéﬂlelstagehas not
lap?nlhde G % grqgetgr?mned o% %ﬁ es ga I{O?P‘f(egrcrie]{v%aeéeef L(?}‘ﬁgrgv“?%: pr%gessor 220
idelntifies (d44)qiee nmutt s@e mthetsbqalexml afetagés aSH’}lr(tRﬁsm@Scoﬁﬂmsl ﬁﬁﬁ@outer

a 42 r 414 Processor 220 neter ver
oo e Tha g5 on et emrat B BRBHALEIES S SV JBLLG PrYEreRere for
wavﬁbinag&lefﬁorgsﬁﬂly@plaédt he st orage capacitors decrease
vol t is at or_beyond a limt

43 £l
\(/ol ?gcf uQ‘( @0@ llsgegﬁéf-‘ﬁfro b%wr%‘:fssorr??@ PRk foD s t@ﬁt veltage across

an fdéhiiffdd @ecl:rbq!{@ sIubéé@' Inaﬂg mdRatid bx@%sEJﬁQZWﬁf;ﬂheg QQ% aratively
rel ati onship ere Q i s charge in coul g

lovdeF%VOéia%fa{éﬁb a‘PR?é 500 Wl*ﬁhﬁoa’G@nn@ﬁ én \mpedange jof thgetimeiue signal delivery
cirddMah£3RA et He ideRtiMad éléctroﬁ%ér ' edﬁ&eel%%% cféft%ngltﬂ%? %2 eval%;ﬁmg

delivery, processor 220 may t ect
curpent, eharge.fopvoltage Fetamstance, aoosssay$2Gmay dhseived chadge in voltage ofa

Slg{lﬁ I(é gr ﬁ% Qér&gxg&ﬁglig t@ glggtggé&tgsagltg@sﬁtg% g gypacl:ltod'%g %?Eﬁl%) ised to supply
the(tﬂi@mltaga Babsertedshingg irneoldzs (ugs peck atverege @soMbevahieh exceeds a
infl 8840t GEORAS MR ko DS G LSy 0G0 40
voltss (Hhﬂi'mke,(lﬁdﬁ)at thélend oftthd g eansthppdubsetlisddntified (¥d8patidstBe loop
nay be zero (e.g., open circuit at |east one

cm“?u?ﬂg dentified electrodes) or a nomi nal voltage
(e.lp apo&'tatf itiplanentatibm prdﬁBSsﬁxt 200rpplRiazainpaafivelyl owbtedtfvoltage (e.g.,

abla 50 VHTBL VLS S0 05 stibblEbenkh A b ot A0 PoRD

nudrck&:lutouﬁbs)atd aﬂfaﬂgﬁoﬁﬁnenﬂﬁﬂth&lergeﬁﬂﬁ'ﬁ'bﬁtaﬁ elogided Fdb Exdtinpl) movement
of the st ngt . | apsed, pr edet er m ned
may, EFéHlE il lgﬁpgﬁngdﬁ? {Gage bend 9,2 167 FFingehIdciren thereby Reahiishiag 2

| prefUi@d €E&AIthDdAh a feqia@lmélyfwr@q)aﬁﬂt%hgﬂ e td?%(’ts i8R0 €n bﬁb the

Ige uenceotgf Sté ges and processi ng conti nues in
imy g_

CTpetation g elegteods ig @?sep@)wxmv tp glsatsaden ogttha gibset and is

 alsSLARBECT Qlﬁssuﬁﬁpmﬂerbﬂﬂﬁvhl thb ?eaP PG eﬁ@t&'&cﬁ%z&pc{? rfl ve)ly distant

mavefornnggnerator is fully depletéd. For

fromjoheg gleghr %?fdh%seé@@é%tmt @mé@b@@é fhezpisetippl i es (404) a
t estheuedt El@gﬁ uSkelliR B e infilerhdBitibh his %gofgsje %ﬁ%’.\&ﬂg P Bk width

In one inpl ementation, processor
withip ilranenges weddyfor stigwlusstenaly distusgral hewing . Oneadronidre 5@l@es constitute a test

of o\ﬁg lsﬁbcskt HR Fﬂeqﬁa% mﬁgn&@atltoﬁ%,) %jquSQE L éc@%pﬁ%oluﬁ 5 élmﬁ]\efildgﬂng the test

I'very ~Circul hat ' n
of aeelubmt aaniea dutatiprefba rach snbsgb@resioadnto tiechubye veidl wigin the range used
:mr%%nuurren char Bareidr vol tage. For instance,
roces % %@gerve a change in voltage of a

s i gifia thé alc’g)f the\IE) nEpHir ie $paa dcdagtame ﬁrb‘t%ss)b@ breientaek @ $ir of

|tor t he test
cleqfeCipE s PiF sttt an Sighesditom Bisepelap awphesidlpen
1onﬂ&'tﬁfna@¢ta@16 AHelblRtry@s iednyLs SRR EnaB manner. Presuming ionization occurred,
subsequent strike stages and hold stages may use a stimulus peak voltage to maintain ionization.

Consequently, SPV is set (414) to 3 Kvolts.




limt, the identified el ectrodes are deened suitable

and the stinulus peak voltage is set to 450 volts.

O herwise, if not at the end of the list, another

subset is identified (408) and the | oop 20 conti nues

(402). In another inplenenfation, processor 220

applies a conparatively lowtest voltage (e.g., about

500 [ P .

P r oElkhbing gk R R el PP B et spvention
whmh\neacyémchmfgeql hempéﬁg@withmmarm fedre grersofs.of Iﬂﬁ:rpresent invention as

oﬁ Clé‘\unrlse g\ﬁﬁ A E%)ge eofziutcracr)1 & %k)mﬁ] %e‘% SP % e%nb}dimen-ts
ofﬂJE up;leeticmrhaedbe{enrdesmbed hrecrd gy cﬁ‘tlieeh&tnmm isyintended tpdt Measured by

%roug :E 5 apt s tissue. In one inplenmentation,

P ELTEt 1oL a% electrode is close in proximity to
el ectrodes of the subset and is also a nmenber of the
subset. Alternatively, the rear facing el ectrode may
be relatively distant fromother electrodes of the
set and/or not a nenber of the subset. The test signa
used in one inplenmentation has a pul se anplitude and a
pul se width 30 within the ranges used for stimnulus
signal s di scussed herein. One or nore pul ses
constitute a test of one subset. In alternate
i npl enentations, the test signal is continuously
applied during the test of a subset and test duration
for each subset corresponds to the pulse width within
the range used for stinulus signals discussed herein.
If at the end of the list no pair is found acceptabl e,
processor 220 identifies a pair of 35 electrodes for
a path formati on stage as di scussed above. Processor
220 applies (412) an ionization voltage to the
el ectrodes in any conventional manner. Presum ng
ioni zation occurred, subsequent strike stages and
hol d stages may use a stinulus peak voltage to -
mai ntain ionization. Consequently, SPV is set (414)
to 3 Kvolts. 16 5 The foregoing description discusses
preferred enbodi nents of the present invention which
may be changed or nodified wthout departing fromthe
scope of the present invention as defined in the
claims. While for the sake of clarity of description,
several specific enbodinents of the invention have
been descri bed, the scope of the invention is intended
to be neasured by the clains as set forth below 17 5
CLAIMS What is clainmed is: 1. A nmethod for
i mobilizing a target wwth a stinulus signal coupl ed
to the target via electrodes; the nethod conprising:



10

15

20

25

30

10 providing the stinmulus signal in accordance with a
strike stage; providing the stinulus signal in
accordance with a hold stage; and for providing the
stinmulus signal in accordance with a rest stage. 2.
The method of claim 1l wherein: the stinulus signa
during the strike stage conprises a first repetition
rate; and 15 the stinulus signal during the hold stage
conprises a second repetition rate less than the first
repetition rate. 3. The nethod of claim1 wherein: the
stinmulus signal during the strike stage conprises a
first pulse that delivers a first charge to the
target; and 20 the stinmulus signal during the hold
stage conprises a second pulse that delivers a second
charge to the target |ess gﬁﬁggkge first charge. 4.
The nmethod of claim1 wherei stimulus signa

Welatris ddgjmbdis: strike stage has a peak voltage | ess than
a at.| d of iml .
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sta nd ordance w t.h whet her. the path
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net hogidofg tlmd sl sighat ireadoordsimee imdth AGoldRRg tahdrul us
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S|g | _in trik
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6. The method of claim 1 wherein providing the stimulus signal in a strike stage comprises providing

a series of pulses having a pulse repetition rate in a range from about 5 pulses per second to about 50
pulses per second, and providing at least one pulse of the series at a peak voltage less than an
ionization potential to deliver a charge in a range from about 20 microcoulombs to about 1355
microcoulombs.

7. The method of claim 6 wherein each pulse delivers a charge in a range from about 50 to about 150
microcoulombs. |

8. The method of claim 6 further comprising reversing the polarity of consecutive pulses in the series.
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10. The circuit of claim9 wherein the predeterm ned
charge is in a range from about 20 to about 1355

m crocoul onbs. 11. The circuit of claim9 wherein the
predeterm ned charge is in a range from about 50 to
about 150 15 mcrocoul onbs. 12. A projectile
conprising the circuit of claim9. 13. A systemfor

i mmobilizing a target, the $stem conprising a |aunch
device and a projectile of claim12. 14. Acircuit
for immbilizing a target, the circuit conprising: 20
a charge storage circuit; and a processor circuit that

A the target to
d| sC °§?5"E E%ﬁ(gﬂ?@{"%‘eae%;gg%ﬁg r%léédl{c%mghs} ‘the target via a
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device an proj ectl
claim 12.

14. A circuit for immobilizing a target, the circuit comprising:

a charge storage circuit; and

a processor circuit that couples the charge storage circuit to the target to discharge the stored
charge through the target via a series of pulses for continuous muscle contraction, each pulse of the
series having a péak voltage magnitude less than about 500 volts, each pulse completed after a voltage
monitored by the processor circuit crosses a threshold voltage- magnitude, the threshold voltage
magnitude being in accordance with delivery of a predetermined charge in a period of time having a
range from about 20 to about 500 microseconds, the repetition rate of the series of pulses having a
range from about 5 to about 50 pulses per second. ‘
15. The circuit of claim 9 wherein the predetermined charge is in a range from about 20 to about 500
microcoulombs.
16. The circuit of claim 9 wherein the predetermined charge is in a range from about 50 to about 150
microcoulombs.
17. A projectile comprising the circuit of claim 14.
18. A system for immobilizing a target, the system comprising a launch device and a projectile of

claim 17.



