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NEEDLE- FREE | NJECTOR DEVI CE W TH AUTOLQADI NG

CAPABI LI TY RELATED APPLI CATI ONS Thi s application
woheisre747he benefit of U S. Provisional ApplicaCrms208e/019247

60/ 841,794, filed on Septenber 1, 2006. The entire

teachi ngs of the above application are incorporated

herein by reference in their entirety. BACKGROUND OF

THE | NVENTI ON Needl e-free delivery of a liquid drug

can be achieved by pressurizing the drug and rapidly

ejecting it through a narrowierifice, thereby creating

a high speed jet which can readily penetrate skin and

the underlying tissue. Typically, this technique

requires a pressure of 10 to 60 MPa to be devel oped on

the drug over a few mlliseconds. and then naintained

NEERS.E-BREFOMNEC TRR ATV Krle &V IH, A LHEPLOAYING CAPABILITY

several advantages over needl e-based delivery,

particulag&y m@gg many successive injections are
RELAIER AR IGATIONR t i on” di sconfort is a major concern.

ver,. in order for needle-ftrege injector.devic
oA EEigR AR VB MR RaS Sof B SRR R TR 66ar 794,
filed JrERGAéABEEL, 20061 dlhk @ntifetdadhivegspenbe weoveldpiplicaticar are incorporated

,receqtlé, Qﬁﬁt,of.the portabl e devi ces devel oped for
herein yy refereRes IdReHFPRISE| | ed on springs or conpressed

gases to store and then rapidly rel ease energy in

order to create the high pressures required. The use
BACKGROIAN® OFHE INMBYEIQMd magnetic drives has al so

been proposed for actuating in jet injectors. SUMVARY

Mbdedpefreatélivarn oé e ligniddhve ears bapehiavaddpy pressprizing thg drug and
rapidl§ e B iPlbuOih PRETOV LARBRThE0, bhaliiE o SRl ey B can
readilypenstpate skideaniddbe whddrlyang tssueo Myaisially nthipriechrigee wanires a pressure
of 105 NBTPIRSALY R 31BE 0Bl QIR o 18 RS B £ el it for
up toRDOIeQi cal body. The needl e-free transdernmal transport

devi i.ncl.ude

C a chanmber for,holding the st a .to
poNocdesBPe g el P Rreersral H8 ke gy R g A
particu@F T hER a8 subdesilé thjcdtidfb afe refiuiréder injetidn discomfort is a major

reservoir stores the sybétance t o, be tragsferred tQ th d
concerhie oS AN PRIET fefRfcaler rerinigotoralreies to ProgipBiputous, they nee

to be BNrGIBatAL S8pdasY14IGREtaBleC A fnekpéiive. Mmagnet and ‘
Until very recently, most of the portable devices developed for jet injection have relied

on springs or compressed gases to store and then rapidly release energy in order to create the

high pressures required. The use of shape memory alloys and magnetic drives has also been

proposed for actuating in jet injectors.

SUMMARY

Most portable injector devices allow for very little control of the pressure applied to
the drug during the time course of injection. A needle-free transdermal transport device with
a controllable magnet and coil electromagnetic actuator allows for more control in
transferring a substance across a surface of a biological body. The needle-free transdermal
transport device inchides a chamber for holding the substance to be injected. It further
includes a nozzle in fluid communication with the chamber. Further, a drug reservoir stores

the substance to be transferred to the chamber.
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coil electromagnetic actuator in comunication with

t he chanber. The actuator receives an el ectrical input
wandsgersagpates in response a force. The force POEMWS2007/019247

causes a needl e-free transfer of the substance from

t he chanber to the biological body. The force is

vari abl e responsive to variations in the received

i nput during actuation. The actuator also draws the

substance fromthe drug reservoir. The drawing is

precisely controlled to novepthe substance to the

chanber for injection. The needl e-free transder nal

transport device can further include a pressure source

f The asddlerfice tainkderpiad sranspoz d‘eg'lctem-}scsimbhtdam aeontmolidbde magnet and

o oE b b e IR R B TSR e o
electrﬁlﬁl Inp AR Gnkraddidndesionkd  RREY. ﬂfﬁ@ﬁ&be tl@h causes a needle free transfer

t t |
of theubramig ATBINge AT Eard0 CEGODEI RoDrLBCHIPS i tiriable Rsponsive t

variatRinih ﬁﬁﬁfe&xv@tﬂﬁfpﬁn dbufiss ﬁdiﬁ&tﬁ)ng el‘lﬁéthﬁﬁ’oﬁ!ﬁ&dfa\ﬁshﬁe §Wstance from
assenb en(¥nam call'y variabl e accordin

the drug rrq:sar\fqm <Thednening Gaupeiealy Emies }qdctmmWﬁp Substance to the chamber

Nk gtions in the received electrical input correspond
form{ l{;’eedback I n one enbodi nent, the controll able

el etneodinefinest Uransém@lttmpsp(gt dovier sanciurthaminclugg g pressure source for
autorrga[ eglll)?f) flgxzr?r?)% SYlgstEIQ([:e iR tﬁ@ﬁﬁx%%&e\f@oﬁ %o ﬁ'aﬁéfélsltt from the drug

negative force responsive to a
resermnmttdt}elcdaamfoen aThé aguator Cfmnelwg ameiga evil @sseothlnped a stationary

t he substance t u I
magngh OF RLerDaT YT AIDE G PP B e A8 SRR ARG hsnb !
t la th edse @lfaaim\bﬁgyml'ﬁhd statientire nfagmet, tthafus de gergirated within the coil
asse oy ans Ot § I Ce n?‘cfcg{x% £o( Yagf?tlléque {rﬁthreercgeqregile %§+tﬁcal input.
Vandn@ay tn th-erli*@cdi\%déla:tﬁé&ien}bﬂta:ﬁ&dgfdiﬁlto tfeaibaglar t devi ce a

first valve bet ween t he ure source and th
¢ doapp IO, feerio URbIE S oBRLae Ao P pEctional, and
genex%%ﬂ'stagﬁfsnlvfe%rQQ%ﬁﬁsﬁ%rio la Fibtedésticed gt ava lat ghivefdede responsive

he drug reservoir and the chanber. The deyice can
to a speqndalectiipal|ippe. I herclestiomagaelicartugter I fogesnih gubstance through a

nozzk rﬁ?%ﬁgaél&i 'hg%ngéﬁfm@rﬁ%focu Q@ pi@é’é 8 saffcd &f thBBlological body.

stonforﬁtsmg he substance out of the
o ecln-free iranssteymaliransppit idevice eas Birthea ingheds 2 pehwggable power

sourc%oﬁéetd' il ?m? ucrtlgﬁ o‘? kl%tbagct%ﬁlqhﬁltt he needl e-free

odi ment processor can
auTmmtqddmfrIBy traa:sdeomat M@Spgéldt‘:w@n adirst yRbverbetigen the pressure source

and tRE %rug regeg'v&% f'[%?s%l%? balfvé %tb@% s%?e?fo&d Pllvé eBafther, the device can

include a check-valve between the drug reservoir and the chamber. The device can further
include a pressure sensor for sensing the pressure inside the chamber.

The device can further include a piston for pushing the substance out of the nozzle for
delivery. A position sensor can monitor the position of the piston within the needle-free
injector. In one embodiment, a processor can automatically tailor the position of the actuator
according to feedback from the position sensor.

The device can also include a servo-controller in electrical communication with the
controllable electromagnetic actuator, where the servo-controller provided the electrical input.
The device can provide a plurality of independent needle-free transfers, where each transfer

occurs in rapid succession with respect to a preceding transfer.
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The device can al so include a servo-controller in
el ectrical comunication with the controllable
wehemstieraTagnet i ¢ actuator, where the servo- conPCoiUSE07/019247
provi ded the electrical input. The device can provide
a plurality of independent needle-free transfers,
where each transfer occurs in rapid succession with
respect to a preceding transfer.The device can further
i nclude an automatically controlled flip-cap on the
nozzle, where the flip cap.goses during |oading of
the chanber with the substance and opens duri ng
i njection of the substance. In another enbodi nent, the

MaRMHRide@8 fhftitsaans@hn hitensposlly dentiailediflipicapes the nozzle,
control | abl e magnet

nd coil .electra neti ¢ actuator .
where fhe g ¢ flosst S HEdoRMine ol thschARET VLIS Spalprle ad opens during
injecﬁgrp@hg%b%c@j ectrical input and generates in response

a force. The force then causes a_need| e-free, transf

g apnthes ambodinantthe eae TR AFBAISTT! TRRSPETGlegisiedagiudes a

controffz?rﬂ? aBRE AR €l @ctﬁfﬁ(dﬁ@{i@ a&t88100 NS EokimufickBbn Alithahs chamber.
in thecrecel ved I nput during actuation. The_ subst ange
The achmtdrareteijecancdedtricalinpe and Acgemiesin 50Pn% & Bues-y bhe force then

causesitapl%ae%d#ebﬁeec HRRS" ofgﬂe SuHAERS Yotn fRWHaRbeftoMBE BRslogical body. The

nsterring a substance across a surface of a body
force i matialle sesphasive tyvasfatidnais thg receévestivpridnsingrachmtiong Ibs

bR P R A TR B e by a s

sourcepr eci sely controlled to nove the substance to a
chanb

r .of. a needl e-free inj 0 i G '
BB Bhe SRR T S Gok ChPS BRIt bl o
drawing@R sabagi%&e&brhyahdrhg lraemalt wfth awloatrellatie mltagncfeand coil
corresponds to e electrical input. Fi Lhe
electroppegnstic @giuatos, waere dhedrawing I%Rfe?lﬁéyéﬂaﬁ&@i"rd %’hrg?b? the substance to a
chamBe? WP h 8deb-fRRAnRBMr! AnceleaAédianpitie tieacipplied al tht actetor. A

produces a pressure within the chanber.. The force
mechanies derce i ther Praduced by thaagterion quteﬁ%&g fBeE£REssRgto the

electritcgfsinggﬁ RHRLIY, thd Beciind A $bredlis ARAkdag thd diandber fat isscoupled at one
var i e In‘response to varlations in the rec |vebd The forci
end td aperzlel UFhawpechanicel fasae Profuses @ PRRABYTE &VitiiR HscPhgber. The force

cause.%; % %P%%g-rffeie NSndres HPRANBS ARG 865 the SHdhB&R0 te Biokpibal body and the

es the step of pressurizing the substance froma
force tirwgiablesiamespionsd tot ariatiohairbe rogef tedanprielsineaciiliote .

U0, SR 058 FSONGSL e
the stépoLpressurizimgrthp sooitaed fhym alteugesaaobrintohelaaniaggvith a pressure
et SRR P8 Yoo
actuaf®@URIngethahical force is then produced by the actuator, where the force corresponds to
the electrical input. Finally, the mechanical force is applied to the chamber that is coupled at
one end to a nozzle. The mechanical force produces a preésure within the chamber. The
force causes a needle-free transfer of the substance from the chamber to the biological body
and the force is variable in response to variations in the received input during actuation.
Another method of transferring a substance across a surface of a body includes sensing
the position of a piston within a cylinder of a needle-free injector. Then an electrical input is
applied to a controllable magnet and coil electromagnetic actuator. A mechanical force is then
I;roduced by the actuator, where the force corresponds to the electrical input. Finally, the

mechanical force is applied to the chamber that is coupled at one end to a nozzle. The
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one end to a nozzle. The nechanical force produces a
pressure within the chanber. The force causes a
woeendloe7¥7oee transfer of the substance from t hecTlhaniden19247

to the biological body and the force is variable in

response to variations in the received input during

actuation. Another nethod of transferring a substance

across a surface of a body includes sensing the

position of a piston within a cylinder of a

needl e-free injector. Then ag electrical input is

applied to a control |l abl e magnet and coi

el ectromagneti c actuator. A mechanical force is then
mech4iel ¥6Rd paydiceea @edssna*eomthlwlnlm chantiteer§ dhe et’once lcalwp emgsedle-free

to the electrical ingut. Fin t he ' force
st o bk e e 1B oS P B R bRy fravte i
respoi<® t8 VAR&RL® in therReRaA iRl dhfihg aclatohices a pressure

within the chanber. The force causes a needl e-free
transfer of the substance fromthe chanmber to the .

BRIEW‘%%@%@? I F‘%ﬁ?%é{é. U88  hout duri ng act uatton
g%%ﬁg Lt %larq_’b %@%%a&b&tg s‘%ﬁ”%@ﬂw@ﬁ@on will be

Fearur es ’and advant ages of
apparerwfemhl the fcyl/ldwlng molp partientar ﬂpmmntilme q‘f @Ir¢f©W:¢1 gmhgdlments of the
mven?m},e::}ﬁ hg%ratgni {hF éo?mggagl&n%n&f Sg(lf;lg’%pigﬁ g/lﬁ% gét%regfze I:}Qﬁacters refer
to the SAmMd peets thideghowftke aifﬁemhm\as:t "Ehcs draesfiags aro nbhnecsesamly to scale,
parts throughout the d ffere s are

emphﬁgfs 1 4 pk?c? upan lgstraélﬂghtgg lpglnf:wéets & gég%&vgn on.

pl ch;sd SHRGA al ﬂdrtablerxﬁ%dlégfréd‘im_]wtcbﬂ“aﬁdw leshargmghm

i nvention. éf 1 shows a rtable n edle ee trollabl

| 1Ge 2o SR cPisENaY B Rbeye g of s egbecpy °£|a controllable

nemﬂguﬁe quﬁ§Qgct|ve d|agran1of an enbodi nrent of a
control | abl e needl e-free i njector device;  FIGS,

3FIGH 3283B; ppd 3CiHperate ﬁ?f&ﬁ%‘?ﬁf%s ofa gla&astrfefflr%“@gr Bsf ip the
needlﬁ%é@?ec't& C{elq,fceq)eﬁqhezf ree injector device of FIG 2

IS a h showi ng the frequency response of
ondl G ribis di greph shﬁwxag thsi frequenpy respeese; offng entpadiment of a voice coil
motograph illustrating the pressure and di spl acenent step

r'esponse during an injection with one enbodi nent of a
nelkf}.c5 fsregapnjlbetrating the @ressuesarg djsplptensdndgiepgesponse during an

injecfio S e RSNl hdele-EL Rédi; OF One embodi ment

ree 1 njector;
FIG. 6 is a graph showing measured and predicted jet velocity of one embodiment of a

needle-free injector;

FIG.7 is a graph showing the current and displacement responses for delivery with one
embodiment of a needle-free injector;

FIGS. 8A and 8B show the result of dye injected into pig tissue with one embodiment
of a needle-free injector;

FIG. 9 shows one embodiment of a cylinder of a needle-free injector device; and

FIG. 10 is a flow diagram showing the process of controlling and autoloading one

embodiment of a needle-free injector.
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FIG7 is a graph show ng the current and di spl acenent
responses for delivery with one enbodi nent of a
woeedloe7S79ee i njector; FIGS. 8A and 8B show t heCcTasmior/019247

of dye injected into pig tissue with one enbodi nent of

a needle-free injector; FIG 9 shows one enbodi nent of

a cylinder of a needle-free injector device; and FlI G

10 is a flow di agram showi ng the process of

control Iing and autol oadi ng one enbodi nent of a

needl e-free injector. DETAI LED_DESCRI PTI ON OF THE

I NVENTI ON A description of preferred enbodi nents of

the invention follows. A superior approach to jet drug
DETAYEEDVEERCRIP TIOSIOF S HENRNYENTHON ectrical form and

i npose a tinme-varying pressure-profile on the drug

v @l deseriptiorooprefdrrdusebodimentsohitttedneentimndfollows.

B Dok SHEGLE LS koSSl fm.

1mpos% lal tﬁﬂé—vﬁﬁ@né prsureipi Sfile dRAhe dhughlahe diirogghl Gﬁel use fof atmomtored
be tightly defined, and controlled in real-tine

and squ@amtrcu&ﬁdeqqurmcéenleeloace@t%.Mynﬁ% ne,fasre Prgsing, prdslivered

drug \R:Tlurﬁle aAbWE MRCAAR Icodlse BRY VbR il dria de B9 e be tightly Hefiked, and
force, pressure, and stroke length required for jet
commdkdgndeﬂﬁve@y Their inherent bi-directionality all ows

t hgndi B! xﬁiz-%x%é TWiCe E&l)t&tt%}ts ed 4 esinRBflcleMBdmechanical motors

reverse en necessary. However, commercjally
that ca gérieadst she/bighdorssi Pressere 08 stoknlenetipreauired s dejeirug delivery.

Their 1&”%&{{%1 giflregp&‘f‘alﬁg Qilé&?t}ﬂe‘%@gﬁé@ fe\éﬁhg% by c&l‘&ﬁ)lle@rzﬁxﬁ,even reversed

expensi propriate for a portable
whenhambsdmyl Haoveedr sodnreerciatlyewadabld woiceecoil astuaters thay mest the power

semaf S RS B by BEAELS R, O oprpric o
a por@Bleianticeld Aecllphict ijbtondeyice Usabhie-fosathctuatons are relatively
ector Sste OI‘ en orce at
iocxgBYSF e n “0F Le e AP e D G o e g Bfferator in o
ortagﬁ%blaéﬁ’saﬁ}}» %&@%ﬁeﬁ?in@dﬁ’\r‘g&sﬁggﬁ benefi t olf éJ S. |
I OVl SI Ona | call | . e on

PR TotE, HRURTS oy SREATCELES GO ATPIIERRS | /916 fled on

Febn%ﬂ}é IS mairﬁlng?tﬁ%eﬁéfﬁloms m’aelshﬁﬁewpbheiudmso 60/652,483 filed

Vi si onal I cation . 652,483 {1l ed
on Fd%gtmm’udrly2qq5 )%gg%pplacpq@og 1&/3 SAF§§|7| filgd og 699%38,22}5)6 claiming the

beneﬁp{)f}@ s, %’r@e%rgﬂél'r/gﬁﬁwaﬁgn . bb/@?%ﬁﬂg:ﬂalué@ngh ?‘Eléﬂ-l%f}sﬁﬁ 29086, and U.S.
Applisfatioh $1/35#370sviihiis a\mﬂtm@é&l%ﬁf Nes- 4o ’esﬁoméy%ﬁ 016 fited on
February 10, 2006, which claims the benefit of U.S. Provisional Application No. 60/652,483,
filed on February 11, 2005, all herein incorporated by reference in their entirety.

With the recent advent of comparatively inexpensive high energy density rare-earth
magnets, (Nd-Fe-B) it is now possible to construct quite compact, yet sufficiently powerful
voice coil actuators for jet drug delivery. Additionally, high energy and power density
capacitors allow sufficient energy to be locally stored and delivered rapidly to effect a needle-
free injection in a portable, handheld device.

One embodiment of a portable needle-free injector device 100 is show in FIG. 1. The
portable system 100 includes a needle-free injector system based on a custom voice-coil
actuator, with a mass of about 0.5 kg. It can be recharged from a battery powéred dock 110

(approximately 90 seconds recharge time). Alternatively, it can be recharged from a high

voltage supply (approximately 1 second recharge time) and provides a single injection per
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filed on February 11, 2005, all herein incorporated by
reference in their entirety. Wth the recent advent of
woaopana7dvel y i nexpensi ve hi gh energy densityPCT/US2007/019247
rare-earth nmagnets, (Nd-Fe-B) it is now possible to
construct quite conpact, yet sufficiently powerful
voi ce coil actuators for jet drug delivery.
Addi tionally, high energy and power density capacitors
all ow sufficient energy to be locally stored and
delivered rapidly to effect .gg needl efree injection in
a portabl e, handhel d device. One enbodi nent of a
portabl e needle-free injector device 100 is show in
rechai'_ge(ﬁnoﬂshowm patetattivelysyrsihexdditon, amcsuicibk chargieg imeahs ean be used
e%%or system based on a custom voice-coil actuator,
'of about 0.5 kg. It can be recharged from
a Mﬁo@tahlenwéﬂreeﬂeéimé@t&l&n@a@m@mmoedam 1ﬁéludeadi5qbssable

recharge tine ternatively, e rech
comnpare 3 Arinbis 800 et Tidispr BRPARE P amdlr, GG Ampule,
part# 196 160)3tabididireRRY t6 %.Q\ﬁbt@ﬁﬁd@slgdeﬂ%@wh@c@ﬂtLdiBntz-force actuator.
perrecharge (not Shown Al ternatlvelé in additi.o
arfyn swbpdiment ehangedig-firsdnisciondevige 4@ %f@“fneaéﬁa?ag'[éal cut-away in

FIG. gh A AL R ee I%&QIWQ sereRRA S of f &R Pldtk 000 OF tittehdeMRL fee injector

evice 100 can 1 nclude a disposable
device @ftearst msyrings\piston BPQ iswtured hi agnap-fitiing omfheclkent of a moving coil
240. "’ﬁ?%%ﬁ éé gfst ?{6311119 hh¥d XS 3@@ 1S ‘?nad@%rftaf‘fy %Qﬂélﬁg)naterlal The

ISrectly t0 a custom desi gned movi ng-co
mov1hg ceih240 tan be cmatnaatedrby tha mavb skiifhefithe devige m;é (ﬂhﬁabﬁfaﬂ@gs 280.

d 2 OO
RO U M e RIS R ALty v o

showan,Cfr’ﬁm al x@dl?wﬁﬂ@h@ﬁldtdfa visledlaptet (foe ekapple; bjexd®wigleadaptor, part #

2002838 BB BB BT TR Bl e pior o i

into th¥ deVide 200 S AArbriRdd 2@yat figy/ep of métspﬁhgé 2P0 Biis Heiarua oif165 um; the
any suitable material. The nDV|n coil 240 can be

diamgigh of theimkgen B90 iaprreximagluftI6dPM he devi ce and t he
beﬂfl’hf&ge?nl%ﬁ@meﬂ_th&%H%ngrvoﬁiék&ﬁlaimngﬁﬂeé SEntkes G380 Yin diameter

drawn into the syringe a notor (not shown
enanfeleshsapper wire wiund (usieg a.casf@fn-aladfs 5pil afRging machyie) six layers deep on
a thi %@aﬁ@h Sornld] G%E tvﬁicevdo?l foRtlaPk MrachRdlfrdin 20260 %oiaolymer (rather than
ternatively, t syringe 210 can be pre-fil
a metnh suet asyalhimiduee) iprorder to gniniaide tp mnvmgtm@sSdémr@él%dy 50 g), and
! 1DC
o it Hidelé G007 ndlEy LAl Ay BRI RRS e cta
resw&mpt okthewmbdliy 1 B3 X8 Hmanlbe mﬂbst(@nlbﬂ‘@l M@Fﬂtlonﬁ lo€ these spegific
%;e Cob's%ﬁo i ncludes 582 turns of 360 nm di aneter
pma%ﬁ MFEROBPSer wire wound (using a custom made coi

W Adithgveiae bdnh 240 siovek aye nmetae? (@ndescribed below), it slides freely and

smoothly on the inside of the same steel extrusion from which a magnetic circuit 245 is

to re

constructed. This approach obviates the need for the extra size and length of a separate linear
bearing.

Flexible electrical connections are made to the moving coil 240 by means of plastic-
laminated copper ribbons. The position of the voice coil actuator 240 is monitored by a 10
k< linear potentiometer 260 with > 1 kHz bandwidth, although alternate potentiometers are
possible. The potentiometer 26b can alternatively be positioned in the back of the motor 242,
or on any suitable position on the motor 242. The needle-free injector 200 can also include a

steel casing 290.
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a thin-walled fornmer. The voice-coil former is
machi ned from Acetal copol yner (rather than a netal
weuads/ass7al um nun) in order to mnimze the NMOPCIEYSHEIH19247
(approxi mately 50 g), and to avoid the drag caused by
i nduced eddy currents in a conducting former. The
total DC resistance of the coil is 11.3 W It can be
under stood, that variations of these specific
paranmeters are possible. As the voice coil 240 noves
in a nmtor 242 (as describegdybelow), it slides freely
and snoothly on the inside of the sane steel extrusion
fromwhich a magnetic circuit 245 is constructed. This
a’Pﬂiso gﬁ‘eh]pjbbwr ane Sndltﬂdkisflﬁe U.ofemnz-fdree eodlc::eaccsl)zmotan @42 made of the
th of a separate |inear rin El ex
mogneis 468 1CEPVBBIAICADoR SHFB FRBITBORRE P RHpraets ggustr
which k&Yw@?égfst&f o] ﬁe%ﬁl&frééﬂ:ﬁé’ét@ﬁtoqﬁjbﬁﬁfhefdrb@ﬁﬂﬁl th¢meedle-free injector
osition of the voice coil actuator 240 is nonjtored
into thb)paaelltfﬁ shin.| Therg argBYeREMgREH@ES: zmvwwgﬂe‘l oving coil. The

! h AR HE ubsH SMEJHRERL iameedled t
later i3 qp&d&%& melﬂ{)eﬁ p‘g{‘!en [ oc;rrtgtcg‘;il %2 (151 0 can z:\l Ellgﬁnn a{, e}vﬁ eeblgjec .
devmqsoa moivigeebil type hes beesideseripadeinthe gmbodimeng p t a#lly

S "thE %?%frﬁ 1208%1]1& 1£0fke QOoﬁ:Q %oﬂ?fn%&ox%é as da8criRAdh 16! 28 commonly

i nj'ec can al'so I nclude a steel casing 290. Thus,
utilizetitedaynineiior speakers.nEbueissnplpee cunmarcialivgiceecoil actuator, a 'BEI

Kimc gﬁlgtlgsor!l’llf)&%%g 4§%OM§S @{eﬁtlg ‘aamllk‘ﬁl ot tRé Redfl free injector

n-sunmary I'S notor 1S an
200 of£FEG.12. ormgneti c actuator V\,hl ch drives a piston of a

ﬂéggn‘{:rgb; { zgxgxtflgxget}tco(iuc teﬁ)t() us?g 11'9% Ugicg—rcgmntlﬁkﬁr is shown in FIG.
3A. BHeSmbhpMRtipcirgBit Yndh)tlb@ $wory Mig:‘mﬁg{ﬁ@M@@d) NdbeB gnagmets 310 inserted
The latter commobn bot
into a B ERTBIET st o TROERPTY T B dloneiudif e dy Hifdble
materi‘a‘?l Iﬁ?tvxf@g&asly*im d&ﬁ@g avdias ?uray mhgnans}ﬁﬂd ﬂmktngjﬁroﬁltﬁ‘e device due
. e linear Lorentz-for VOi Ce= COi
to mag@g;gp( e sptyratipn m the steel Cg}c}ﬁm etlg flpx Q@%F"tydﬂ%f: f %l% gap was
apprOQHgétglys(pquer s. For exanple, a commercial voice-coil
actuator, a BElI Kinto Magnetics mpdel LA25-42-000A.

ushvaithendetaib of hei rpenstictoifeui O 1%y FipE0i AoRIS FhOKp in,FiGS. 3B and

" 3C. EFIbGsBZshoé% Shadiaratt &ﬂh@n{m&n%dsF fheCiA gm bf 39&)55’:&%9&115 330 and

a Vol ce-cCcol notor 1s shown in
340 anfag'nancil on ther sagiet babbist artbslid queer@. shafmpmrkzect sf)twma of opposing

rm Wi REF Qe RielHOR0m GRS BPEr SEES three magnets
pe %ﬁ%ﬁggggﬁ%ﬁﬁﬁg}@%& ng %(gg;d alternat | velﬁ/ Be any £
is squisezédaly the opposing field from the lower set of magnets. This field crosses an air gap

to the motor housing and crosses the second air gap on the way back to the opposite pole of
the upper set of magnets 310. Likewise, the lower set of magnets produce a field that crosses
the middle air gap, but can flow through the housing on the return pathway. Thus, the field at
the center gap is quite strong, and somewhat weaker at the upper gap

The windings of the coil 340 and 330, as shown in FIG. 3C, are located such that they
are intersected by the two air gaps. A current applied to the windings causes a force to be
generated between the coil bobbin and housing, thus causing the bobbin to move.

In the portable needle-free injector device 200, the voice coil motor 242 is energized
from a low inductance electrolytic capacitor. The bench-top test system is driven by a 4 kW
linear power amplifier, controlled by a PC-based data acquisition and control system running

in National Instruments Labview™ 7.1. This approach readily allows for a variety of voltage
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materi al. Advantageously, this design avoids stray
magnetic field | eaking fromthe device due to nmagnetic
wolows/eat7ar ati on in the steel. The magnetic fl B&ET/US2007/019247
density in the field gap was approximately 0.6 T.
Further detail of the magnetic circuit of the
voi ce-coil nmotor is showmn in FIGS. 3B and 3C. FIG 3B
shows an enbodi nent of the notor housing. A pair of
opposi ng coils 330 and 340 are wound on the sane
bobbin and slid over a shaftgconprised of two sets of
opposi ng permanent nmagnets 310 as shown in FIG 3C
The field fromthe upper set of three magnets is
wavefSahERARdch¥d bh ehodpass, Mhikiitsl ahrfenband displacementgetfoohance is
anets This field crosses an air gap to the notor
monitgfgd &p @ecé’ﬁ‘éedcr osses the second air gap on the way back

t @nt BEFORRARE e tIROVScboil hdter IRy ha‘i&feeﬁ)ﬁuﬁ&iﬂbﬂt@ Médkuring its

Li kewi se, the | ower set, of nets égiuce flelg £
frequenkAFespPBLss é@ptrﬁwom%wdelt%?ng‘g]gﬁp ORARACHY T S Y e efficacy
was c(grﬁ‘g'n‘%en 1%?6cfﬁﬂg FELAYEMW PoR ST guitlREig tildef | €l d at

gap is qU|te strong and somewhat aker gg
t ﬂhe @mwcmgatcpm@emmeﬁw aftthe peicespil moter d in terms

of the} m Wntud@ of | %16@9 caﬁﬁrﬁi L10GRS-GR cBMA Rl ATt iR )as @B@wn in FIG. 4. The
ecte& h two air gaps. A current apglled to
electricbbadmmmmefommm sedeeeesistanige and indugtasge pethgawice coil) is

h )
approicgn%%cv tLat o%'batbf%rst grﬁg{ ggl::’ %lltglg R th'i??, gAYSL G his v@&pabbt'& ff

e ne dIe @ 1 njector device
frequéiﬁ@ oftabﬁro\mnetel)cm(} HepTbe ng48ad sleeun@ngcprmepaf pdmitianee (yelocity per

unit og (H.a?lsc S e:nscjat{ggildgst zli%eﬁaaﬁ?%lftﬂ%r vonl,l]gmp%?cf} stxggeérﬁﬁxeness to

i'near power
dﬁvh@ﬁﬂﬁkﬂi|6d by a PC—based dat a ach|S|t|on and contro
yftenwrunnl n_Natj onal stru

n
0L 0 L s v
coil c\ﬂﬁkﬁ@egﬁv&\('gfoggﬂ‘ $c|>1§:@ ber & Qﬁﬂeq}%reﬁtztfbﬂ:edﬁwoc,efomul’sbiémtwltﬁ is the
current an ISP acenent erto e tored a
produebebacuenrHe tyerder e betoah BB ot TRthd Bpge g ba. na
prefeH@& eROEBinMANLE VoRE BY dﬁ@?h’és} Dfbrid §enfsftﬁt‘ikb}QﬂQXO 8 + 0.5 N/A averaged
response, st ep response and its open-|

alongrthp éengdbof its strolsdachisaal nopk ofd 1ex XA a%?l%@% nfirmed
ﬁg%ﬁ&%ﬁy\? yb%'hﬂaﬂgstﬁe UBict €671 AMbRERaR A0 N of force can be

requenc ependent propertles of the
lmpoml uncthe Isymgeoplstoaﬂwe Thirsganiefatesiflyid nreyspes QﬁaPPFfE“mately 20 MPa

(comg@%]g{e H9e Y nlella d\%f&%&%na}%ﬁ&%faﬁl& zﬂﬁﬁQ@l@ li&8hjectors) which is

t ance rica
sufficieltiith effectsjet ﬁmqmed of g 265ReU seoliae qfelsul&mmﬁd* 1G. 5. The

1nsta%tap?c§ut§33%%\f%a anﬁthﬁed;/lgyl % V%OI lc)oﬂll%dgp ﬁfeQ{&%§$r}é 1E Qﬁé&o?fmately 4
kW. dHewdvedf Because the mjectlon is completed in a mere 50 ms, there is advantageously
negligible heating of the coil (<10 °C).

In a voice-coil motor, the force produced is directly proportional to the current through
the motor’s coils. Thus, given a sufficiently controllable power supply, the force versus the
time profile of the motor and therefore the pressure versus time profile of the ejected drug can
be advantageously tailored to produce the best possible injection for a given skin type and
injection liquid.

The electrical time constant of the voice coil current is 0.4 ms. As the current
increases, force rapidly develops on the piston 230, compressing its rubber tip against the

fluid, and accelerating the fluid through the orifice 240. The resonance of the rubber piston
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frequency of approximately 400 Hz. The no-I| oad
el ectronechani cal adm ttance (velocity per unit of
weizonsge7dal current) provides a neasure of therPeoiuse007/019247

coil motor's responsiveness to driving current. The
force sensitivity of a voice coil notor quantifies the
relati onshi p between voice coil current and devel oped
force. For a pure Lorentz-force notor, force
sensitivity is the product of the magnetic flux
density and the total Iengthogaf coil in the magnetic
field. In a preferred enbodi nent, the voice coil notor
has a force sensitivity of 10.8 0.5 N A averaged

tip decdye Aget Neev aiillisBedids] 4Rl the pisken 23kerathasq seqlyaktatevelocity which

appesfsgp BT TSP BRI G L N5 Egyet e guiics 240

Bernotfi's BEudtiTRESL thvistid stdaly SiitoripRs§ibRtfisv 28@s tHdietationship between
generates fluid pressure of approximtely 20 MPa

velocity apbplicaireas:o t hat generated by conventional ,
comerci ally-avail able jet injectors) which is

sufficient to effect jet injectfzgh of a 250 nL vol une
of drug as shown in FIG 5. Yhg-tnstantaneous power

consuned by the voice coil und r”t hese conditions is

apRr.o n

AT apERb R e lleoldp MEtRbp e BEARUS A RATLKKURS sbShat
appronandtelyidvery lddiséqogpdaff thenimjestivh pefile (§reed of fluid exiting the nozzle as

voi ge-cpil _notor., .the forc d ' '
deterrfi 1P g it e G PV oA Te) onfRel BGktebomed.
Altermdivgly, ghneus thms ifidremiests tolf yin djadtionl prafileecandweprogiapphed as desired.

the, force versus the tine

rofil.e of the notar and,.
Becaysgdhe MF<lon s 1BEE Bressiie A SoFiting SR (18 DiFeshiped in FIG. 9) the
press@le8f HRONGIH AN BRI EBuRA RIS gesxis tie haidOoPtetigeponduce
the best possible injection for a‘gjven sgin t%gfhandl ten i
i rﬁ)é@hrg!{epqzeg{gﬁl U?ltaﬁ_?e“%? TeSRGNSE Jreaprgmen crepsingrthe yaltage step in
10 V Yitr&Re O ub 16 200 8NankiSitngd td e s®dY B@té}%ﬁ%foﬂ%locity (t> 20 ms), the
I ncreases, force rapidly devel ops on the piston 230,

steady-otate jes ¥PIRgItY peas coptputediang thepaplqted ppringlRIpgfuICAsghown in FIG. 6.
FIG. 8%58hih&ie ocH!@d f)}eggc%oh@ bR rBé_rﬁ@.gHrehﬁh@& #ft0derddifdtrates that the

resonance o e rubber pistontip decays after a few )
needigifrdd inpetondeyica 200tis eansbis ofrgepgmting thanist velogitigs Hhat are required for

| 261 {0cait ot fle Q61U Y redFEREHNA iton velocit
effec%%eaieﬁ gglr?rveec 'a%tl ngy g}&[ﬁtd%%ﬁfﬁjt ?%I tﬁ f gw thr ou}yg% Fhe ori ?’ [ c%n velosty
can b24@rieBaes neadelli ' s equation for inviscid, steady,

 SHRCBIGPRE S 5 M A B A s by wsin
a shabgd ecltape wavedolnatd ggecusinyinel wdume of 50yl c The volthgedweeform
cdnsfspe%tof an initial pulse (180 V, 3 ms) to penetrate the skin surface, followed by a follow-
through pulse (20V, 30 ms) to obtain the total required volume of delivery. The injector 200
was fired four times per syringe refill, 100 times in total. The current and displacement
waveforms (averaged over 100 repetitions) are shown in FIG. 7. )

Using this waveform, the volume of fluid delivered per shot was 50.9 = 1 pL. (mean %
sd, n=100). This repeatability is similar to that claimed by commercial jet injectors, and can
be further enhanced through the used of closed-loop position control. The repeatability of the
50 pL injection, is thus == 1 pL.

The efficacy of the needle-free injector device 200 for drug delivery was tested in the
following manner. A voltage waveform was designed (140 V, 1.5 ms, followed by 20 V, 10
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approximately every mllisecond of the injection
profile (speed of fluid exiting the nozzle as
wdeo@roaisred by the pressure in the drug reservecT/useo07/019247

anpul e) can be programred. Alternatively, various tine
increnments of an injection profile can be progranmed
as desired. Because the injector has integral pressure
and position sensors (to be described in FIG 9) the
pressure in the fluid can be neasured before it exits
the nozzle of the injector.. By-taking repeated voltage
step response neasurenents (increasing the voltage
step in 10 Vincrenments up to 200 V) and fitting to

ms) td &)6ctSi RAsaBIRULE qubstigTof\Rlid.C Upyn establishingithe repdntability of the

. sSteady-state jet. velocity was co ted and. t hen .
cjectevopings tmerier 20t it 8 RGRE Pt redise Bt Polysoiences Tnc,
Warria@idhi PAF it posieehes guimsigibiskis THe tissee Bas tgew dounterstained with

qquati on and dempnstrates that the needl ﬁrg 4FIG. 8B ¢
Mayer A Hemaso (DAL OB g Emation SBTIRIP, DegBREN a o S ARG FIG- 8B contras

non-it‘g@{:t.@& bhd BjedibRiissie@hbRitY thetdd:iig Bfsf REVEME theinjected dye has
eliver It can be understood that the voltage step

ot

effecﬁ\@é}pms%edathg tgregteddowel dumiss can be varied as needed.

The :Rmb}xpmaﬁégg %‘ﬂ%péd by theQboidelRiNa6MHr @sld Rethe needle-free

i njecCtor system was t'ested by using a shaped . )
injecty}ﬁﬂexdgale%%iseh@abi:itsotoee}eem-_cwtnd ﬁhm@ptqrgfpmgpr@ﬁag? opflisplacement in

The Mo ; i .
et L0 YL LGN S O p Bl bd Al gt
and pbymits theldeoitt o il dpliverg t¢ #@\GrugGypesdr injgciadn sithr t he

tatal required volune, of del]j . ec st i

e S e PR oot e R ooy s
amplifitk & confibfled by hanicréprdedisap|Iacardditionalaf dtensative embodiment, the

. (averaged over 100 repeti.tionsg),are.shown in. Fl -

additigay Qfé‘afgfﬁ%r% wsep o therAavipg caihaligys e Yoo RR eur%g((j:l Zl%)g (ynamic
mateSfAnaly2ér. 3o lindar Bysfefe Rienti S cationtdciMiques rsused to interrogate the

repeatability is simlar tg that, clained g}/ comer ci al i
propries pifpeHienierioftR ST AV iedPe SRHER R SIHPBE 3Rt [IFEHon
wavetSataroslifsS ol ARAIRASI tion control . The

rﬁgeatablllty of the 50 nL injection, is thus 1 o

Theneadvantagp ofuisinga predin-Eee ieetorfeyiqegyithya grpiEolianse linear

Lorexit%[foFJelﬁgnQ%riié( ?5&‘&31‘% ih2Stof Presflrk NEnisQlchAd M RATESId: control of the
vol tage wavef orm was “desi gned (140 V5 1.5 ns, )
injecfioh preasute Wyriag injectianss Using $jiedavice, peasisagiontrol eier delivery
uant | Qf pd. Upon establishing the repeatability
pam'g?tefﬁwcea%éeeag %ggé\l/ol ume, the injector 200 was used to
i NLeehtz fecbetdctstersfor ek agplty ear( febleddgk prassurersod velocity at the start

Var.rington.  PA) into_pqgst-nortem gyui nea- pi | The. .
of e FHE B G181, RN IR A B PR ey EadieP heliorit (or al
of thEldo®d, and tHen a Dakt Ohigheatoron at Bedsil enbef De wyaliekP befer@nsure that all
8,3\ and F{.G SEB contr ast
of the drug is delivered.

Advantageously and in addition, the control of force and velocity means that one can

maintain constant pressure and force through the whole second stage delivery cycle (first
stage being the breaking of the skin with higher force/velocity/pressure). Through studies
conducted utilizing the needle-free injector with the Lorentz-force Actuator, it is known that
the majority of delivery of fluid occurs during the second stage. The lower pressure follow
through does not appreciably affect the depth of penetration. The advantage of using a
Lorentz-force driven injector is that one can better ensure that all of the drug is delivered,

compared to other needle-free fixed force gas or spring systems, wherein by their nature, there



10

15

20

25

30

non-injected and injected tissue show ng that during
this delivery, the injected dye has effectively
woeaslets7d he targeted | ower derms. A significaar/us2007/019247

advant age offered by the voice-coil notor used in the
needl e-free injector device 200 is the ability to
servo-control the notor force, pressure or
di spl acenment in real tine. This allows real-tine
f eedback control of pressure and vol unme of drug
delivery, and permts the deyjce to tailor delivery to
the drug type or injection site. In one enbodinent, a
cl osed-1 oop control system consisting of a conpact

can bésa\bfdghéﬂsﬁ/ewmdhhugfo'rcsc/pmsmlrdlvbledit&)ys thedielvepyrayclesprogresses. The

ddj t j.onal
probleggaytth i dligmedte Flesi R s Eo§ERR BT BVt Syereby there s
insuffiiéRWresstie/gadig at ke Bl oSthd saskaofiye @iﬁtcﬁn maﬁoecrel/mject all of the
anal yzer. Non-I| near L 51 ntifj gf i
drug. ZFhe Gpsserluescs bR ORI a! th, “iﬁ? et le g kin (or even
perha § {r0fhe L1 NORE f)bé%ﬁble bl R0thisRRitkl 8xd &%phﬁg GeIeet lﬁrmvid% much greater
I njection waveform appropriately for the tiss
force/@nl@camlmla gecessaryis (Thip ¢ans BV eerf ledd 19 delaeropt ZaeAth ghat is greater
than 1\§Mdt=:%lre§’ll &Q?éllf %J ﬂgg?logslin'h@f@f HR8A prchARCRssAE HARASY cdriSiderations.

pressu e. This actuator allows
Thus,rtap sk mmmhtzeforcmctuatpemd wricpreld sater allonysgr greater control of
inject] Oor{ C&/él? n§c‘de;,p fﬂ},é&io% gxgd’ 8 thP PGS t?d? f&oxm)feocj: pti&ldelivery of a
anme S cah be achieve Lorent z orce
drug wcﬂmhds posslblﬁtyrofémrmﬁreand:msséﬁeb«bceeawg>|ﬁ ppleatisliniuiry fej tissue.
)&)%tlfr%% %/()é}t 12156' 100 dlSd)%I‘Srléelg gﬁé Ebﬁ%é dt?ﬁgug &?A\f hha‘?ﬂ% ﬂrﬂWary 1nJ ection
depthﬂiajdefermme(imy tht ﬁﬁltla)tfpdahqarehsue andrtble tragrity of fluighd¢livery occurs
during ﬁ%ﬁf ] lot“géfroelég : ortosrre]:g? tcgp{flsie}g'g nglfl%é h’fl\m/ IS %%grdtelo tobc?etlfv%F less or more
fluid &Sjg @Eﬂtalﬂﬂ Qepihliy tiasue, tHI:: wddid fredinjédeer caaiercohtrofled or pgrammed to
and velocity nmeans t one_can_ mai nt ai,n_const ant .
citherfhostsny EnEHAn G EEY The BUGH HUEREPEUSIu daespaigiscessarly vary the
lnuwﬁgégyﬁéﬁmgycle (first stage being the breaking of the
In wth higher force/veIOC|ty/ﬁressure% Thr ou
st Thsre saydredushetoriimizatipn gf thedoHewdhoneh pe smeég%tcﬁaﬂ be explored
in thé/‘ﬁﬂ&et Iiﬁsgyggﬁﬂfeqhétoi ﬁ%ssﬁ% HRYRtharl the iSitiKINsuaR }iréb%hretcf@ still have

ivery [ uid occurs during the second
enoush mgevowen@ afgees tho‘il@if,ls af ﬁleflme%w -t WrBa grPaHRE gpnducted with the

Loreﬁ%pfro?ct%' i g@lc%]g aht %l&ﬁﬁx ﬁ%@t@%\ﬁg@iﬂ}%sﬁ’é {0QRject M@ drug was only 33%

rent z driven injector 1s
of th¢ pedk pressucanlt lsetl be understpod thitdn cetain Gfrc’ﬂlﬁétaﬂ¢%gthe§0110w' through

press(iilre canebe ijO 100% of the peak pressure.

Future experiments could focus on finding the maximum follow-through pressure that
would not affect injection depth. In summary, maximizing the follow-through pressure could
allow for faster injections since more fluid could be delivered in a shorter period of time. The
presented Lorentz-force injector allows for this type of control.

The depth of injection can be varied based on changing the peak pressure with which
the fluid is ejected. Since jet power is proportional to pressure, increasing the pressure
increases the jet power. These results agree with known Schramm-Baxter observations that
the depth of injection increases with increasing jet power. As described by O.A. Shergold, er
al., “The Penetration of a Soft Solid by a Liquid Jet, with Application to the Administration of
a Needle-Free Injection,” J. Biomech., 39 (14):2593-2602 (2006), in, the mechanical



10

15

20

25

30

conpared to other needle-free fixed force gas or
spring systens, wherein by their nature, therecan be a
wonogresspvel y declining forcel/ pressure/vel oci PgTAS2M0M©19247

delivery cycle progresses. The problemw th this

declining force/velocity is the resulting wet

i njections whereby there is insufficient

pressure/velocity at the end of the stroke of the

piston to force/inject all of the drug. The

consequence is that some of_{je drug/dose is left on

the outside of the skin (or even perhaps in the vial.)

One possible counter to this with gas or spring is to
propeR{e8 \of € 113468 affeeahe bbillity 6fthe§étac Ipbyettdiétmollscaiﬁma@mby:d that

Thi s can, however, lead to %ﬁ;hy .at a deEth that is
differeyit eimemtitaivg madslspae peesgsasy fi eret {ipRue SEUCESi |ty of

PRj4hyAiiGlg P Aetitist @dlivieksuStd@: t8FFREEptH O Boindaira lbhfited thibésinjected into

t he Use of a Lorentz-force actuator and voi ce- coi
musclgtisene, athilpven thg othpr ead of thesmesigm dherp AF YRy §HORE ajgyments to
sugge@tsﬂagtetpl]to gF nbfAIES CL#&{})CS aRLdsPHSIVIEd RAHE MitkaHernfd lé'Sl&' @relatively

Ivery with the possibility of
shallolveé@tb)al It hasitecpoidy b@ﬁr@q; ted hat of vaseinemepuld herﬂehwsfefi@ccurately

to the 1h§'§ ldgrm%:ﬁggér' m%%g@va&%d'lﬁhﬁﬁfe'reéboﬂbé PRt bfiivering in closer

ue's at the prirmary injection depth
proxunstydetﬂm Bamm@eldsh@d evienimagdrespedifipplbshigdangerhan ﬁ@lls}, could

possﬂ?‘fg{rgsru'ltt x}‘n tﬁe a s étgntga? ld&y g{ts)é ifl ‘El‘féj&ﬁogxﬁrdf@ge ‘taaﬁve that would be needed

hrou or secon ressure perio
for arpeffieacibas dmgaédtmafthérepﬁ or nore fluid to a certal n depth

' th dl.e-f t | N
o BN oD B Pl R B B GO RL LY G grtvering
to a sp@Jifi©depth) elight Har st e ﬂ&dhcdﬂld@sbetwbeméo%&sﬂrﬁiﬂ"/y )Aarsych the

the initial eak ressure ere furthr
ability POl RO AR PEIREof § DTl (IGTObECEin B oL dgpth: an hive
very 88nig%RhOngshct 6n H{éa:ofst'&ﬂ-t[rﬁgs ddd V&cﬂ@SS !hbhcﬁilﬁhmtlf ane could reduce the

pressure lower than the initial essur
amoug pf petiygubeantfgteefed: thower/ etgposy R erddion Bl g g reduced,

thus llegdxlﬁﬁ '119 Hloré ReduRfeyS X Flof® Pl v 0108 e srloB detidrd. MFdrtiRr, the number of
Loren force |géector t he nHX|nun1foIIOMFthrou

dose%)thé%%ﬂé be pradsie ﬁow@mwmaeﬁwals biglegicglpan ‘é%?&me
prodt&'ii%ﬁantfé:rﬁ még‘ bé:émﬁ lfvé' H?@Jlé& 91090§sh5?§' ebdh 8faddB-10 fold. In addition,
clrcunst ances e hr ough ressure can be

if one Goul @ 0edust thrempuatiofet s ststange thesizemndicarecsiy of
m@d@%%ﬁiﬂgﬁfg&ﬂg%g F@ﬂ% naX|nun1foIIOMFthrough pressure
a

not ect injection depth. In summri;Wl
rraAddntlpm@y,tdoetrbmﬂ foveetandoglpeipyraas sonkle both bishivelogity e break

througg%) a%l enoz{1 fower lig&% gpfo(?cérh}éll&ltgzw egfé ﬁfél dri’lg.r ed

SRS er|o
Advdntagentiglyf mus:may hilpgirevena theobwafiog ot degradativn offthe tissue into which

e S0 LG Bl o b S S Bfen o v e based on
Operatlon of the needle-free injector 200 is relatively simple. When ﬁred a pressure
source applies a force to the piston. The piston transmits this force to the drug in an injection
cylinder. As most aqueous solutions are essentially incompressible, the pressure of the drug
rises. The drug is forced through the orifice of the nozzle and ejected at a speed related (but
not strictly proportional, due to turbulence, etc.) to the force on the piston and the diameter
and shape of the orifice. If the speed of the ejected drug is sufficient and the nozzle is of the
proper diameter, it will breach the skin of the recipient and penetrate to a depth related (but

again not proportional) to the speed of the drug and the mechanics of the skin.
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the fluid is ejected. Since jet power is proportional

to pressure, increasing the pressure increases the jet
woawsro27sihese results agree with known Schrammp8anisern7/019247

observations that the depth of injection increases

with increasing jet power. As described by O A

Shergol d, et ah, "The Penetration of a Soft Solid by a

Liquid Jet, with Application to the Adm nistration of

a Needl e-Free Injection,” J. Bionech, 39

(14):2593-2602 (2006), in, tiye. mechani cal properties of

the tissue affect the ability of the jet to penetrate,

so it can be expected that different quantitative

A QkSviaksdy BRERS fas Myﬁ&hesﬁheﬂftﬁdit&ﬁhtrbllﬁ@.the $mssme$roﬁle of the

Many drugs are b st delivere a_.tar.get p
injoctosie & ARSPE REAOREP B 15 Sreibd THaBe A6 L et R85 §0en #¥fiques allow

for m&@ phdifseqlonfol 806k dliveRe GaREdtEM daiRibR @k&sdt@pi;ofﬂé irjegor can be
unents to suggest that nost - if not all - vac

achiever bytgeseraioRia e BBla f9reeHe ATHE e MUCHRITS Pisier COmERtiO needic-
free nééc%!g@tg %rlé Eygaslphﬂéé SR tpressell A Sre BFABAI Yo &S] in such a

I f “vacci nes coul d be del i vered,
mannerc dilecitiealycontroi Aldowneanirod of thel injegips systemdn &5a 4 (T hus, the

preferre%e@?c \?s%? gqfﬁ?eﬂ%z‘o%e a@ﬁllzl{o%e ?fvogz@ |doVi§hb a8 fdrtriifs 8 Wariable-

I's and even nore
pressuip eeedledﬂdel igjettoe, drairtgemhautos forey thag duprgppaipspbioyan electrical
result in the a substantial decrease in the anount of
curreily o+ active' that woul d be needed for an efficaci ous
| mn getdralthehesedeyfred tnjéraer deivine ibeemprisert of meryicerhpenents, but can

nmount of actlv bstance nee ' :
be g SRR e Bt AR Bl ELO cytnder,
and aﬂ ﬁﬁﬂbﬁﬁﬂeﬁ@%@ﬂ Avif R debdsiteddh FIGRES ahd 105 yThajlnwmrrdalvice is
paramet ers_of a needle-free injector system and

deSIg’é%‘PrQﬂhVa’ébQ%”Lé’é’Hnﬂ%\@te ¥ significant inpact on the
COffe HusHgUthdl BOQr YRedtinRgFovilles Asehportdnto l\ﬁhlﬂﬂ&leeemlod the needle-
reduce the anmount of active subs g n ?\g%g ﬁ L
free injiegter dayjge it 3ftashepr Bd%@fllt@ﬁmﬁ!daaré I %&W "FB&% R Lorentz-
forcetnb&ér, aﬁ& gk&hﬁ& 4 BorlBh e CEidaAG acu iRl MRINShaR!t8 Vwaistethelpiston and
Furt her, the nunber of doses that coul d be

acyllpdmmbbrlenpwt%e phar maceuti cal, biological, and ,
Vaﬁ%' n&? ) &8 %&tbloﬁr&lnﬁ'gtls Mh?c? c@aph@ﬁtrfﬁnb;ﬁarqgéép hSlQmQénetlc

y ‘even 1 ncrease In addition, if
stamlesmsitebl mexdu chafk Het aursithe leogztheefi the m@@b@ﬂeﬂf@@uﬁ@e@@a the front edge

th l e the
of thfi, c‘éogh%:}éug: R dg" §eaa?%% ltbéar?%%sﬁfn?eg"‘éﬁtl?t%%g 135 Lnéjtelbl%ce inside th

| ONna force an OCIty
lmeaf:ﬂ\btcﬁﬂmbhmgbmhktrahnglhe meimi(h'afty to break thr ough t he
X anglnﬂga b?rméen? 1§ éltct)%cs eIi % flﬁe i{'efrﬁl e%ﬁ'o‘i%ﬁe 1tr191n shaft. This

couphﬂ@ise:wmgnhé sattetai 1.1'@ lmealdieagweald altansxmttekl helh\ereem &@@bvqcnisgnam shaft
and t}?’é‘ piston (part of the piston and cylinder assembly), but off-axis forces do not cause
binding. Thus, the piston and cylinder assembly can be slightly off-axis without appreciably
affecting performance.

An embodiment of an injection cylinder configured for autoloading of the needle-free
injector device is shown in FIG. 9. The cylinder can be machined out of a single block of
Type 303 stainless‘steel. The cylinder 900 allows for bleeding, autoloading, and pressure

sensing.
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the drug, nolecule, biological, or vaccine is

injected. Operation of the needle-free injector 200 is
woeb@inyeby sinple. Wien fired, a pressure SOUPCE/US2007/019247

applies a force to the piston. The piston transnits

this force to the drug in an injection cylinder. As

nost aqueous solutions are essentially inconpressible,

the pressure of the drug rises. The drug is forced

through the orifice of the nozzle and ejected at a

speed rel ated (but not strictdy proportional, due to

turbul ence, etc.) to the force on the piston and the

di anet er and shape of the orifice. If the speed of the

ejAecingd] bore ®90sussittiilengthbf drectylinden0z |’ Bhd eentrfal bere 900 can act as

a chalplré%ﬁ'gfr g«ﬂ?&%ﬁg&:ﬁw&; af\itefr@agglé{e%t llgleardélftg{négu (%}J?fﬁder 900 can include
a vial @iyrﬂfg@m* éri?'(}ﬁédn)s dfholdifg Heambstahcd Withidrthg cyhnkidr I960
mechani cs

t he skin. As previously state
T8 S es QB0 HARRBAEH £ WPt R BLGHIF &8 At g awsiliary
bore dd%e TH§BELind Rower ARRIENPhored Alel@hhédien td e depirl lmel990 by a
hape of "the injection. Suchtechn%sgues Iowfor nor e

mlllefbﬂ@ins]emb@ﬁt%’lwd?f\fé?e bretwiega l) threg RaTSaBGSHY 52 vari abl e .

PreISEr AbGlidry Botd DS HFunza tHRBk 28IRE ©40EAnBY: pressure Sensor or
generating a variable force to drive the injector'

pressiie stapsducep AT nThe peessyre senser PE@ mogjters the §f3556‘iﬁéf‘%ﬂe B}P injection
cyhmieg ?HB @ tlﬁﬁnplgfeséﬂﬂ e 990 s ﬁin'efgfuﬁd%ui*o} tﬁé’pl‘é@»ﬁtqm' in

a nanner ectrical control | ows control .
t ﬂa this pmbbdimeysthe piston P&Dfﬂ]e[@wcqrmjg comﬁprgpgy @yqlmle syringe

pisto axgyfl e]%ocf'el L3psed 35T %g% e;g%ﬂ?hf){he(yoré’ 8f fh% &Bhler 900 on one

riving a varia ressure needle-frée
end, amlj the irdsaliganenh emlpier insitlp the hawsing/mbtor SHQCWQ)@DFhel asherl The piston

ﬁ {leﬁ \rp ical ¢ rg ents,toln general, the needle-free
92Ociaﬂjal (o) ot F@gysgl%c}ﬁ}gh ¥ed of many conponents, but
Caq ridg iPraH&NintoWe dylinder face® mppxranUDamg%&thlabmalmge nozzle to
and notor structure, inject

the o4lST oderO TRIPEN SUePTIPBELEL O S B P . poGraggyeys on the ront

face HAhé cylRier QD@C'Aoilxdﬁ)\lﬂ Kdle bartein 34 @lesll 4l Wppéd/mo h@Gromt cylinder
vol une at 60 MPa. The housi ng and  nop é%{r structure
face. pTIWP delis holdaningrte Jh agafirst ti PHBIFTE of the

%’lfnﬁ@r OG0 RETHRE 1rgz@1Yde§@ Hl@ed%cirﬁ@@ﬁ‘ dThd blek& pBHIMY forces air that
aroun Ki nto gnetICS I hear Lorent§10rce

may h@ﬁeppedandh$th@e%,eVéF%f6rb§teﬂwt% din qepation, theblperhpeay 997 is opened
and tﬁ%ir@e&&aéévl C?ols !}éﬂd&éh Wifa Bh§1td0 AWREHAIR of el ABAs AeHRAD(Svident when

onnecte e coll he notor structure is

bubb&tstca@ﬁeetd eseapg 1B Bolignidl |t@m’d?@¢ perb ARBETEP38d: st ai nl ess
elnd T8l d%l@ﬁtt H‘Eéqtfel'fr gfrc] @Qﬁgbﬁ@ id S0 BrRtivE RE 1B Het ¥8e. An O-

ro rudes ron1f
ring that is approximately 3mm in diameter (not shown) is located just beneath the valve head

to provide additional sealing capacity. The O-ring seals the valve at low back-pressure, while
at high back-pressure, the metal lip of the poppet valve seals against a valve seat of the check
valve 940 (not shown). The check valve 940 has a cracking pressure of approximately 275
kPa and is used in the autoloading process to refill the injection cylinder 900 automatically.
The check valve 940 may alternatively be any other type of suitable valve.

The front of the ¢ylinder 900 is drilled and tapped for the nozzle 910. Each nozzle
910 is constructed of aluminum, and has a 100pum nozzle in the end.

The front of nozzle 910 has a flip-cap 980 attached to it. The flip-cap 980 is attached
to the nozzle body by a hinge 985. The flip cap 980 can alternatively be attached to the
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of the coil structure. Linear ball bearings inserted
into the 12. 7nm di aneter race inside the |linear notor
woaoumings7eonstrain the main shaft. An PCT/US2007/019247

axi al -m salignnent coupling is attached to the front

end of the main shaft. This coupling is designed such

that the linear force is transmtted between the

device's nmain shaft and the piston (part of the piston

and cylinder assenbly), but off-axis forces do not

cause binding. Thus, the pigtsan and cylinder assenbly

can be slightly off-axis w thout appreciably affecting

performance. An enbodi nent of an injection cylinder
nozzle@“ﬁdy@ﬂaﬁtﬁﬁlefrﬁéana uiolorkdito gea)fantohxeﬁce of dieaadzzte@h()lﬁwutg:ﬁmtoloadmg

o ol eh i e Ui e NS of e sl

with a%‘lfc%lne rdbtRr ¥l WA Rijectbl i@Wo1t frﬂ!isebbﬁ@ﬂixfg}autoloadmg The flip-cap
aut ol oadi ng, and pressure sensing. A centrg ore
e

980 is themsonemed i figiehtoomiach thecdne puket BomozAlRd] P o 53p 980 can be
er for holding a substance.
Operat%@glét:a%%n?%lg ﬁ?a%gﬁ#?ﬁl‘l‘%ddl tion, the cylinder 900 can
Tibe eskavalve$40 s in gommymicasion ATih MARESOHATVRiPAP Ry timavhich a
medxc?ﬁﬁgﬁt{]tﬂrb%q%f%{eg i8stofisa. Cptld d}qg rres%%lr gf@xs%éggﬂg@ fo thgasﬂy

es an upper lTary bore
replackahler Irnond ¢mb<pq,m1§=m, éhQ%erWhé’59p§)mStaaﬁ@Fdl Wl medlcal vial and holds

enougg " }t‘o‘rjll'r g d Jegéor%r eAl‘feQ‘H etlf gf fPa afd'?t??rp %P& %Isexblgfrgf lding

annel e tcy éce etween a
vanodslmﬁﬁmms&agnhsmﬁ&ﬁmaymeud;adwer auxiliary bore 996

nt.s check l.v a Sure,.Senspr.. or
R BE GEpeEreE PSRt PeDas e B Bea TP A Bl la vaive 955. The
valve UB8ig }Q’éﬁer&lhﬁ aFoRSBI Cali18ihitth ik AeVea] Bloid Dynapidsdex04-BW1 three-
900 in rea h . TBS central bore 990 is th guid§ out
port deviee: fergady.dhe yalye 9P CPHP%“%%‘B‘&PH%%SSE‘%"W@YSP RE R 5% ey
passa@s. TR VRN $55 hiay alt&ARREY B¢ by typad vaktialblevalyei nge
pi ston, a Ham |ton nodel #50495- 35. These istons fit
t Feopepmbedimens thy Arugsereryoly 99 inrRINEAEd to e qyigut passageway of
the vames@éﬂ mg{e ﬁﬁé‘ Pés@fvdnn%(ﬂﬁ cbifediQUG BGhPR Sfvalve 955. The pressure
structure on the other. The piston 920 can
reservalnt ¥bria i high-praseurg aygon tenk Witk piegulgtor. Aliqragively ay in addition, any
. of 9
st EhRHGE UL UG REG ACRARSED. 82 bR 808 e con
drawmmﬁmaahadexaﬂuo with tltﬂemhtcg R43r dhusimgeysursageanyeygiet be used to

ont r 900. A six-bolt hole
push %'Stsfl ?tﬁmie é%f%%i’ef e%‘ggg%&ﬂé‘%gg‘g into the front cylinder
f datte.prddsaserebalois 96 lisicennected lvia healgd 39sto thhrair space or dead

volumé/ éﬂo%%%ﬁe gr%% in the drug reservoir 950. A dip tube 945 that reaches the bottorn of

the drug reservoir is also connected to the check valve 940 in the injection cylinder 900.

During the autoloading process, the valve 955 is opened, thus applying pressure to the
drug reservoir 950 from the pressure reservoir 960. Drug is therefore, forced up the dip tube
945, through the check valve 940, and into the central bore 990 for injection. The piston 920
is slowly draw back using the position sensor 930 as a reference to allow the cylinder 900 to
fill without creating bubbles or cavitation. Advantageously, autoloading allows the injector to
be automatically reloaded after each injection. A controller 965 can be used to automate the
autoloading process by controlling the motor 242 and the valve 955.

Further, the position sensor can advantageously monitor the location of the piston 920

inside the injection cylinder 900, while the pressure sensor 970 monitors pressure inside the
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The cylinder 900 further includes a bleed port 997.
The bl eed port 997 forces air that nay be trapped in
woOhesinjeet or device to be evicted. In operatiear/uskhm7/019247

bl eed port 997 is opened and the injector device is

| oaded with a liquid. Wien all of the air has escaped,

(evi dent when bubbl es cease to escape in the |iquid),

the bl eed port 997 is closed. In one enbodi nent, the

check valve 940 is an autonotive style poppet val ve.

An Oing that is approxi matelg. 3mmin dianmeter (not

shown) is located just beneath the valve head to

provi de additional sealing capacity. The Oring seals
injectibﬁ %K}iﬁﬁé@(@tmh@éﬂ/ e KT lgse S&isbf‘s, cotnbireedatitihidgl from the voice-coil

pressure, the net al alve.se
motor 2GR a R b BRE 1BBE R LR VSO R GRS RUgEion. With a fast
enougﬁgﬂéma)ssm EROSERE Bles 8dnsBrsAf bBased i mdtitbNghddRfsgy afors in real
proxi nately 275 kPa and is used in the autol oading

time tp poeshiss atpopesfinjectipmevery figts if ShinAramefers aypgnown.
a%@@?&‘e lr%edl-ghﬁeecl %‘Ekor\ﬂ%{/i\é@ aRBQs TBY béth lgfonddtic@lddontrolled

e any of her Itabl e valve. The front of the
m;ectmyxls and| wellgd.scaurtmndnq d>11 atplaading spipaddlitvor t he nozzl e 910.

E&ﬁ% Egla %ar%]oq tfiximfe% Oz‘tdre }%E%gn 8k sBtd'H Iﬂ[@nloa'ﬁlehﬁﬁcﬁr device is

e’ en ront o nozzl has a
contrélleldﬂ}}(:zahn%&naﬂﬁ'm 5] 960 staccomputainioterface 1074p 399@ I-‘PIQCGSSOT 1050.

ached to the o e b ke
CyEgmen darebit el Th Ferfetiellefs BNy Bt HiSglibb iy amount of
energldyligerel abtea m@rl’k‘hortlphrmd) bkﬂn‘teo Is sampantaot thhi the po¢ssuigdn the
nozzl e 910 i ng .aut ol oadi n o void.ai . enter]
inectiRESUBPE 8 GG BrSrBRAFaLIS of YR TP &ibbéh of the arug
will RS IRFSE Gt @ifcheneaits. Themidrs, meso{noe Qllm@ntgﬂﬂhb antoteestould be capable

when the injector ot in usge,
of progyciedanrh glgh%téolfag?bﬂ@aﬁf@%‘t?% 2R “8% bR TS 57 dgp pressure

rlsetlh%sc%%tmﬁxﬁlﬁxzéﬂug out of the nozzle 910. The flip-cap
can be operated automatically ﬁy a controller The, i
cﬁB@KLmanVefommnp@rﬂﬂ eotaem Ryat PEW (Repk igtayt {f commercial linear

audlo éﬂ f?eTq O\%te{H REWR b nan H&D T OAORENO. t'ﬂlebﬁn%)l'i‘ﬂi&qt()@d is driven
St Or

drug reservoir 950 is designed
with eh@nbyalrlapﬂrmneab IIIEAQPad 602 Edate @cawisitiontdexice d 9P which also

contra]?ljaa @6@0%@9%glﬁl%ﬁﬁﬂhnﬂbéltﬁléaﬂxiecrt]@ 8% Ekoééshgors including

I'njections ernativ in ad ition,
both theUupositierk sersor 260 end Mg phesqglrwmsougﬂhnou nts of

?ﬁf}%eﬁ i E bl% SH Sn?tgrfa Thle‘()?%rlg gax[n%e%%dv %' the ?Q)Q:e%séé i.l 050 , that, in

|cat|on WEh dn a ofal
conjublegion &itheth® Ihjebtor Moafrel sdﬂvgara 1680 @mﬁr&taseth@/ iringivetyefagms and

BTN TN R TR O —
of MRRASSHFEOV Y] S@dnENf 20080 | nput

The Injector Control software 1080 allows the user to purge, autoload, and fire the
injector while monitoring its output subsequent 1o each injection on a laptop. In addition, it
provides a static bias current to hold the piston in a retracted position. It also provides a
piston stabilization feature designed to prevent piston creep when the injector is not resting
horizontally, and a pressure tail-off algorithm designed to brake the piston post-injection and
keep the falling pressure from leaking excess drug out the nozzle.

The injector is fired with open-loop computer control. A drive waveform file (a

column of output voltages) is read from the laptop’s disk. This waveform is checked for
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passages. The valve 955 may alternately be any type of
sui tabl e val ve. I n one enbodi nent, the drug reservoir
woaWsik7wennect ed to the output passageway of POEUSAI07019247
955 and a pressure reservoir 960 is connected to an
i nput of valve 955. The pressure reservoir 955 is a
hi gh- pressure argon tank with a regul at or.
Alternatively or in addition, any suitable pressure
source may be used. Alternatively, the substance to be
injected can be drawn into.tihe cylinder 900 with the
nmot or 242. Thus, pressure may or nmay not be used to
push the substance fromthe drug reservoir 960. The
va11d1th aristher oﬁ@&e wiatthe nG&ﬂe-imj ec:tomalmctee dl'he meedbeinjedtord«d4® monitors
to the air ace or .V ove the drug in the
and logg the 1pigsior \518 ice éE?ﬁnSOAS 3’1‘?)“& tl!l‘Bé 5%503 hat reaches the
bohd RiFRbr 4uliS10888Hnde? FAI Wai-tlmesfeedlﬁQk eonnek t Wikeh thet dutoload
check” val ve 940 in the_jipjection I%@&fr 900.
commenbisAive 391s9idyalred3d In he aytoloaden 180G s qpsnpdqllo f"'ﬁ‘?ﬁ’s
pressuBiPEd YhipOr Gh8SHUE Gede@vdiP G5 (HoUBadte®e ineiral ISOhe Iilgm:tidiﬁcyhnder 980.
pressure reservoir 960. Drug is therefore, forced

Then, trepiaiop 900te slomdy drmbagterls i6i5eRall S/ensy BSiga g1e BaRifion sensor 260
asa reg%%f?cet hﬁreﬁﬁ&ésﬁbr P PmBRYort HovefieBE hPhodliR€esiths HADe gower

raw back using the position sensor
accordmgla, assthe rfecm;l bewsen 8w inisetien Fylingier 980 @nd ghe piston is Snonuniform

over tlﬁI dvan tof e ?é%ﬂoﬂg WQF iftn §W hﬁsaitu'llg'}etracted both the autoloader

ageo |ng allows the I n ECtOT to be
pressuael amdmdnl delvé yf thel Iomchate-fafce amoten24 angjsbut ¢idn Tha autoloading .

capabgfr%% 8@ L gcg/r r% tgﬁpf}pﬁudﬁ%ggra%g f)f‘blﬁtgg)%{iﬁmﬁt dﬁ{tg d@éﬂ'&i é\}ggﬁrﬂ @f drug to

i ng
anac&MﬁiydaurlhEx the position sensor can advantageously

itor..the |l.oc |onofthe
Peobrighnasnit e aue SRR Tisad g8 gty Sk blfiegdppek contrl
loop dﬂ}ﬂbtbﬁ posiiofSaal iR po@ﬁioﬂ&eﬁm iah{l estdubnechkibiabapov@@@fithe coil to
real tinme. These, sensors i ned, W%LE data fr fih
achieygs ztsa%wlﬁtmoaﬂmﬂfewaﬁ%? revitatignay forges,of Etcse %3‘&8 olthe
devicd B€it @J f18G6d. VERES ShdfnjRedtitah B Beld Witicaliyt Withotaséed from the nozzle

enou processi ng system these sensors can be used to
due tongravi r and correct any errors in real tinme to produce

a Iﬂﬁﬂg)ﬁlﬁ%éy@e?ﬁ'tlt ApRYiBleto ldesiBn thstSH injdRB6A PRdsSin® pRbSKles for

known erefore, the needle-free injector device
different| s@muwr Thetpressureopreliles aawl%teqi»tql@pp@a npnlpree@tf%wsthe force

prov@&#fjb |8 &%E(?"mnhthg c ne(%ty g%lt(gf;%@ he7883801d tht ¥urrént running

|agran1o Vi ce can be seen in
through (e motor Thid. The @cetssmred:ed iferee are rgdinest dusitopgcend erdepgffects, such

s 588 SO 19058 DGR 000yl e prsmrs
transdiweerhend).r EBlowdivay thhafurcﬁemd qodicuirreat aresd1g:¢tlfy ipeepartiamal im pne another.

OfThus, pressure profiles are created by modifying the input waveform file, a simple task
with the Injector Control software. Primarily, the pressure profiles produced consist ofa 2 to
3 ms “follow through” of 10 to 20 MPa. By changing the voltages in the waveform, profiles
can be created to damp out resonances. Over time, a library of waveforms are created, each
corresponding to a different set of desired parameters.

In summary, the waveforms are created to drive the Lorentz-force coil in order to

create the desired injection parameters. The desired parameters include a variety of peak

injection powers and a variety of follow through injection powers. Through the software
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energy delivered over a very short period of tinme. It
is inportant that the pressure in the injection
woybisndes7oqui ckly rise to pressures capabl e of PCT/US2007/019247

breaching tissue, or nuch of the drug will be | ost

before it can penetrate. Therefore, the source driving

the notor shoul d be capabl e of produci ng nuch hi gher

vol tages than are needed to produce peak force, so

that pressure rise tines can be mnimzed. The

Lorentz-force notor 242 is-gdgiven by a 4kW (peak, into

4 W commercial linear audio power anplifier 1060, an

AE Techron nodel LVC5050. The anplifier 1060 is driven
controlMéftthe Bofsatz-fured jet injectoneattsoflIAGR-djcction presaurg profiles can be saved

acqui_sitjon device.1070, Wi I A BleS @n

and theamegql[?géjgy U RIS e\?'é‘wéjs‘g‘h%a%a%%. t orfgiet' he
I WheChR etk Hbseibsd senaesdie-free injedtogwithtan achimterabatiis optimized to
sensor 260 and the re,senso ke '

provids High mgaaaneASpHE 200 5 e BoREL B it Sl fiale ol

stroke 0P ut 26 0@k, THR seORE leHpkh &dh Nawdvet be varigdat the desined rhount. The
software 1080, generates the firin

: wayef ar s, .and
actuat@rdprelatively HEXpenssYo ggmﬁ@cts%lémepgﬁﬁea\q%mlg% ftio serve as the force .
fi 8L us b1 hdndBAAINIFIL SySteft! T @utager ixf capable of
genera?ﬁqcl?’\g% taﬂ’@/i’ %ggﬁb Studio . NET_2003. The %n' ector o0 me!. Th
accele@tingriguiddhginquantiEs ApdadsP e 0 SePee OtH‘PQ%‘,ha“ ms . 1he
ut. d Ith€ efeBBor [V HREELaW 1 RLIBNGther érfiBodifngnts,
repeat%ﬂtlgju(?aas% @gglgiedﬁ{lgﬁ%gg%%{hy injection gn a laptop, In
actuatéddird capable af avcaloratiog subsianges in gnansities pf befveen 1A glgand 40
.k e pistaon i r -ef PPFioLiOn- It also provides a
Inﬂhhﬁ?%F%ﬁ“§?%8?pg&ﬁ??%?qﬁééghre gggigned to prevent ,
DITHE ascdlé-Gep injhetor tidce ag descbed is anotptineal tplatfprm for jet mechanics
. hori.zontal ly, and,a pressure.tajl - [ t of
studicgio 85 PSP PRI RCoE LB Bl il BK oo  great amount o
flexibiifi@ irf 8ddtiol Of preasuas peofileamibemidtivdoadiog snd diring adlewstrapid,

nozzle. ' The injector is.fired wwth o -
repeagblgiaprimana P dnRDE b 1o LT %&%ﬁdﬁ%ﬁ#&%m
presetted h&@fShaviebeks 8fpdriradnthind \aplatphssinctinyland Bl presented parameters

waveformis checked forvalidity, and then output via
and congitionscate gossihlect or devi ce. The needl e-i nj ector device

MRDith USkrtRHcAROSE What it RiIB6IBle WiNd e Ioresmeforc attimtargn these

the 1 njection.” The injector autoloads under fu

| .
injectowsait-is believed drdaviceceanthegised pHasH Yehe oy PHH“B%&“%SW%% The

needl.é—sfregiir\éi%&gr de ?é ERPb LR 4@ SlBFor fdrghertigehaater, cbfifercially
I's opened, allow ng pressurized drug froma dru d real-ti
viable dsdce/incorpoBAinga ustarh veire-qoikadd fg) iBtegratehBOYVE] %@P}yow real-hme

feedb%éll(g: {%??\ngog é)? Iﬁ% %n};igﬁ Peg%:%%&?kﬁ%%ge%?%g&%gyifxﬁﬂgﬁ ggﬁ?&g;;ected that such
a dev®@0will be an excellent tool for fast, mass immunizations.

While this invention has been particularly shown and described with references to
preferred embodiments thereof, it will be understood by those skilled in the art that various
changes in form and details may be made therein without departing from the scope of the

invention encompassed by the appended claims.
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as a reference. The processor 1050 nonitors novenent
and nodul ates the drive power accordingly, as the

woOnistinmT bet ween the injection cylinder 980 ardTiiseo07/019247

pi ston i s nonuni formover the travel of the piston.
When the piston 900 has fully retracted, both the
aut ol oader pressure and coil drive of the
Lorentz-force notor 242 are shut off. The autol oadi ng
capability allows for repeatability and accuracy of
aut ol oadi ng the desired ansust- of drug to an accuracy
of 1 nL. The position assist function is a separate
thread that runs a real-tine feedback control |oop on
pi ston position via the position sensor and nodul ates
the bias power of the coi CLAdMThi eve a steady piston
position irrespective of gravitational forces or
aGaek & Ahiniy i@f the device as it is noved. Thus, the
injector can be held vertically wi thout bleed fromthe
nozzle due to gravity. Using this system it is

PASSichl et OtraadicaalaBboR deyiee foraransfeadngia sulptaice laemss a
for different situations. The pressure profiles are

r syrfacsPf adielegisghbody fIPRIZHIS; to the force provided

by t he | hagdkr fRhBldin tHeRbshégader pi ston, and
therefore to the current runni n%throug t he not or

coi | . Pwzpleds dlwidcemmunisatien 3 the cham Far due to

second .aqrgg besBivoRCho? sto?ilﬁ% Bh@Suts@n08 816 FransTerrétPto the chamber in

conpl ai nt_Tonponents (Teflon piston tip, Orings,

pds&k@ﬂy%ﬁh%#ww@@samé transducer head). However, the

force %{lﬂm&%ﬂlﬁlg %Jggl@{ arf &iﬂélé&f&&né’gr&[i@ Befubic® MR bothfunication with
ot her. us I

one an , pressure profiles are created by
milck ¢heimteprt the actoptor ressivihg anrelecirical mpyt aasl generaiingip response a

the Injector Control s I, ' [
o1 WE TiE SOt § BrEfe S fnsi5t pERl substph b B I6E Uidinber and
t b6 euegbidlogical BodyoarRDbdvRa variyble haspgisige toheriatibnagetbeireceived input

the waveform profiles.can be created : .

- SoehaEeeonBr S e A ing e {5 3p At bl AR RrGeservoir and being
CrR&diedy ceRedlleaab hasRane sitgtdnee do thefdhanbet. set of

désired paraneters. In sunmary, the waveforns are

created to drive the Lorentz-force coil in order to

CrEai devidea fdtdin Eduithérachipisingsa presswre sourth fordagomatically

par anet.ers jnclude a.varigety of peak.inj [ -

D RISy b SO pef 1 e FP L T Er o BBl bfilp BV reservoir
Thatuab chivabsof t war econtrol of the Lorentz-force jet

i njector, each of these injection pressure profiles

can be saved and then recalled for use by opgninq t he

s altecdevidet eitpdaimal,eflurrainfthe ectuyontompysdsaamoviagcoilmsgpmbly and a
[ .needlg;%&ee injector with an actuator that is

ot iAPAE g

The device of claim 1, wherein the actuator comprises a moving magnet assembly and

stationary coil assembly.

The device of claim 3, wherein the force generated within the coil assembly is

dynamically variable according to variations in the received electrical input.

The device of claim 1, wherein variations in the received electrical input correspond to

feedback.
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10.

11.

12.

13.

14.

15.

16.

provi de high instantaneous force (>200 N) and power (4
kKW while still allowng a total stroke of about 25

womosines7st r oke | ength can however be varied t®ecTs2007/019247

desired anount. The actuator is relatively

i nexpensi ve, conpact, and |lightweight, allowing it to
serve as the force generator in a portable, reusable,
handhel d NFI system The actuator is capable of
accelerating liquid drug in quantities of up to 250 nL
to a speed of nore than 200208 1 . The repeatability

of a 50 nL volune ejection is better than 1 nL. In

ot her enbodi nents, actuators are capabl e of o
aal®icdt o daisubswisreiaghé porradlable ¢leetrarhagnetigeetyatp ispi-
and 40 mlliliters to.a eed of t ok
Wrsstena. eenprpsisen i O el (e e lical infltind o
depafitdasicé Fespindns fodecphditlbarical mpuj.et mechani cs
studies. It is conpletely nodular, nearly conpletely
automatic, and offers a great anmount of flexibility in
CDY ddlicodf daias $ pwherpinathe elestromaguetit dctudtonidirerg thygnbstance

R o 215 T B R bt

PeibBgRtLbodpr esent ed herei n have been experinental and
variations in any and all presented paraneters and
conditions are possible. Wth the know edge of what is.
aThé deibe of dsimg, furthet oorapitising arechazgaabla RAWVETFOUEsUsed in
injectors, it ks, believed the device can be used
e?’%oggﬁl%ﬁ/{hgﬁll ﬁrrl'ﬁ&'ilkén é‘ﬁ'd ani mal s. The needl e-free

i njector device can be used as a platformfor a

NeKE a9Q0E LALIR 2, ARHEE E&In?}iéi}i i 50 $alAe¥LiGRen the pressure source
i ncorporating a ¢tustomvolce-Coil and an integrated
pandthesdrpplrgsemmd.r eal -ti me f eedback control of the

entire device to increase repeatability further. It is
expected that such a device will be an_excellent too

f Ghe davice ofalaém|19nwhetein theilrst ¥Hye i & plencidyalNei on has

been particularly shown and described with references

to preferred enbodi ments thereof, it wll be .
uide dsviss @1 slpimpe Sethek cPmpEsing atﬂ’@c’é'rv%\qvﬂpﬁw §a%y thg Jgug reservoir
chaigRsScHamtepr m and details nay be nade therein

W t hout departing fromthe scope of the invention
enconpassed by the appended cl ai ns. CLAIMS What i s

C e R Videof claimA , f@titir e ofnipeisingrapreskari ersdnsor fomspusing the pressure
device for transferring a substance across a surface
ofinsidgths| HgmPET- body conpri si ng:

. The device of claim 1, further comprising a piston for pushing the substance out of the

nozzle for delivery.

The device of claim 14, further comprising a position sensor for monitoring the

position of the piston within the needle-free injector.

The device of claim 1, further comprising a processor, that automatically tailors the

position of the actuator according to feedback from the position sensor.
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17.

18.

19.

20.

21.

22.

23.

a chanber for hol ding the substance; a nozzle in fluid
communi cation with the chanber; a drug reservoir for

webkwsings7d he substance to be transferred to thecThanien19247

in the needle-free injector; and a controll abl e magnet
and coil electromagnetic actuator in comrunication

Wi th the chanber, the actuator receiving an el ectrical
i nput and generating in response a force, the force
causing a needl e-free transfer of the substance from
t he chanber and to the biol-ggi-cal body and bei ng

vari abl e responsive to variations in the received

i nput .during actuation, the actuator draw ng the
suhs i@neceof ¢laimm 1 hfurtherigompdsing aiservarmdniellayingledtical| y

control|ed to. e the st.ance . .
Tranmapicaton it e ol BN BathebdRc B e setro-conrolter

Sﬁl‘d}’i'i‘(ﬁnéﬁ{e Asdtaedtihpal | y pressurizing the substance in
the drug reservoir to transfer it fromthe drug

reservoir into the chanber. 3. The device of claim 1,
wWiThe device beclairh Uatvdereimtherdesims inadapi¢chty rrovideasluiphtyof

and a stationar n 4 ' af . P : .
B A, o TR K31 8 ocssion i
as&padilty apietedimy tramsfery coi |l assenbly. 5. The device

of claim3, wherein the force generated within the

coi |l assenbly is dynamically variable according to_
v dhk devicaof chimHe furthesicomprisinganraugeimatiqatiyrcongolled,dip-cap on the

device of claim1.. L] | L1 ' 1aM6and
elngﬁq?’i tggfh ﬁ??u‘flo‘?:lg r g‘ég% 2%?\&?{ oé @%gg%gghgyhﬂ%]%%vi ce
ofopeniag Auiing Wjecstiimod the sulsstericel | abl e el ectromagnetic
actuator is bi directional, generating a positive

force responsive to a first electrical input and a
neyatdidle fite trrasdeempbiraispertidgvige Serirnsiarias @rsupgpnce across a

in .8 T.g [ {; 1, wherein the
elsg%%?eo?ﬁaag% F?%g%gggﬁ%rpg l%bg?es t he substance through
a nozzlscHantdu corigpldingebe fubstange;suf fi ci ent velocity to
pierce the surface of the biologigal .. 9. The
devi ce ao?ozt?feaﬂﬁ‘il,g CPEPHETH 8rr“f)lr%? éll%ﬁﬁg)egg%(re’c har geabl e _
power sOpiskR, forl a@dniakically driving the substance out of the nozzle for injection;
a position sensor located on the piston for automatically sensing the position of
the piston within the needle-free device; and
a controllable magnet and coil actuator in communication with the chamber,
the actuator receiving an electrical input and generating in response a force, the force
causing a needle-free transfer of the substance between the chamber and the biological
body, and the actuator further being controllable in response to data provided by the

position sensor.
The device of claim 20, further comprising a drug reservoir for storing the substance.

The device of claim 21, further comprising a pressure source for automatically
pressurizing the substance in the drug reservoir to transfer it from the drug reservoir

into the chamber.

The device of claim 20, wherein the actuator comprises a moving coil assembly and a

stationary magnet.



10

15

20

25

24.

25.

26.

27.

28.

29.

30.

31.

32,

production of the electrical input. 10. The device of
claim2, further conprising a first val ve between the

wonresgargsource and the drug reservoir. 11. TheTas0c019247

of claim 10, wherein the first valve is a solenoid

val ve. 12. The device of claim11, further conprising a
check-val ve between the drug reservoir and the
chanber. 13. The device of claim1, further conprising
a pressure sensor for sensing the pressure inside the
chanber. 14. The device of cdmim 1, further conprising
a piston for pushing the substance out of the nozzle
for delivery. 15. The device of claim 14, further

C TAp AeGagf cajiw 2D} whereireths actuatm comprises & mpvigmagnet assembly
position of t eg%i Lon within the needle-free injector
1804 SHRRORRLY, Fi @ “’gti)é'i m 1, further conprising a

processor, that automatically tailors the position of

t ct.uat or r dh.ng.: f | i b :
AR B EL PR 33, ShBR e BREMAEAIOTIARANE BEH bsalhinly i

s dynamicalty vartidtde accordingdo vadationsantheieceived alegirical input.
control | abl e el ectronmagneti c actuator, the
servo-controller providing the electrical input. 18.
THbedevice of ofair 24, mhereintheral¢qironpagngiy petuatos forgeyibe gubstance

o RLAY h 46z Ae ghﬂ{u%id e? j e?fxa\.biﬂg SRERASR VeRERHkEplcf&8he surface of the
e ranster occ

transters, éa rring 1n rapid succession
wibidlogieslpmdly. t 0 a preceding transfer. 19. The device
of claim1, further conprising an automatically
controlled flip-cap on the nozzle_, the flip

, : cap
c Tasideyicd Of ichgmI 23a Aty cREPERISTHTShI $1ie PRVESHhg BRFEgure source
aggg%ggﬁhggegy&ﬁgg i njection of the substance. 20. A
-Tr

needl e e transdermal transport device for
transferring a substance across a surface of a

big]eqthiRlorReEN HI0FRitheti BhpriRinzhadHeek-viable Bedlvekithe ldhgg reservoir
substance; a nozzle in fluid communication with the

r esdrthoehamberpi st on for automatically driving the

subst ance out of the nozzle for injection;

The device of claim 20, further comprising a pressure sensor for sensing the pressure

inside the chamber.

The device of claim 20, further comprising a piston for pushing the substance out of

the nozzle for delivery.

The device of claim 20, wherein the device is adapted to provide a plurality of
independent needle-free transfers, each transfer occurring in rapid succession with

respect to a preceding transfer.

A needle-free transdermal transport device for transferring a substance across a
surface of a biological body comprising:

a chamber for holding the substance;

a nozzle in fluid communication with the chamber;

a drug reservoir for storing the substance to be transferred to the chamber in
the needle-free injector, the substance being pressured from the drug reservoir into the

chamber by a pressure source; and
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33.

34.

35.

36.

37.

a position sensor |ocated on the piston for
automatically sensing the position of the piston

woiodsin7t7he needl e-free devi ce; and a control | aoTAIS2007/019247

magnet and coil actuator in comunication with the

chanber, the actuator receiving an electrical input

and generating in response a force, the force causing

a needl e-free transfer of the substance between the

chanber and the biol ogi cal body, and the actuator

further being controllable.bg.response to data

provi ded by the position sensor. 21. The device of

claim?20, further conprising a drug reservoir for

st or i NPcdiRlapRThANRE and 20il Eleetromugneticafctuatari imc@inmunication with
further conprising a pressure source for,automatica

| |
phe chiamber e 2EHBISS FBR KiRE anicleoPHEa! Ry PABEREME ffesponse o

te anshereobde LGk bR elcUBed @SR hd filbstahbefrohasib@hamber and
f%ggTﬂgigg%ice g% clginwzo. wher ei n, t he actuat or

ctorthe bivdagical bady ﬁgd being vgggg\?ﬂpﬁpogme 1o ygrigtions 1n §}1e received input
t . The device of claim 20, wherein the

2@?& ag}?u%}:lgﬁbri ses a novi ng magnet assenbly and

stationary coil assenbly. 25. The device of claim 23,

WR§H&EHHA EtardnSfrEnd 8 BEBsUIRE dstdsbiauifaee ¢t bodyseengrliymg the steps

is dynamcally variable according to variations in the

reftei ved el ectrical input. 26. The device of claim 20,

wher ei 48 HeBGbERRBORBH £dRGiuairosir thaeatrblieble magnet and coil
subst ance t%

hrough a nozzle producing a jer hayjn
selettremegnetip apeeiarythe @rﬁwwd?lqweslg?%%aﬁﬁe‘{ fggfove the
bl AlpGLE @ o PRINberofa nEegled®¥d ffectr; Cl ai m 22, further
conprising a first valve between t he pressure source
and t hepplying anedegtrigalrinpgigo thectddiolice of claim 2 1,
further c | 9 3 1O YR E RBotrBHomiE to the electrical
reser vé’f?&gﬁ{g ?ﬁ@%ﬁ?ﬁﬁ?&a g%FHT 1%ﬁdevi cg o% cl izii@m 20,
f ipulzeamdconpri sing a pressure sensor for sensing the
pressure jnside the ch : ' f ofd 8ikdn le,
D0, "t e R S s Ee Ry AR o e pLMATHLEEAR ofé 8id% a nozzle

s gisiadieaicalfored piddecimgzepressuos within the chamber, the force causing a

needle-free transfer of the substance from the chamber to the biological body and the

force being variable responsive to variations in the received input during actuation.

The method of claim 33, further comprising a pressure source for automatically

pressurizing the substance in the drug reservoir to transfer it from the drug reservoir

into the chamber.

The method of claim 33, wherein the actuator comprises a moving coil assembly and a

stationary magnet.

The method of claim 33, wherein the actuator comprises a moving magnet assembly

and stationary coil assembly.

The method of claim 35, wherein the force generated within the coil assembly is

dynamically variable according to variations in the received electrical input.



10

15

20

38.

39.

40.

41.

42.

43.

44,

45.

46.

47. .

31. The device of claim 20, wherein the device is
adapted to provide a plurality of independent

waeemle7¥wee transfers, each transfer occurri ngCTAS2007/019247

rapi d succession with respect to a preceding transfer.

32. A needle-free transdermal transport device for
transferring a substance across a surface of a

bi ol ogi cal body conprising: a chanber for holding the
substance; a nozzle in fluid communication with the

chanber; a drug reservoir fa4storing the substance to

be transferred to the chanber in the needle-free

i njector, the substance being pressured fromthe drug

r he nwohad ofdlaint B wivasiparariayions jorthe sepeived slgogiical amuy correspond
c&p%;ﬁ%%ﬁ?le magnet and coil el ectromagnetic actuator

[ 5 cation with the chanber, the actuator

receiving an electrical input and generating in

r t r i . -

¢ PR fod ! QR 33 Ifer B 6F o KON nASn i RO fOFRR the bstance
btlobugh & abzile dyodanihglraiehbaving sefificient welpoity fo/piercs the surface of the
v%{iaﬁi sdin the received input during actuation. 33.
ACIRIOHSH B8 transferring a substance across a surface

of a body conprising the steps of: drawi ng the

S YRS A6 bf Qin? 38 RGhELSHNYMPdihg Wikt AR Belvb@PIhg pressure source
magnet and coll el’‘ectromagneti c actuator, the draw ng

bend thepdrogiressiyoicont rol | ed to nove the substance to a
chanber of a needle-free injector; applying an

el ectrical input to the actuator; producing with the
adibgaeshodofelaima AP cwherpisy the tghrvabesys daplrgorbvalie

el ectrical input; and applying the mechanical force to

t he chapber coupled. at one end to ozzl e, the .
B gRag of ke 350 ket HRBIRE S ShFk-YalLR PRERE the drug reservoir
chagaes chatderf or ce causi ng a needl e-free transfer of

the substance fromthe chanber to the biological body

and the force being variable responsive to variations

I Theheethed of vlain BAPfiirthdticdmprisiag dairésstre sddsor FThesemBinigate pressure
of, ¢l aim further conprising a pressure source for

adtPiGmthe igi’nyer-

The method of claim 33, further comprising a piston for pushing the substance out of

the nozzle for delivery.

The method of claim 44, further comprising a position sensor for monitoring the

position of the piston within the needle-free injector.

The method of claim 45, further comprising a processor, that automatically tailors the

position of the actuator according to feedback from the position sensor.

The method of claim 33, wherein the device is adapted to provide a plurality of
independent needle-free transfers, each transfer occurring in rapid succession with

respect to a preceding transfer.
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48.

49.

50.

51.

52.

53.

54.

pressurizing the substance in the drug reservoir to
transfer it fromthe drug reservoir into the chanber

w8300shes7aet hod of claim 33, wherein the act uaPor/Uus2007/019247

conprises a noving coil assenbly and a stationary

magnet. 36. The nethod of claim 33, wherein the

actuator conprises a noving nagnet assenbly and

stationary coil assenbly. 37. The nethod of claim 35,
wherein the force generated within the coil assenbly

is dynam cally vari able accesding to variations in the
recei ved electrical input.38. The nethod of claim 33,
wherein variations in the received electrical input

CDii¢ mshodctctaifeds] father cdfhprifing anedutoiatéallyl coniroded flip-cap on

erein the gl ectromagnet. c,actuaror .f .
B S aAectE (B Gk 2 RE Ao RE APGHE IR phaRHEF Nith e gibstance and
Séifenisfy @ng/Rfdtiohof ik swbetagee.t he surface of the
bi ol ogi cal body. 40. The nethod of claim 34, further
conprising a first val ve between the pressure source
and t ha siethgdrfeseanséering4kubsihecenatrossch offact af abady comprising
wherein the first valve is a solenoid valve. 42. The

S5PSSE ¢l aim 33, further conprising a check-val ve
bet wee Beﬁshﬁ% fhe Y@ sitivaTugistoandthine coladdb ef a né8dle-Free injector;
nmet hod of cl aim 33, further congr'angna g{gﬁgunﬁ tr. netic
sensor 2PRYIngAslRgricpldnptde & fontrpiiably nge; Gjlglcctromag
A4etudide method of claim 33, further conprising a
pi ston for pushing the substance oyt. of the nozzle for .
del i ve mdw&g with %i*ﬁe%qﬁ%oro? H{?Fwaj forcg &PFﬁ%RDnﬁmg to the clectrical
cggR&QQBng a position sensor for nonitoring the
position of the piston within the needle-free
i nj ect @pplyiee thetreeqhenisaliforde te|aghampsr coypled,atone end to a nozzle, the

¢ %@{nﬁrﬁbﬁ%}pﬂieﬁ%Qg\gcﬁrﬁg% grésg\ﬁ% vAHER MR LiegddeY, thaFdE Salsh a needle-

position o r according to fe_ed’back from )
t e possfer ofitheenbsancesfom The clrsnbrydo die kiplkigisabBody, the force being

wher.ei.n the device is. ' It
ofettepeaane” e gardioft B E teccty & UL G leicon; dnd he
OG6thator bginigfurthpr chrretiablesiccordinigitio data provided by the position sensor.

The method of claim 49, further comprising a drug reservoir for storing the substance.

The method of claim 50, further comprising a pressure source for automatically
pressurizing the substance in the drug reservoir to transfer it from the drug reservoir

into the chamber.

The method of claim 49, wherein the actuator comprises a moving coil assembly and a

stationary magnet.

The method of claim 49, wherein the actuator comprises a moving magnet assembly

and stationary coil assembly.

The method of claim 52, wherein the force generated within the poil assembly is

dynamically variable according to variations in the received electrical input.
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55.

56.

57.

38.

59.

60.

61.

62.

respect to a preceding transfer.48. The net hod of
claim 33, further conprising an automatically

woaoisroatd7ed fli p-cap on the nozzle, the flip capT/US2007/019247

cl osing during | oading the chanber with the substance

and opening during injection of the substance. 49. A

met hod for transferring a substance across a surface

of a body conprising the steps of: sensing the

position of a piston within a cylinder of a

needl e-free injector; applyi2zfg-an electrical input to

a controllable magnet and coil el ectromagnetic

actuator; producing with the actuator a nechanica

f The enetlord efSglaimd #Hgwhereinitbe elecromagngtic astuator fomees the substance

applyi.ng th ani cal .ce r.c

oRBodsrt ey RESHREE iee bV aliReRne PABRE) 1 BBt Blrtuce of he

pbidegical Bodyhi n t he chanber, the force causing a

needl efree transfer of the substance fromthe chanber

to the biological body, the force being variable

r @hp orethadof caina 2R fovthersomprising a fxstvalad betwren thie presgpre source

aCt%ﬁEu9ngr%%d the actuator being further controllable

oAty provided by the position sensor. 50.

The nethod of claim49, further conprising a drug

" §§& rn)(%éd ;)f)éla ap)! ﬁﬂtﬂep@orﬁﬂlk?sﬁﬁ ReRecikValvd B@tv&@ach I?ﬁéjdl%fg reservoir

cllarm b0, fturther conpr|3|ng a pressure source

aand thet ¢haaritley. pressuri zi ng the substance in the drug

reservoir to transfer it fromthe drug reservoir into

the chanber. 52. The nethod of claim49, wherein the

adihgareshod ehplein 49, firthsy POTEPHBRE 2 AEeSS S spnsgifoRsensing the pressure

st AL aPRR haftBepet . 53. The nethod of claim49, wherein

t he actuator conprises a noving nmagnet assenbly and

stationary coil assenbly. 54. The nethod of claimb52,
g%&h&ﬁ] of EﬁftﬁQ@g ﬁﬂﬁk@&@rﬁpﬁhﬁ@ i dtbe rEPushBeIREBhBStance out of
ynam cal 'y variable according to variations in the

r éhﬁenwdie @irgleliveryal i nput.55. The met hod of cl ai m 49,

wherein the el ectromagneti c actuator forces the

substance t hrough a nozzle produ0|Q%f§giet ha¥%ng .
s itreireethad of elawmi40y wherey tredeviands adantek o RiPVidge plurality of
bi;0403h&&1t fReGIE-free transfers, each transfer occurring in rapid succession with

respect to a preceding transfer.

The method of claim 49, further comprising an automatically controlled flip-cap on
the nozzle, the flip cap closing during loading the chamber with the substance and

opening during injection of the substance.

A method for transferring a substance across a surface of a body comprising the steps
of:

pressurizing the substance from a drug reservoir with a pressure source into a
chamber of a needle-free injector.

applying an electrical input to a controllable coil and magnet electromagnetic
actuator;

producing with the actuator a mechanical force corresponding to the electrical

input; and



56. The nmethod of claim22,further conprising a first

val ve between the pressure source and the drug
woeemroerd7p. 57. The net hod of clai m50, furthePCT/US2007/019247

conprising a check-val ve between the drug reservoir

and the chanber. 58. The nethod of claim49, further

conprising a pressure sensor for sensing the pressure

i nsi de the chanber. 59. The nethod of claim 49,

further conprising a piston for pushing the substance

out of the nozzle for delivepy. 60. The net hod of

claim49, wherein the device is adapted to provide a

plurality of independent needle-free transfers, each

t r ansf eappkydnglmeimg:}ianicahfmb toUbe elsanlmr coipledrag speend toaoa nozzle,

r ecec rans he net.hod,of , cl ai m.49 .
3 s FEP Rt RRaRrE S P 8 SpFpBpge force causing a

f hegdle-deearantfee of dzzdubstah&efrbini the Cldmbdras ithgbidludityd body and the

adi n g t he cpgnber wjth the substance and,o xﬁ?nh a
d PHCR GEIng ¥ iFetRonSHE tQ YRERtipRsdn e recalvad {ripyy dpipe actuation.
transferring a substance across a surface of a body
conprising the steps of: pressurizing the substance
froma drug reservoir with a pressure source into a
chanber of a needle-free injector. applying an
el ectrical input to a controllable coil and magnet
el ectromagneti ¢ actuator; producing with the actuator
a mechanical force corresponding to the electrica
I nput; andapplying the nechanical force to the chanber
coupled at one end to a nozzle, the nmechanical force
produci ng a pressure within the chanber, the force
causing a needl e-free transfer of the substance from
the chanber to the biological body and the force being
vari abl e responsive to variations in the received
i nput during actuation.



