WD 2006/ 086774 PCTI US2006/ 005043 CONTROLLED NEEDLE- FREE TRANSPORT RELATED
APPLI CATI ON This application is-a Continuation of Attorney Docket No.

0050. 2079v00Q06/086it7¢#t | ed " Control | ed Needl e- Free Transpo®PCT/G920@8M080A3 Febr uary
10, 2006, which 5 clainms the benefit of U'S. Provisional Application No.

60/ 652,483, filed on February 11, 2005. The entire teachings of the above
application are incorporated herein by reference. BACKGROUND OF THE

| NVENTI ON I njection of a liquid such as a drug into a human patient or an
agriculture 10 animal is perforned in a nunber of ways. One of the easiest
met hods for drug delivery is through the skin, which is the outernost
protective |layer of the body. It is conposed of the epiderms, including

the stratum corneum theCSOINTROIDED NSED]FSEREE TRANSPORIIUM spi hosum and t he
stratum basal e, and the dermis, containing, anong other things, the

capillary layer. The stratumcorneumis a tough, 15 scaly |ayer nmade of dead
cell tissue. RELARERAPPLECATMN 10-20 mcrons fromthe skin surface and has

no bl ood supply. cause of the density aof this_|aye 'O{BQF I novi ng
compounds across t1 PRIGRHHIOR s “tﬁnﬂ?t@“&?%‘ineﬁpo%&ﬁo %ez&!;ib%]e very
difficult. Thartiged *@ﬁﬁroﬁ&pmaieome fr%s;;w h”veardnm@bﬁu%aﬂo DO, waegut i cal s
through the skin 20 includes methods that use needles or ot her skin

pi ercing devidams therheagfitvé U.proedtenabappiicgtion Me. QES2483 fdedipreBebiary ances,
effectively Oyleﬁﬁﬁé"?fh%@ﬁnr@%achﬁfr offtHQEﬁo'vé’%Jp(ﬁfca {14 esﬁl&% Ce):ﬁ‘?x%r@ﬁ However,

t hese net hods su Fom several rmaj or vant ages: krn damage,
bl eedi ng, andrefarske.of infection at the injection site, and creation of
cont am nat ed needl es or |ances that nust be disposed of. 25 Further, when

t hese devi ces et in agriculture aninals, the needles
BACR AIRAIND OF P Gy ERHIEN _

break off fro imeand remai n enbedded in the animal. Thus, it
woul d be advant agdajsstidnfladiqail sach 4 d dijiginto £hmhdn, papiee ot agagtizlgires of

D eaki ng. [bf TeREHBS PR LS T EO06Y D56 PHa OP ST FARIRROGTeRGIE 2 |
delivery is through the skin, which is the outermost protective layer of the body. It
is composed of the epidermis, including the stratum corneum, the stratum
granulosum, the stratum spinosum, and the stratum basale, and the dermis,
containing, among other things, the capillary layer. The stratum corneum is a tough,

15  scaly layer made of dead cell tissue. It extends around 10-20 microns from the skin
surface and has no blood supply. Because of the density of this layer of cells,
moving compounds across the skin, either into or out of the body, can be very
difficuit.

The current technology for delivering local pharmaceuticals through the skin

20  includes methods that use needles or other skin piercing devices. Invasive
procedures, such as use of needles or lances, effectively overcome the barrier
function of the stratum corneum. However, these methods suffer from several major
disadvantages: local skin damage, bleeding, and risk of infection at the injection
site, and creation of contaminated needles or lances that must be disposed of.

25  Further, when these devices are used to inject drugs in agriculture animals, the
needles break off from time to time and remain embedded in the animal. Thus, it
would be advantageous to be able to inject small, precise volumes of
pharmaceuticals quickly through the skin without the potential of a needle breaking

off in the animal.



SUMVARY OF THE | NVENTI ON Sone have proposed using needle-free devices to
effectively deliver drugs to a biological body. For exanple, in sone of

t hese proprpsREloskeyd ces, pressurized gas is used to exppCTasgiosgoshsom a
chanber into the body. In another device, a cocked 5 spring is rel eased
which then inparts a force on a chanber2to expel the drug. In these types
of devices, however, the pressure applied to the drug decreases as the gas

expands or the spring extends. It is desirable, however, for the injection
pressure to SBMMARSQFSTHENINVENYIOQMe sane or even increase during the

i njection period. f I LaLectio i . cribed in
U batent No. s S8 MRl oste SoH Bp@E fey AL AR OOIRUIE Bk B eRCT
Appl i cation Seyiolagicibodyl (Wb 5iandd in Eérheaf thaze poppiednibeiced pre@fidedgrd enti tl ed

"Needl el ess Drug.lnjection Device" both incorporated herein by reference in
Chel 1 ent i eth B PREr B P 4 FEmOR B GH oUvAroder Sracer e o o
control I al e spﬂn%ais\fﬁéeméd WhicB then $8PSE a(fBrcd on 2 GRENH: SCEPELDBe ARlgUR Or S OF
spring actuators) or are controllable in a feed- 15 forward sense (e.g.,

shaped menor ythesatwes of devicesy bpweler, shapreseute 2ppliedrip the dang dspreancsved thegani t i nol ) -
an injection ' ' _ ] : riQri ed. f a
pressure act uez%%%{dk Bﬁhgr%r?% Q%%E’lg{:[fl& {(%(r%]i.gsxﬁhﬁaféo%éygg%éﬁ%ﬂ{eﬁaés g%'y}squf t he

i nvention, a rsmewculcstantialgl the chume@diver nreease durimpth éxjectonipedod.r ansfers a

subst ance acrgss sur f of . a.bi ol ogi cal, bady.. [ | el udes an
act uat or capa@?a@p%f Og%??g(%gﬁ lﬂbecgo‘h‘?ed g%ﬂﬁgaﬁmﬂ%&gﬂ:{g?g@&#g%pé;?%de&%t hat is
bot h contrpl | abtiel ‘anddblegihjtcRrefiddl.sbdmlicdita SEeNlite 10837/784,qedémed with a
servo-control | er receiving Inputs fromone or nore sensors. Beneficially,
the transferSegimbees. 2408 %Rﬂijf‘tﬁgflecbqueé}ieleé?DﬁuﬁéﬂJE?@QﬁVé’epbeﬁli le of a transfer
in real-tine.; co}?ﬁ%’re{i Eereﬁzlgb? LERRSS g hnslaviikgecan adjust a pressure profile of

the transfer du e course of the transfer responsive to a physical
property al so seng¥beraeedinfiet ingectionudeyices e eithee comtenlleblerin a Very-limited

servo-control | ed needl ezfree injectaor provides for the.iniectio f a
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Ireal l-ti Mels aceewdd F@;% (&.gﬁ,&ﬁ&ﬁeﬂ@:{mﬂﬁ'ﬁs hm@feriﬁls,rkladiﬁ Tsfuma{e%-&t&nm _alaﬁld/ or ot her
OCa envi ronnent a actars. . Suc contr al,| OWs or - S e 1nj ecti on

device to delfog¥p awmqobn a@dnJeFffﬂnas?ﬁleﬁe% deterprined thrw%rfsiﬁgwgrﬁ% to ot her

condi tions angd,bQfiabRERPhiPorRY inf¥etig# 06/ 086774 PCT/ 1JS2006/ 005043

In accordance with aspects of the invention, a servo-controlled needle-free

transfer device transfers a substance across a surface of a biological body. The

20  device includes an actua;cor capable of generating a high-speed, high-pressure pulse
that is both controllable and highly predictable. The device can be combined with a
servo-controller receiving inputs from one or more sensors. Beneficially, the
transfer device can adjust or tailor the pressure profile of a transfer in real-time.
That is, the transfer device can adjust a pressure profile of the transfer during the

25  course of the transfer responsive to a physical property also sensed during the course
of the transfer.

The servo-controlled needle-free injector provides for the injection of a
formulation into an animal that is dynamically controlled, or tailored-in real-time
according to requirements of a particular animal and/or other local environmental

30  factors. Such control allows for a single injection device to deliver controlled

injection of a formulation responsive to other conditions and requirements by



-3 adjusting injection pressure responsive to |local thickness of the skin
and/ or other environnental factors, such as tenperature. In one aspect of

t he i nveYY0 aes/0867ieedl e-free, transdermal transfer devi ®ET/UNI0M6(908H3 a
reservoir for storing the substance; a nozzle in fluid communication with 5
the reservoir; and a controllable el ectomagnetic actuator in conmunication
with the reservoir. The el ectromagnetic actuator includes a stationary

magnet assenblc%/ providing a magnetic field and a coil ,asse% sl i dably
di sposed wi t PPYWERS BYCcHoN PRESUE OBV R detapbicknass of theiskingad/a recei ves an

el ectrical i ngitromhchtfl eReIralsesh dstempaRnse a force proportional to the
received input. The force results from 10 interaction of an el ectrical

current, induced ilnonhespedsiof thadrventiony apgeditrfes ransdeimed iransfergigvice and t he
magnetic field., The force . e-f t he
subst ance bet%lél;rll-cstaﬁgsepégrefg@%? r tﬁ%%’%g%ﬁ’ ggg%}eclﬁlﬂug%é?%ﬁ? Fﬁ‘%@?’“ gvgtEor entz
force driyve the adedveir;und asohisilabeejecgtmbgretc Adtuktet,in antmasicitiva withithace of the
body. The needle-fr eeeiransfer s also variable, responsive to variations

in the recei VEFTqiputhe elestromipenstc pefuaterncludes grstatipnary magnst gssemRi¥ed| e- f r ee

drug injecti ofoRBRR3hdsBetR BEIIBADOSS A8 SRELHABbRd W8 rBspect to the
speci al l y-configured el ectromagneti c actuator in conbination with one or

nore nozzl esmegneptssenebly v Ehgoqilgsesmblyregeiyes antelastitshl inputand generatesskin to a

sel ect ed dept i i rst pienel . i } or needle. The
sane device C%FPO\QIF%%%E% pfr%%oél g%j{%tt%é I[c%g?f"%g{l&g g%é,rr\%#% r?srdg?hﬁ‘t% e aninmal. The
control | abl e mteeation nbagineddciricabatrreat, irducal ihithethoil @sdembhaly, thb electegjcatapabl e of
generating a positive force respansive to.a first electrical_input and a
negative for C‘E‘putr%@g} %@F%%P g‘e@' g{g‘&‘;‘?f&e %?Iné’étuﬁ?dlr;@ nqeﬂgtﬁ? “Fﬁ%fer_e‘f romagnetic
actuat or for capsthit® befbes HRIER oM A WE Wolbgied bBdy. PTiREUCL stentd fared  havi ng
sufficient velocity to pierce the 25 surface of the biol ogical body. For

exanpl e, in séine tenploiambitance.sheh 2 fbud. aawes the surkepef thedodhrBegh the nozzle
with an injecp eﬁﬂ-ﬂ%%ltﬂﬁéfgyiggfso %rizlb%?fésa@t?%tto Jaggti%tiﬁ%.rc&%ad pnd. The
al'so e 0

force and nozzle can e contro 0 produce an I1njection to a
desired dépt hdurifigehedomcseof embctiationt si gnal can be provided by a rechargeabl e

PO otV TR SR TR ot LA IR LS, e e
devi ce al so i gebidiesordighatelcotrbBigretic 8dtRféTih Eathbif@ioMWitiCadel @ovd t h t he
nozzles to effectively injéct a drug through an animal’s skin to a selected depth
without first piercing the skin with a lance or needle. The same device can also be
20  used to collect a sample from the animal.

The controllable electromagnetic actuator is bi-directional, being capable of
generating a positive force responsive to a first electrical input and a negative force
responsive to a second electrical input. The electromagnetic actuator forces the
substance through a nozzle, producing a jet having sufficient velocity to pierce the

25  surface of the biological body. For example, in some embodiments, the substance is
expelled through the nozzle with an injection velocity of at least about 100 meters
per second. The force and nozzle can also be controlled to produce an injection to a
desired depth. The electrical input signal can be provided by a rechargeable power
source. In some embodﬁnents, the controliable electromagnetic actuator itself is
30  adapted to recharge the rechargeable power source.
The device also includes a controller in electrical communication with the

controllable electromagnetic actuator. The device may further include at least one



control |l abl e el ectromagnetic actuator. The device may further include at

| east on 086774 PCTI US2006/ 005043 -4 sensor | rical

comuni cimg&?ﬁ%“the controller, the sensor sensing apgﬁé@?&@g)f)&%ﬁroperty
and the controller generating the electyical input responsive to the sensed
physi cal property. For exanple, the sensed property nmay be one or nore of
position, force, pressure, current, and voltage. The controller nmay include
a 5 processor Lol DithEsnita®oh Reh LAt ho ri i nput. The
device opti osﬁ%l{&?)}}l %iér}?ﬁt‘%%es an 1anfgl)l_yzer agaptleeg’ ?ogeggglsj%sg@eféshg%?le

col | ect ed fr qurogehnty abdthe.contfiker ganetating the electainalliapw despemsivetto thesensedle an

el ectrical input. responsiye to th analyzed sanpl.e. In sone_enbodi nents, a
renot e com‘rur#‘é(ﬂﬁlgﬁcg’e Tg?rfeg?:%plle’gth %fe%ed§3F%F% io ong & BPEOfr i cal

communi cat i orpogitibh, fofee, gresstuepdunetit, addwolthides The BbhteilieAinbp hcludeg control | er

can generate the electrical tnput responsive to a_¢comruni catjon received
through t Re Rress1o6 thabraaibussty B Senasttioneh aclegtrieal appt cBrecdekiche confi gur ed
as a nul ti-shagk; is ol i edl e-free
transfers. Bmg 1?%1;5'51? ‘9@???’5@2%2%%?@%%3@? ? ins el?éolle?%&%ggﬂgg%% “in rapid
successi on. THiesoutolicr gan be ddepted topsovidesant elestrioabinputotspangubiottnt i al surf ace
area by adm nj s@erd'r ng@ Itiple transfers that are spaced apart across the
surface. The BPEETH ﬁeti c actuator may include a nagnet assenbly

provi ding a magnéhkémé ebslimdits anaase tormsmitdops interfiea Bratdolpyovideed i n
position relative Lo the . 20 noézl e. The act Hat or _al so includes an

el ectri call y desnabeqmygurieation yal@dhagoptrglfer ofn this sopfighmation, tha centiollgh ng an

el ectrical cufpeplerdihRleRllcl S r@beifive S #borhMBkbatiohtEoehRl thro@hSRITD Y 18
slidably disposed wth respect to the nagnet assenbly. A curren pr oduced
wi thin the coemoteommbinicatipnséntadacs. with the magnetic field to produce a

force responsive t ' ti E%hd rﬁﬁm’-_ . rical current
and the 25 magnet ?Iglet‘i?glfg.&in&%e‘?g@ y, t el%r%(gglg 1?%0#?@F§%§r§%rdlan ially

di rected wi t hseversiieddpendent hsedlecfereltranstére. Baeliaially,ahest aeaie-free teampfetrsed to a
reservoir_coupled at,L one.end to a;rg_ozzl produci ngﬁ%&gre sure within the

e
reservoi ri° THEZHGH ‘E‘JEI@dS‘FCCEW?np ’§§8‘?‘f§g“fﬂé‘f"¥‘§‘§’l’oﬁé ng%flo t he mechani cal
force and caug@sadtlaffFf8E areh bpadkiRRicAAE AuRPIaSmsichat are spaced apart

across the surface.

The electromagnetic actuator may include a magnet assembly providing a

magnetic field. The magnet assembly is generally fixed in position relative to the

20  nozzle. The actuator also includes an electrically conducting coil assembly of at
least one turn carrying an electrical current related to the electrical input. The coil
assembly is slidably disposed with respect to the magnet assembly. A current
produced within the coil assembly interacts with the magnetic field to produce a
force responsive to the direction and magnitudes of the electrical current and the

25 magnetic field. Preferably, the magnetic field is radially directed with respect to the
coil.

The mechanical force is applied to a reservoir coupled at one end to a nozzle,
producing a pressure within the reservoir. The magnitude of the pressure varies
according to the mechanical force and causes transfer of a substance across the

30  surface of the biological body between the biological body and the reservoir.
Beneficially, the applied force can be bi-directional, producing with the same

actuator a positive pressure and a negative pressure or vacuum. Additionally, the



30 surface of the biological body between the biological body and the
reservoi ially, the applied force can be bi nal rodUC|ng
with the %?%%@%BQ%*ﬁaior a positive pressure and a negat%éiﬁ%(@@@%@

vacuum Additionally, the WO 2006/ 086774 _ PCT/ US2006/ 005043 -5 applled
mechani cal force can be varied during the course of an actuation cycle by
varying the electrical input. In sone enbodinents, the rise-tine associ ated
with produci ng & ss. The
resulting for ggﬁ%ﬁa&ﬁ%ﬁéﬂg&% %%LI ﬁggn‘lb Uﬁﬁgﬁ{?%g%% ég rg%%gdrﬁgégﬁf% cient in
nagnltude andvachimgathe elactticaltmmmsf er a volune of up to at Ieast about 300
mcro liters of s bstanc The cgnpac ize a renen of the
act uat or support etfoéhm%% eﬁ@?hnﬁﬁfsto"'i f‘%"ﬁﬁm& eege\%‘i feﬁ nozzl e,
power sour ce,foR8k dbb@t :ﬁ@ﬂhé’e@bﬂd@,l@i' Rs£| e kdsultial fereé witt @oke Proviibdpgthef treating
a di sease u5|n the device includes first piercing a 10 surface of a

bi ol ogi cal® bdGHalF 1§ SK wz@éaménafan@@deﬁnéﬁ%r&a@wmﬁ ha BokIme QEUR 0@t The
needl e-free deut ooul iRER] lht@l%toﬁl?osﬁﬁ&p}'[ﬁeﬁ&ﬁgak& fige B o%&ﬂh %MYS by

creatlng a vacuumwthin the reservoir to su a sa e or us fromthe
body into the::fﬂnewatatoosmppoﬁadmsta@a h@ﬂd-b@idamtmabldmgmoam@m, sozakxt det er mi ned

responsive to the  col a he n Ie free device injects the
det erm ned d&ogr&so&rc dctb%c@ g%ﬂrp%lﬁ ?he bi ol ogi cal body. For
exanpl e, a sanple Aoﬁleﬁhb@@ﬂtmaﬁxngwtse&é eﬁng ﬂheaawae poldestirst pidieinganpl e is

anal yzed to determn d sugar level. The determ ned value is then
used to cHl culuspes ofa g’b‘g gPdXW FP?F%}feoﬁ‘eettF?é‘sq%‘Pﬁléf?PSpmfngﬁog Bfye being

adm ni stered QyqieqRE 'Ei@sh&é 6 EdIRcEh 8&hFIL £ thé‘ﬁHTog{cQI Bdas bsl%yéafa?ga Col l ecting a
sanple may include injecting a first 'substance, sSuch as a saline 20

sol ution. A s vwithinttheresaudir trouelda sampler@r hohqsérsmﬂledpgﬂmgltqﬂne sane

needl e-free deyj le.re-i ces e eated

mul tiple ti meSY Ol%c‘%lﬂ);s\?%e %saﬁweai?frg"ogno# “IFhte dfe%?on? Ve Eﬂ fd fromthe
body. In anotdsiectedpaple. dlfhetd&&ﬂb-lﬁ'éedﬁvﬁd&ﬁn_]eﬁs f}bldet&fmthh@d(bsagﬂﬁfgtﬁﬂel c actuator
includes _a statlo n senb rovj din ic field and a coi
recei vi nglan S5PROP ’ﬁ‘l}'/q tgag O&Mb(’d?‘hggrcfg‘fa{“ { #?ﬁ%% %cf’éﬁﬁ‘?éﬁdw th respect
to the nmagnetf@ssgaidny. TheTJa&p%evhﬁﬁyzea meltdﬂﬁlmécheﬁo@u fearbng Tikat is slidably
engaged with at |east a portion of ~the coil. Linear novenment of the coi

responsi ve t odeiermaied dalye pethen esgd bycajoplateradaspgerpt insulin for the patient, the
dosage being administered by controlling the electrical input to the device.

Collecting a sample may include injecting a first substance, such as a saline
20  solution. A sample is then collected and re-injected using the same needle-free
device. The sample re-injection process can be repeated multiple times to achieve a
suitable bolus of ipterstitial fluid from the body.
In another aspect of the invention, a linear electromagnetic actuator includes
a stationary magnet assembly providing a magnetic field and a coil receiving an
25  electrical input. The coil is slidably disposed with respect to the magnet assembly.
The device also inbludes a bearing that is slidably engaged with at least a portion of
the coil. Linear movement of the coil responsive to a force generated by interaction
of the electrical input within the coil and the magnetic field is facilitated by the
bearing.
30 Although the invention is described herein in the context of needle-free

transfers, one or more of the concepts described herein can also be combined with a



of the electrical input within the coil and the magnetic field is
facilitated by the bearing. 30 Although the invention is described herein
in the coWDext6/a367Meedl e-free transfers, one or nore ofPQGIES20UMHSWESE S

descri bed herein can al so be conbined with a WD 2006/ 086774

PCTI US2006/ 005043 -6 needl e to acconplitsh transfer of a substance across
the surface of a body, the surface being pierced first by the needle. BRI EF
DESCRI PTI ON OF THE DRAW NGS 5 The foregoi ng and ot her objects, features and
advant ages of neadle tp aseompligntrangfar of paubsippraeeioss the sifach ef # bedvotiengriamsr e

particul ar deE&%@Efc@&‘ﬁ&ftbﬁ{h%fn%&{Ed enbodi nents of the invention, as
illustrated in acconpa ylngc]'

rawi ngs in which |I|ike reference characters
refer to the sane parts throughout the different views. The draw ngs are
not necessarily to scale, enphasis instead being placed upon 10 illustrating

the princi pl eSREEF DESCRIVEON OR THRIIRAWINGSa schemati c bl ock di agram of one
enbodi nent _of a controll abl e e ee tra(;]gcger mal tr.ansfer, device;

| e-f
F1GS. DA afid 2B ar heiPmeeigahd pliRCovIcHsIeraRS 01 ARBREIERTENRLS

control | abl e @liesd spRARANBEh ChePlIRING mokSEtilandbdiribliéh shayéeedf FIG 1,
respectively 15 shown in an extendgd and retract eg Qoﬁfqaifgur ation; FIG 3A

is a graph degmbedimgnta ofihe invsntione psillystiateddn e GFGompapYing Aragingsin whish

el ectrical in i f G 2A

FI G B Ts o OrbrtAglESaeanth ReA0UR e i NI fe AR Sl T erp! ary
pressure genedeavanes\ard it necessagibeiowsoily, empbasisiipsitad deingpiactérpaf a subst ance,

the pressypre .20 hei enerat by the controllable el ectromagnetic
act uat or ﬁgspgﬁuﬁr@g‘g&%?‘ﬁréclpleeﬁogg?er‘&e 101}'nput of FIG 3A; FIG 4 is a partial
cut -away perspect i VEs.diiggkcidmafic blacledibaath meorie edibodimen®bf 4 cddtabbde needl e-free

transdermal transfer device; FIG 5 is a partial cut-away perspective
di agr am of an teedig-ires ransdsrmal BanserAiicnent of a control | abl e needl e-free

transdermal transf efoglonl £ 2B Gorol-doftidal Wi Larfleb i eehoBiich fdr Out - avay
perspective diagramof the controllable electromagnetic actuator provided
i n the devi ce coftrdlri@e eEcramagnetic aauator usable with the device of FIG. 1, respectively
15  shown in an extended and retracted configuration;
FIG. 3A is a graph depicting a current-versus-time profile of an exemplary
electrical input to the controliable electromagnetic actuator of FIG. 2A,;
FIG. 3B is a graph depicting a pressure-versus-time profile of an exemplary
pressure generated within a reservoir used in the transfer of a substance, the pressure
20  being generated by the controllable electromagnetic actuator responsive to the
electrical input of FIG. 3A;
FIG. 4 is a partial cut-away perspective diagram of an embodiment of a
controllable needle-free transdermal transfer device;
FIG. 5 is a partial cut-away perspective diagram of an alternative
25  embodiment of a controllable needle-free transdermal transfer device;
FIG. 6 is a more detailed partial cut-away perspective diagram of the
controllable electromagnetic actuator provided in the device of FIG. 5 coupled to a
syringe;
FIG. 7 is a rear perspective diagram of an embodiment of the controllable

30 electromagnetic actuator provided in the device of FIG. 5 coupled to a syringe;



syringe; FIG 7 is a rear perspective diagramof an enbodi nent of the
controllable 30 electromagnetic actuator provided in the device of FIG 5
coupl ed W® W0&9sIHge; WO 2006/ 086774 PCT/ US2006/ 005043 PCT/URIOEEIOSBA and 8B
are schematic block diagrans of a needle-free transdermal transport device
provi ding a sanpling and anal ysis capabitity, respectively shown in the
sanpling and injection configurations; FIG 9A is a flow diagram depicting

nbodi nent of | e-f | e, | i_nj ect . FIG
5B 1o a more. det arlh ChiagH S Sy aRae R et St e o oxenpl ary
needl e-free g@hdpefldbAe PoPERSS: sanblap: ank QRuipdidlcdpabBtyarlpattidaip shok@nh ct i ng

current versus tine profile of exenplary electrical inputs to the
cont rol | abl e thel seepliehEgreestioncenfigrdionsf FI GS. 2A, 10 4, 5, or 8A and 8B

for single and nulki - I [ o ks p 1 ' n
alternative enbodlkfr%r??‘aigg f%“ﬁcg%?fgg r%tglgtﬁ%ﬁlgé%ﬁrﬂ%g%ft{%%gkeﬁr% S@%ce al so
provi di ng Ssanpailgzeaad infeptgrodessy capabilities; FIG 12 is a perspective

di agram showi ng s e treatnen ing a | ti: shot needl e-free
transdermal tr ansgﬁ'fg%déeinlf’ée, g‘%@hléllf%w C%#’?@%P@F% T H’E?"g&t{aﬂ

current - ver sygerhpla neédé-fe€chlfec@orgiibless;y €l ectrical inputs to the
control | abl e el ectromagnetic actuators of FIGS. 2A, 4, 5, 8A or 8B for

nul ti-shot transf K& 1Ep@ad 101 Aregephs depicting chyreitvershetime RFoPerispect i ve

di agrans of : : spprt devi ce;
20 B G 15 i e R B e o B i ¢

coupl ed tl® a 4 echéAgediBBdonseglt end malé-sempleodemntian, respeativplyr t devi ce for
recharging an in l. power source: .. Fl 16 i schematic_bl ock di agram
of “an aut ot ed nELgd-i FobEritheRRimTer &l PSR At o

aut onat i cal | yieqiderhlsd slo®iding sa@FIélaﬁdirﬁ@ﬁon Shabiliiggsfer to an animal; FIG 17 is

a schematic diagram of a needle-free transdermal transport device injecting
a substance into &H -dRilfdperspgelysdiagramghowing surface treatment using a multi-

shot needle-free transdermal transport device;

15 FIG. 13 is a graph depicting current-versus-time profile of exemplary
electrical inputs to the controllable electromagnetic actuators of FIGS. 24, 4, 5, A
or 8B for multi-shot transfers;

FIGS. 14A and 14B are front and rear perspective diagrams of an exemplary
portable needle-free transdermal transport device;

20 FIG. 15 is a schematic block diagram of a mechanical recharging unit
coupled to a rechargeable needle-free transdermal transport device for recharging an
internal power source;

FIG. 16 is a schematic block diagram of an automated needle-free
transdermal transport system adapted to automatically administer a needle-free

25  transfer to an animal;

FIG. 17 is a schematic diagram of a needle-free transdermal transport device
injecting a substance into an animal’s joint; and
FIG. 18 is a schematic block diagram of an alternative needle-free

transdermal transport device including a bellows reservoir.

30 DETAILED DESCRIPTION OF THE INVENTION

A description of preferred embodiments of the invention follows.



FIG 18 is a schematic bl ock diagramof an alternative needl e-free
transdernmal transport device including a bellows reservoir. 30 DETAI LED
DESCRI PTMEN200670887% | NVENTI ON A descri ption of preferredPEeRBSEHENH0E of the
invention follows. WO 2006/ 086774 PCT/ US2006/ 005043 -8 A needle-free
transdermal transport device, or injecti°n device, is configured to inject
a substance beneath the skin of an animal body. Injection devices include

devi ces havi ng one, or e .need| confiagured to.pi. . ! ior to
injection of the Aéﬁ??g[ég eceetrrbf‘%geél% % tfag%iogg# V‘ﬁjgr%gn %l}ﬁ(s{éﬁ%’éée%ﬁec)%&%rﬁ%r

i nj ecti on devib@gisctarsgbstanc® bnegt tiedskirnofianjagitial Bodu sjketivnalebieexdatihde he skin
without first piercing the skin wth negdle needl e-free). It

I (i ..e.,.
shoul d be not@?%%@ﬁv%%eﬁémeﬂfé@&f%ﬂ eere toa%‘e’ggg’(is‘“ﬁé%”@fwmﬁ?t&ns to
devi ces that #ﬂ@%sﬁﬁ&@&ﬁ%ﬁaﬁﬁ}iﬂagﬁ&? ﬁ@dl%?eebtﬁgﬂ iRje¥idniedicaegel e or | ance.

Thus, needl e-free devices /inclu needl e, but” the needle is not used
to first i evanfiguhétosikjent a SOstanqederntiath the shan withews firy piesking beskinaiih on a

pi oneer projectil 0 ej.ect f [ | &SEipleere ski n.
G her - need - ¢ P uReEHRR, f BB OEE tededd PRbaPUBECRRE P1C ey g
itsel f. Ref eriidréig réfers kd €avicks thahmjeet wihih Gympiarchpteersdin withlameddldoragr am of an
exenpl ary needl e-free transdermal transport deyice 100 ed to transfer a
subst ance acBEs HoHE neef'- 8%§e1v5<§sgpygloqu{g!agﬁ?cﬁ%fﬂub%apc%g nﬁd}se%?anpl e, the
devi ce 100 CafirsPfierbOtHeSRA. (SOme MNeQfié-frie Injedtibilddviiesttipbd pioRéer pRojRbll Ve
principle, for exanple, a drug, into biological bod§ such as an agriculture
(S

ani mal  or lhuneecterbirery theajeyise frakiistpiptge e skia. negddmireq iniectendeviteyi ce 100
can be used t §;§Egal kol ogi cal body 150 by wi t hdraw ng

t he coll ect edr%ggér){lpérgéé[:ﬁ%ug tq?etﬂé%gé%tl% of the body and into an

ext ernal reservoi rRéfé@Bing laFIGraythbe ipshowndedhamadtibibiock dagrevofce 100. 20 The
device 100 typically includes a,nozzle 114 to vey the substance through
the surface 1%5?"5’%‘”%/%?%&'%?6&&“5%3“ IIZJHVS%W ct@ﬁ@@ﬁ@@gﬁ@ﬁ&ﬁ%ﬁgeéa SUBSHOCR aneter to
penetrate t headrbsitiRCRra&d] B d biolsitdl bo®s1 NE G} EQehpld\dRRkYice S00mhapce
ejected from the nozzle 114 forns a jet, the force of the jet determning

the dept hlof peA& jniact pHquid fsamulesion phamaphvennsindg. (r SXemPplsi Hdrus BPat surf ace,
such as the hgad : o) i : i 1 n orifice
101. It is th@%ﬁ%&%gﬁﬁ%g%@go@?ﬁ%g '3%?6?%?1%%#?%@% e di aneter
of the transf edditgmh, SkesaaedeviadiOficambd iisgqd ta drdlettarsginpledfonaa biological body

150 by withdrawing the collected sample through the surface 155 of the body and

into an external reservoir 113 that may be provided within the device 100.

20 The device 100 typically includes a nozzle 114 to convey the substance
through the surface 155 of the biological body at the required speed and diameter to
penetrate the surface 155 (e.g., skin) as required. Namely, substance ejected from
the nozzle 114 forms a jet, the force of the jet determining the depth of penetration.
The nozzle 114 generally contains a flat surface, such as the head 115 that can be

25  placed against the skin and an orifice 101. It is the inner diameter of the orifice 101
that controls the diameter of the transferred stream. Additionally, the length of an
aperture, or tube 103, defining the orifice 101 also controls the transfer (e.g.,
injection) pressure.

Preferably, the biological surface 155 is stretched prior to transfer of the
30 substance. First stretching the surface or skin permits the skin to be pierced using a

lower force than would otherwise be required. An analogy would be comparing a
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aperture, or tube 103, defining the orifice 101 also controls the transfer
(e.q. i njection) pressure. Preferably, the biological surface 155 is
stretche@v@ﬁéog[08§7e4transfer of the 30 substance. First straissdicngsoihe
surface or skin permts the skin to be pierced using a |ower force than
woul d ot herwi se be required. An anal ogy%woul d be conparing a WO 2006/ 086774
PCT/ US2006/ 005043 -9 flaccid balloon to a taught balloon. The flaccid

bal | oon woul d generally much nore difficult to pierce. Stretching may be
acconpl i shed ﬂqpcshhaﬁbqn tprémghtigplivere Thedlapad ballpon movldigeperally mugle mones5 of t he
skin. In Sorredftﬂ;@ﬁ c% , a separate surface reference or force 5

t ransducer d%‘ST ‘0 determ ne when the surface 155 has been
sufficiently st retmﬁﬂu@rmagrbetaocdmmsefdéxy s@lszbreasmmsnbzzlam%mhbe coupl ed

to a controller i -bi transfer until'the err dsurf

properties ar%“f&%%é\ﬁg W%%WPH%%%SEPQI %’ﬁ{ﬁ%ﬁﬁ’ HFBE Qe Cﬁ‘fec needl e
Is cut toa ﬁ%ﬁ@@ée?fs%dﬂﬁﬂd k@mérﬁnﬁ%eﬁ%ﬁgcet@s%Bﬁbéaﬁ%afféﬂe%ﬂy (ne end of
the needl e is flush 10 ightly recessed, with respect to the surface

of the head 1s£®tqhn@1pn@dentra@€e§ Bich asiensor e alsediecroppled o ¢amgoliere skin duri ng

use. The int Eéljaﬁlilbggll runsa Ehh%fé}%ﬁ%&“%?r%e?‘g? ér?‘%c@lve%ef' nes the dianeter

of the apertutre eIen € nee mn) together with
t he aperture di rren[msonneembcbdmb]ststafnﬂnﬂmﬂlhypddagmbnj:ﬁ&ﬂﬁouttpraessure for a

gi ven applicator press e [ a hal e can be.drilled
directly 15 i Bf e? g Fé@&gég égng@s’@ﬂ ?’Fé’géhefieﬁ S | the
I engt hof 1§ heOflishfiyERcdsSed, ﬁzﬂh@é‘s{aéaetoethe §facSRHDhd "2 8iah Borftsc@ MGG M t O 5
mm while its dianeter can range from50 mto 200 m In one particular

enbodi nent , t mvélm@@ﬂn&)ﬂie slie deningruse e Thesintexigb diametepolthe Teaslans £zl e 114 can

be coupled to n S r orarily
storing the t}gon J}ér}g1 é‘ag%n%:e“ﬂ r@%ﬁ%\%@éh%&gﬁfgh%qeﬁé?&e g?a pl unger
or piston 12Gmﬁ)\tomeathha&&pemreldﬁﬁe@hlo@a@tm&lsttﬂmhmnﬁg Bpesedpskduld, N t he
reservoir 113, Moyvenent K of the pl ung r 126 along the |onpgitudi nal axis of

the syringe for 2 grven applicator BeswEs: 1B AL F @ahdineniy 8 PP SBR RElAHEP A r e wi t hi n

the reseryoir inddd hedd 1S RAIBELRAHIINESps. T EenSHl, 'ﬂﬁhgl%nétﬂ%f iR oriftegral to the
device 100. In other 25 enbodinents,” the syringe 112 is separately

at t achabl e t osdlé¢ptablte forcranfle rangimg from 500 pm to 5 mm, while its diameter can range

from 50 pm to 200 um. In one particular embodiment, the diameter of the orifice is
about 120 pm. '
The nozzle 114 can be‘ coupled to a syringe 112 defining a reservoir 113 for
20  temporarily storing the transferred substance. The syringe 112 also includes a
plunger or piston 126 having at least a distal end slidably disposed within the
reservoir 113. Movement of the plunger 126 along the longitudinal axis of the
syringe 112 in either direction creates a corresponding pressure within the reservoir
113. In some embodiments, the syringe 112 is integral to the device 100. In other
25  embodiments, the syringe 112 is separately attachable to the device 100. For
example, a commercially-available needle-free syringe 112 can be attached to the
device 100, such as a model reference no. 100100 syringe 112 available from
Equidine Systems Inc. of San Diego, California.
The nozzle 114 can be releasably coupled to the syringe 112 or the distal end
30 ofthe device 100, such that different nozzles can be used for injecting and sampling

(i.e., sucking), each different nozzle tailored for its intended use. Thus, a sampling



exanpl e, a commercial |l y-avail abl e needl e-free syringe 112 can be attached to
the device 100, such as a nodel reference no. 100100 syringe 112 avail able
from Equioiweossysit ens | nc. of San Diego, California. TRET/N8286/6050484 can be
rel easably coupled to the syringe 112 or the distal end 30 of the device

100, such that different nozzles can bel%sed for i njecting and sanpling
(i.e., sucking), each different nozzle tailored for its intended use. Thus,

a sanpling WO 2006/ 086774 PCTI US2006/.005043 . - nozzl i nclude a | arger
orifice 101, "PREFPMGCIAE & 1a%% © %‘ﬁ%ﬁdll efﬂ%é?'@gﬁgﬁ luﬂlreBr]rg% E’r‘%bﬁ nore efficient
col | ection, @romptidghetore affidiznt solleeiaal 6r gr&fdtehpagitakdryple.a pressure is

sel ectively applied to,baﬁ he chanber eila ysi n?_ a contraqgllable, actuator. A
speci al | y- desi gnederatis 1}’%@%@{%16? "(S’F‘_l‘j%ﬁ’éﬁ’l’_ ipo tp the chASR A { JRNEE t 0 generat e
a_hi gh- pr essypgirdiidbie @ctiatét. 4 sfeciAPLdsibhdR IdchBRadRtiGactudtaS®shhan 1 _
mllisecond). The actuator 125 can be used in needle-free injection devices
that rely oronfigyredse gencrrte 2 ighepaessirs puilse havjingo rapidrise timedegolespibareat h t he
skin. Benefi.ciall i A ont r | al l owi ng for
i ust monts. tantiskibngh CheEbHL R8s b ARG R EPRIG Bl BRI 1L one
advant age of rélhen hi¥herasir aomansits thjat b kamalatiGy Bineath gy skireedl e- free devi ces
is its relatively . quiet operation.. Actuati i nvol.ve venment of a freely
suspended coiﬁen#‘:ﬁaﬁﬁyn Saﬁt&%?r 15 !dapq{%lpal{y}fgﬁtrqlﬁglesaﬁ)&gg ’?Dég%&g@e‘?ﬁ ' spring or
t he di schar 9Qh@éreﬁuﬂ%rsuﬁﬁhfé%hhﬁ%"a&ﬁatﬁ)H.GAt feh@ehyadanbpdoaé | 1 n the manner
described herein results in quiet operation, which iS an inportant feature
as it contri lacEemagnetieenivdtergvpatheraedleding davices tritsaglatiBladetni stration to

t he recipi ent o) r tail  _the

el ectr orragnetolpgﬂg% 'u%%iraﬁﬁ%‘}opgeg g{éﬁ'?l}l%ﬁro ggﬁ% égy%‘%sgg}}%g °§1 Qﬁnﬁgﬁd Pforce
appl i ed to t hethplthngee silidén teteasecdii aspeing vaths discharde df wgas f &ctuaion bfithe

subst ance. Transfer .of the force can he .acconplished w th force-transfer
Jers 2

menber 110, EGEHIAENECqH itk PERCE g Fid % AP BRHOh@MIng 111, The
rod may be 20 gegiforthtdan@t BORLoRNGuEHGRedubRE piR Y eI B dufife actuator in
either direction also noves the plunger 126." The bearing restricts radial
novenent I6f tad@inigation ®, thewscipient and lowithess thatireay beawaient . I n sone
enbodi nents, the tar 125 | ; i : uch as a
magnet assenbl y. 106m Rl B8 AR PR el 107 o SRR e STy

linear force applied to the plunger 126 to achieve transdermal transfer of the

substance. Transfer of the force can be accomplished with a force-transfer member
110, such as a rigid rod slidably coupled through a bearing 111. The rod may be

20  secured at either end such that movement of the actuator in either direction also
moves the plunger 126. The bearing restricts radial movement of the rod 110, while
allowing axial movement.

In some embodiments, the actuator 125 includes a stationary component,

such as a magnet assembly 105, and a moveable component, such as coil assembly

‘25 104. A force produced within the coil assembly 104 can be applied to the plunger
126 either directly, or indirectly through the rod 110 to achieve transdermal transfer
of the substance. Generélly, the actuator 125, bearing 111 and syringe 112 are
coupled to a frame or housing 102 that provides support and maintains fixed
position of these elements during an actuation.

30 In some embodiments, the device 100 includes a user interface 120 that
provides a status of the device. The user interface may provide a simple indication

that the device is ready for an actuation. For example, a light emitting diode (LED)



25 104. A force produced within the coil assenbly 104 can be applied to the
pl unger 126 either directly, or indirectly through the rod 110 to achi eve

t ransder mMiD 20061867%dr of the substance. Generally, the RGWBI2896/00383 peari ng
111 and syringe 112 are coupled to a franme or housing 102 that provides
support and maintains fixed position 611 fhese el enents during an actuation.
30 In sone enbodi nents, the device 100 includes a user interface 120 that
provi des a statu f th vy i . i si npl e
i caton ¢ faPTenee qagrte 108 S REGapRE ik W ERHATRORMGR YL °1 TP P\
em tting di odérehbEPcti RDOGIABDEET dsePiEterfab62006 caOtEOddudedltd peoife maet 0 a

controller 108 can be enabl.e en sufficjent copditions are satisfied for
an injection. g‘f%‘?% %’f’%@‘ro&tlégﬁé\‘ggaihﬂ?lgrcfyéj@ggsﬂ%&giﬁ?’ Y;ghqd%gquu%gg to provide
nore detai | egcRrf Sh¥BE-ERBled dBEESAIATY), 8r dnl GtHefsifitalls tthnélbgPtaibié bfD) |

cat hode ra tgté)%m.( % gﬁar ge- céc;tucglg)ed éllzvi cees(g:CD), or ?gy@ot her suitable
t echnol ogy> capetykeng fletBiledinfpayatiog bawtean k aer pr b Aeiceollp b éfera user and
the device 10911’61‘%!&%?20 IH%)E%ISO édﬁtca%%x%gﬁ'oglgg Ma%ﬁg &R R BaRl QY! St ons, such
as a touch screen to en & Gh loper ator 1o provide I nputs as user

sel ecti ons f obp@aer wrprovidesnpas snmstresekctiols fier,ona or merparmyetérdetitisf y par anet ers

related to dose, sanpl ar anet e elated to the i ol pgi.cal, body, such as
age, wei ght, Bieémaig&}iﬁﬁ eéeﬁﬁrrei?zedrltﬁgoi?r mpgeegargwe%se@@%ﬁg%{hei nput to the
coi | assenbl yuhibRsidf bodyh@icRed abdt WEight2dic. AS Wil |l be described in nore detail

bel ow, an electrical current applied to the coil assenbly 104 in the

presence &f a nagnétiower soarcg 18e prpvisissiamsiedtnical inguiga Eie el afepibly M iwi | |

It i ' f ' . f myi| h il
ncsonbly 10a° SRae Rl P29 A LIRS, e e T BOY Frec BB 12 100 e

el ect r omagnet epplied taitht ooil assemily é04 incthe pieseinos cfte hagaesdfield proigeddyttheng its

portability. An exenpl evice described in nore detail bel ow expends
Bbout 50 JoulBs FBE S S forl Gk ExaBaten SGoREnCE e PP aF o8 11 w1 0. For
conmpari son, amevindREREoH Gsedlyt 103t keri AWk Ovithtepithitet 2ABOME syBingP0 Joul es.
A controller 108 is electrically coupled between the power source 106 and

20 the actdat é#2 1D electremagnetie agtuatorcis At pifricat forco Frapsgices sprroftingdtsy appl vy,

wi t hdraw and gﬁi?;‘?ﬁ i j dbEe 8dsESEH S Alord dARStbe i.ded by the
power source E 6 totwtage ac@%gt or ?ng.eﬁThel corntro Ig?d“g%@gg&rya%éﬁtg si npl e
switch that i §0dpdesaiflencrpytoaleliver about 200 micro-liters of a fluid. For comparison, a

standard 9-volt batter can provide up to about 8,500 Joules.

A controller 108 is electrically coupled between the po§ver source 106 and
20  the actuator 125, such that the controller 108 can selectively apply, withdraw and
otherwise adjust the electrical input signal provided by the power source 106 to the
actuator 125. The controller 50 can be a simple switch that is operable by a local
interface. For example, a button provided on the housing 102 may be manipulated
by a user, selectively applying and removing an electrical input from the power
25 source 106 to the actuator 135. In some embodiments, the controller 108 includes
control elements, such as electrical circuits, that are adapted to selectively apply
electrical power from the power source 106 to the é.ctuator 135, the electrical input
being shaped by the selected application. Thus, for embodiments in which the
power source 106 is a simple battery providing a substantially constant or direct
30  current (D.C.) value, caﬁ be shaped by the controller to provide a different or even

time varying electrical value. In some embodiments, the controlier 108 includes an



interface. For exanple, a button provided on the housing 102 nmay be
mani pul ated by a user, selectively applying and renoving an el ectrical

i nput fr f%‘%’@gﬁ’?{n% source 106 to the actuator 135. d&éﬁgﬁg@%‘ﬁ’g&?&di ment s,

the contr cludes control elenents, such as el®& circuits,
that are adapted to selectively apply -ebectrical power fromthe power
source 106 to the actuator 135, the electrical input being shaped by the
sel ected application. Thus, for enbodinents in which the power source 106

is a sinple bai-b&ky mpdreprbetisstg, ot aBerhativelyt dndhtesconated prdcessor o peehal30 current
(D.C.) value, can be shaped E%uthe [of0) t.éol ler to provide a different or even
time varying €RRUS PRYIREIYEIINCHOLeARROIENS0di nent s, the control | er 108

ol udes an WO 2006036740 FLLhUHR008R0RA HAnsd=Adal s BRRIGyBL SHIPPT 0CeSSOT

or alternatively an interconnected processor or personal conputer providing
mul ti f uncti oninchidens teinbtedsterfase 14 8ndherenott ntsniacs, 1 1t8iven he vstiddo frawsmitt r ansder mal
transport gdevice 100 includes.a renote..i rface 8. The rempte.interface
118 can be  us rfngg?rf’é‘h%‘rﬁ#m% Sncffgl?en%etv }cggb@gruc%% Sﬁé&ﬂ% cgftglpadé%gﬁ@mt he devi ce
100 or of a stihsterobReonRatsated Hossitabtompuderar b @rmptreamifacheer;’s dutiblseas a

hospi tal conputer or a drug manyfacturer's d pase. Alternatively or in
addi tion, theAERsTE i AR %fgemgteiﬂﬁc%c&zﬁ § PR lecERhSATERRISERPT Wit h t he

control I er 10&iaat BafolRe 1058 &R b 08NS Shrivaubsutd Re&|eteforh b edhde I eNDt €
source to the controller 108 to affect control of the actuator 125. 10 The

remote int er f specerta ghecantrolise [ ot %femmll@fmaéwf@éé%isuch_ as a local area
network inpgerface fﬁabrgmote%t{@r?%c@eltlé caﬂrﬂt‘lgd%é’ﬁét% @nﬁﬁ%&’@@&h‘a@%?&cfaﬁce card,
an ery y er

the device 100 c e renp accesse ano evi ce or user, using a
personal  conprgh astwatksiateefacenegt, Bthetret)t Thut, @sial aacwwrinitastuck cardlther nat i vel y
or in additio ,.thﬁgcégggte i nterfac 118ﬂ¥£ﬁ%anlude a.w de-area network

interface. ThB¥c% remotaly aG5pSSEaRY H %5 QF WS cRRHPEIPI& ot her

devi ce oOr USEEyAMBEr alsoWoRtRrRl 8RthB Bcalirka netwoikh Ad@rralifely\6F nduitide yeb. 1 n
sonme enbodi nents, the renote interface 118 includes a nodem capabl e of

i nterfacing whanpteinkesiien bl Sdu selpdesewvidgvwsee netyr intecfacswilhesh g dewPephone
network. g y??o R ey %bé@&ﬁ%ﬁgh&ﬁ%{ RURL ﬁr 498 ek 8Gfdeldia nét{i}ﬁxlk,”des a
wireless intertace to access a renote device/user wrelessly. e’W rel ess
20 interface kB asthe Werd-8id¢ Wellairdsonierepibedinents the remets irderddve d58 W - Fi
standards for, W rel ess | oca e 3FE et wor.ks Q/\Lél\& ba/sed on t h%l' | EEE 802. 11
speci fi cat i on& udgs,@ modem capable of mferfacing with a remote device/user over a public-
switched telephone network. In yet other embodiments, the remote interface 118
includes a wireless interface to access a remote device/user wirelessly. The wireless
20 interface 118 may use a standard wireless interface, such as Wi-Fi standards for
wireless local area networks (WLAN) based on the IEEE 802.11 specifications; new
standards beyond the 802.11 specifications, such as 802.16(WiMAX); and other
wireless interfaces that include a set of high-level communication protocols such as
ZigBee, designed to use small, low power digital radios based on the IEEE 802.15.4
25  standard for wireless personal area networks (WPANs),
In some embodiments the controller receives inputs from one or more
sensors adapted to sense a respective physical property. For example, the device
100 includes a transducer, such as a position sensor 116B used to indicate location
of an object's coordinates (e.g., the coil’s position) with respect to a selected
30 reference. Similarly, a displacement may be used to indicate movement from one
position to another for a specific distance. Beneficially, the sensed parameter can be

used as an indication of the plunger’s position as an indication of dose. In some
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standards beyond the 802. 11 specifications, such as 802. 16(W MAX); and ot her
wireless interfaces that include a set of high-Ievel comrunication protocols
such as wb giseess7desi gned to use small, | ow power digitRBCTUaZI068004sed on
the | EEE 802.15.4 25 standard for wrel gss personal area networks (WPANs).

I n sone enbodi ments the controller recetVes inputs fromone or nore sensors
adapted to sense a respective physical property. For exanple, the device

100 includes a .transducer,.such as_a ppsiti sensor 116B used to indicate
| ocation of eé’?f’ogﬁﬁleé‘gstagmé%%?eﬂiofg?yf °E‘L‘h§°@ﬁ mggﬂe'aspoﬁtboﬁ i%ben) with
respect to a &elceChueasifle tlf BhLBeded Stritidabdibtyncea THis Syt apEiplivhad be used to
i ndi cate novenent fromone position to gin(%t her fqr a specific distance.
Benef i ci al | y,bstssesingihe gasiten ¢fifes RIpngen o i1 Torsetransser membsil Ehor B8 of the

pl unger's posii ekl Gak tic dQ8#0r 108, FONBMP2B064286774

PCT/ US2006/ Oodggfg&:m%? @n%%%e&ﬁoggg%%r oxi?rrity sensor m’ay | so be used to
i ndi cate & paehsoosudhfasehepticdbericodsr caulbtusad tordeantdwing of thesoil tedstesding criti cal
di stance. Thi,s_my be.acc |.i.she by sensi t ositi. f the plunger
126, “the t or B FRbn SRLf B b soliors RRRME fr e BRRLPAG of "F it

el ect r omagnetdisplaeimentintludeibduckios transaumptseresistiveafitling@bntacts@nsicersuch as an
optical encoder can be ed to count turns of the coqi o0 determne the
coil's positiR _tod@dﬁ%!an M -ﬁﬁ:‘%ﬁm&%ﬁ'ﬁa&ﬁogﬂ%&@ﬁéuu ng position or
di spl acenent i ncl usiged BEEL ks o b 3edaRERer 1183 cah bY Bsedlth SO tHE PoHpACt
transducers, photodiodes, and |inear-variabl e-displ acenent-transformers
(LVDT). Cherappbedsiorths plongsh 126 buthe eetuaion ¥2anddwkewn, b fene tansdicer L% t o sense

the force 10 _applied taqg.the 126 : t : shown, a
force tr ansdu%a@%gf%ﬁonegé’ﬁ%eeglﬁh%s| ?%18 cg%ftg%?o\t}\%g%eﬂf%ghﬁ? éq%eetﬁa@%%’f the coil
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this menber 19PPertEansfepmamber ldos éﬁé@sﬁmg?rﬁégfq%l&tﬂ?éa Edt fef o the pl unger
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14, A negat i M MRS el SR et kol Bk e
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substance fr Orrxgggtlilxt/esfogc% pglnl%gq}?evﬁlgr?gcr 126 proximally away from the nozzie 114 creates

a negative pressure or vacuum tending to suck a substance from outside the device

20  through the nozzie 114 into the reservoir 113. The substance may also be obtained
from an ampoule, the negative pressure being used to pre-fill the reservoir 113 with
the substance. Alternatively or in addition, the substance may come from the
biological body representing a sampling of blood, tissue, and or other interstitial
fluids. In some embodiments, a pressure transducer (not shown) can also be

.25 . provided to directly sense the pressure applied to a substance within the chamber.

An electrical sensor 116C may also be provided to sense an electrical input

provided to the actuator 125. The electrical may sense one or more of coil voltage
and coil current. The sensors 116A, 116B, 116C (generally 116) are coupled to the
controller 108 providing the controller 108 with the sensed properties. The

30  controller 108 may use one or more of the sensed properties to control application of
an electrical input from the power source 106 to the actuator 123, thereby

controlling pressure generated within the syringe 112 to produce a desired transfer



—

20 through the nozzle 114 into the reservoir 113. The substance nmay al so be
obtained_ from an _anpoul e, the negative pressure being used to }%(r)e-fi Il the

reservoi IYA3¥oRF¢* the substance. Alternativel y or in BHEUSPU003064k

substance may come fromthe biol ogical,,body representing a sanpling of
bl ood, tissue, and or other interstitia]1 fluids. In some enbodi nents, a
pressure transducer (not shown) can al so be 25 provided to directly sense

the pressure r%g@lg}xﬁge.t%r%x%%%%?&gﬁoﬂ‘@énp&%ﬂ BEu£ B TR o-coftd) feCt I | cal

sensor 116C SO be pr to sense an electri caci I nput provided to
t he act uat or atBitor Thietogrepasitiondhe crilyassearvde] (rag a desived decatibn awitb vol t age and

coil current. The sensqrs,116A, .116B, 116C (general .y 11 re coupled to
the control Isé;rgﬁfﬁgherﬁog\}%f’ﬂcﬁ FOR O%egn sepdd ﬁﬁléfcﬁda{j%“ W?gg s@r’f@’ed properties.
The 30 cont r ohb@imeA0] thesilus@mbRe] [ frdivs rsbpositvn t6 aRs@Adposar ties to

control a;l)glication of an electrical _input fromthe power source 106 to the
act uat or P25, copisenoagsto trapiead plcpHesPpRdEREYplEng Rl fubsHines. e FOHOllFEaBy i nge 112

to produce a igaﬁhé obds@ Bl dptanifb A3 QBB T Jndd t&g@g@wﬁé&ﬁw the-4

per formance. For exanple, "a position sensor can be us to servo-control the
act uat or 125 physipaleizposihtreservbine coil assenbly 104 at a desired |ocation and

to stabilize the gcoil 104 onc si,tioned,, K and conclu an _actuation cycle.
Thus, novenment of*t%r a%?ﬁ‘ ?@%‘%&‘ﬁ’gﬂ\% mlrﬁgfe%F%ﬁ]bgbﬁ’ F%r’ter% sclofrFscg’ﬁm?%’ a second
position 5 COnitREMOMTES eledtrichlansit € the bctBat6:0125 66 BANEH thghsdbiaBubefancUbSt ance.
The controller can_include a processor grograrmed to cal cul ate the vol une

based on Hbsi #dsangnsien af e eleprrcal maNt ta halbtrypier pethe sWestanse.r A seMoact uat i on
cycl e descri bggy] : i oW, enf! do Ve SRbiE il Nitiation of
an el ectrical &?‘HBL]‘%“‘H% %g&g%tg%gtﬁiér fggﬁéﬁoélﬁlngﬁce traﬂ%ﬁlag%ué subst ance
10 and concl usitestordes erables hdustmentaif therppessure durting the cowssélican agfuatidle subst ance.
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el ect r omagnet fyé;le‘ gpeﬁéfncgfyﬁ%e Shabt lel\g cgalb%gie%g%ﬂﬁgf?r ?Cﬁl@é b@%gcst\fé‘%’é’nduri ng the
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cycle. Al ter nBereriigraland remele ditsrases cap Also ¢ useq toBrepatischeantrobefdhs enpt e
interfaces capalisp-Re used to further affect control of the actuation
cycle. In sone 1 nplenmentations, the controller 108 is coupled with one nore
ot her In some implementations, the controller 108 is coupled with one more other

sensors (not shown) that.detect respective physical properties of the biological
surface. This information can be used to servo-control the actuator 125 to tailor the

20  injection pressure, and, therefore, the depth of penetration of drug into the skin for a
particular application. For instance, when the device 100 is used on a baby, the
sensor detects the softness of the baby’s skin, and the controller 108 uses the
properties of the baby’s skin and consequently reduces the injection pressure. The
injection pressure can be adjusted, for example, by controlling the electrical input

25  signal applied to the actuator 125 and/or the current pulse rise time and/or duration.

When used on an adult or someone with sun-damaged skin, the controller may
increase the injection pressure. The injection pressure may be adjusted depending -
on location of the skin on the body, for example, the face versus the arm of the
patient. The injection pressure can also be tailored to deliver the drug just

30 underneath the skin or deep into muscle tissue. Moreover, the injection pressure
may be varied over time. For instance, in some implementations, a large injection

pressure is initially used to pierce the skin with the drug, and then a lower injection
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external electrical power source.
induced within the coil results in the generation of a corresponding mechanical
force. The configuration is similar, at least in principle, to that found in a voice coil
20  assembly of a loud speaker. Namely, the relationship between the magnetic field,
the electrical current and the resulting force is well defined and generally referred to
as the Lorentz force law.
Preferably, the coil 104 is positioned relative to a magnetic field, such that
the magnetic field is directed substantially perpendicular to the direction of one or
25  more turns of the coil 104, Thus, a current induced within the coil 104 in the
presence of the magnetic field results in the generation of a proportional force
directed perpendicular to both the magnetic field and the coil (a relationship referred
to as the “right hand rule”).
In more detail a cross-sectional diagram of an electromagnetic impulse
30  actuator 200 is shown in FIG. 2A. The device 200 includes a magnet assembly 201
defining an annular slotted cavity 214 and a coil assembly 203 slidably disposed

therein. The stroke of the coil 203 can be controlled by the lengths of the coil and



In nore detail, the electromagnetic actuator 125 includes a conducting coil
assenbly 104 d| sposed relative to a magnetic field, such that an electrical
current Wr?d%%@?)spvﬁ “thin the coil results in the gener atiRnl/B$2086/005043
correspondi ng nechani cal force. The co?gl guration is simlar, at least in
principle, to that found in a voice coil 20 assenbly of a | oud speaker .
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vol ume can de'dhs‘;ﬁ@ied\é%ﬁ‘éléént@%;%z@{ mablhﬁﬂnldf&&ghéiﬁcﬁm%édtéaady input to the
coil. Operation of such an actuator is determnistic further lending itself
to precision stackingone or more magnetic devices. For example, the magnetic devices can be

permanent magnets. As a greater magnetic field will produce a greater mechanical
force in the same coil, thus stronger magnets are preferred. As portability and ease

20  of manipulation are impértant features for a hand-held device 100, high-density
magnets are preferred. - '

One such category of magnets are rcferrqd to as rare-earth magnets, also
know as Neodymium-Iron-Boron magnets (e.g., Nd;Fe4B). Magnets in this family
are very strong in comparison to their mass. Currently available devices are graded

25  in strength from about N24 to about N54 -- the number after the N representing the
magnetic energy product, in megagauss-oersteds (MGOe). In one particular
embodiment, N50 magnets are used. The magnetic field produced by the magnets
generally follows field lines 208, with rotational symmetry about the central axis for
the configuration shown.

30 The magnets 2044, 204B are attached at one end of a right-circular
cylindrical shell 201 deﬁning a hollowed axial cavity and closed at one end. An

annular slot remains being formed between the magnets 204A, 204B and the interior



control. 15 The magnet assenbly 205 includes a colum of magnets 204A, 204B
di sposed along a central axis 203. The colum of magnets can be created by
st acki ng WRLe086BHe nagneti c devi ces. For exanpl e, the meEmO&0d&0densi ces can
be permanent nmagnets. As a greater nmagnetic field will produce a greater
mechani cal force in the sane coil, thu§7stronger magnets are preferred. As
portability and ease 20 of manipulation are inportant features for a
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(AI'Sl) 1026 carbon steel). An end cap 206 is also provided of sinilar
f erromagnéfi c camis genesdllylihickey thantthe shell wadls tomsomota epnteimuhent ofithemagnetic

fields as they loop into the end of the top magnet 204A. For the exemplary shell 201

embodiment described above, the end cap 206 has an axial thickness of about § mm.
The coil assemblly 203 includes a coil 212 formed from a conducting

material, such as copper wire wound about a bobbin 210. The bobbin 210.can be

20  cylindrical and defines an axial cavity sized to fit together with the coil 212 within
the annular cavity 214. In some embodiments, the bobbin 210 is substantially
closed at the end juxtaposed to the annular cavity 214. The closed end forms a
force-bearing surface adapted to push against a plunger 214 (FIG. 1) or force-
bearing rod 210 (FIG. 1).

25 A strong, yet light-weight coil assembly 203 is preferred for applications
requiring a rapid generation of substantial force, such as needle-free transfers.
Preferably, the bobbin is formed from a strong, yet light-weight material such as
aluminum or epoxy-loaded fiberglass. One such family of glass reinforced epoxy is
sold under the trade name GAROLITE®. Suitable material selected from this

30 family includes G10/FR4 material offering extremely high mechanical strength,
good dielectric loss properties, and good electric strength properties, both wet and

dry. Other materials include an all-polymeric reinforced, dull gold colored
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that could result in structural damage (e.g., melting). Other light-weight materials

include machinable poly-acetals, which are particularly well suited to high-
20  temperature applications. '

Continuing with the exemplary embodiment, the bobbin 210 has an outside
diameter of about 27 mm, an internal diameter of about 26 mm, and an axial length
of about 46 mm. The coil 212 consists of six layers of 28 gauge copper wire wound
onto the bobbin 210 at a rate of about 115 windings per coil length (about 35 mm)

25  resulting in about 700 turns total. Using the N50 magnets with the 1026 carbon
steel, the end cap 206 contains between about 0.63 and 0.55 Tesla (the value
reducing outwardly alon;g a radius measured from the center of the end cap 206).

Thus, a current flowing through the coil 212 is positioned at right angles to

the magnetic field 208 produced between the end cap 206 and the shell 201 wall.
30  This results in the generation of a force on the coil directed along the longitudinal
axis, the direction of the force depending upon the directional flow of the current.

For the above exemplary device, an electrical input, or drive voltage of about 100



10 preferred over a conducting material such as alum num Eddy currents
created in the conducting material as it noves through the magnetic field
tend to A¥e@a00s/086774rechani cal force opposing notion of treTishbismosogsich an
opposing force would counteract intentional novenent of the coil thereby
resulting in an inefficiency. Dielectti% materials reduce or elinminate the
production of such eddy currents. 15 A th| n-wal | ed bobbin 210 allows for a
narrower annul ar slot 214 the rt;by pronoting a greater nmagnetic field

i ntensity acrdsapniisd aerpss the OifHSt adtratan of gbeus dmilliseenpd Aeprovcaiathe he coil 212
can result | ’blérbéa?lﬁ%‘@f' a"ﬁta'cﬂﬁhd?ﬂc cydleS Ekblﬁés%nél‘%&ﬁcatl E’@W@t{abblﬂag volth@t could |

result in structural damage (e.g., nel i ght-weight materials
i ncl ude nachlapabftdefOp&lbyramf@‘t b, T\hhp@hmaroéﬂpaapphmhawlsygmﬂslthaSthet ed to high

20 tenperatur 1ion i wlth t e enbodi ment, the
bobbi n 210 h anglﬁp%ha%eam&ésaéall gﬂg%é:?ﬁleg %%alﬁ’f‘plig %3? gﬁio (%Ib di arret er of
about 26 M and aenerklinlthd eii@ih reoefveatheutectﬂﬁalrmputmﬁalctmhgmﬂz\& consi sts of

onto the bobb t arate of

| f
Shout 35w il es HOPRE] el ht BRlie omer ey ssTREs ar R aboat 700
turns total. iskngelidias MNelaroRARALS M gwextibﬁmé%é(mr l@pnrhe%tk%@a enddte end cap

206 cont ai ns bet ween about 0.63 and 55 Tesla (the value reducing
out war dl y al cheskell28dimay coetais onedr mﬁmmﬂdlhenaéemr@kresdhrougtewmnblammzoa) Thus,

a current fI les to the
magnetic fiel g%gﬁgéaggg%gﬁ% \%‘Iété’rgafjehe end %%h“u%ggeﬂ% s he ltsvﬁ'g 201 wal | .

30 This rmulxtemnvmgﬂneolgemmg aﬁﬂa@gaptﬁetxaeemhmﬂmzmhémmnhuleh deeted al ong t he
| ongi t udi nal axi s, (Ie 1rectl on of -the for %]\Ee‘gg upon.the directional
fl ow of the cRIF’%SBWtWOu Foildup o PRIGRMOVERST & ‘?‘e& erngtiyely| ¥} ri cal i nput,

or dri ve vol t ggioaf nahosin 200NRIZNN0L B8ELHorBGRHRR00040RRARE VOl LS

appl i ed across the coil for a ation of about 1 mllisecond representing
the pierce phabeldyp efifampingrasenescdpeing actpeticBsser el ectrical input of about
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In some embodiments, the conductive coil is configured to carry a relatively
high-arriplitude electrical current to préduce a substantial force resulting in the
20  generation of a substantial pressure. The coil also provides a relatively low
inductance to support high-frequency operation thereby enabling rapid rise time (i.e.,
impulse) response. In some embodiments, the coil provides an inductance of less
than 100 millihenries. Preferably, the coil inductance is less than about
50 millihenries, More preferably, the coil inductance is less than about
25 10 millihenries. For example, the coil inductance can be between about 5 and
10 millihenries. One way of providing the high-current capacity with the low
inductance is using a coil formed by a large-diameter conductor that is configured
with a low number of turns (e.g., 1 to 3 turns).
The result is a pressure actuator capable of generating a high-pressure pulse
30  with arapid rise time. Additionally, operation of the actuator is both controllable

and highly predictable given the physical properties of the actuator and the input



the shell 201 may contain one or nore additional apertures through which air
may be transferred during novenent of the coil. Wthout such apertures and
gi ven t hevolfbhoseseatd ve ti ght tol erances of the gap bet weporbmosoish43212 and
the annul ar slot 214, a pressure would build up to oppose novenent of the
coil. Alternatively or in addition, t+€-bobbin 210 may al so have one or
nore apertures 220 to further inhibit the build up of danping pressures
during actuation, FIG 2A shows the coil assenbly 203 after or during an
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corresponding high pressure that can be used to pierce the surface of a biological
body without using a needle or lance. The remainder of the actuation cycle defined
20  between times t; and t; can be referred to as a transfer phase. As this name suggests,
the relatively lower current value It induces a lesser pressure that can be used to
transfer a substance from the reservoir 113 (FIG. 1) to the biological body through
the perforation in the surface created during the piercing phase.
An exemplary plot of a pressure induced within the reservoir 113 (FIG. 1) in
25  response to the electrical input is illustrated in FIG. 3B. As shown, the pressure
rises from an initial rest value to a relative maximum value, Pp, at a time to, perhaps
with a slight delay A resulting from the transfer characteristics of the electrical coil.
This pressure value can be used to create a jet as described above in relation to FIG.
1. Asthe current is reduced during the transfer phase, the pressure similarly reduces
30 to a lesser value Pt determined to achieve a desired transfer of the substance. The
transfer phase continues until a desired volume of the substance is transferred, then

the pressure is removed concluding the actuation cycle.



an electrical current applied to the coil assenbly 104 of the actuator 125.
At a first instant of tinme to an electrical current is applied to the coil
104. The worw@&nssriises froma rest value (e.g., zero arESpui@ocoos@si num
value Ip remaining at this 10 maxi mum for a sel ectable duration and then
transitioning to a different current value |IT at a later tine tl1. The
current anplitude may remain substantially at this value, or continue to
vary with tune until a later time t2, at which the current returns to a rest
val ue. The entire pesrivodonsfolied impecthe firiciusds berenigbyrdedigned eleptremagnetic can be
referred to a a uat ion . .od.. or .act uat i e.. For a current
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servo-controller output can be used to control the pressure by controlling the

-amplitude of electrical current driving the controllable actuator.

20 Real-time control can be accomplished by the servo controlier 108
repeatedly receiving inputs from the sensors 116, processing the inputs according to
the predetermined relationship and generating corresponding outputs. In order to
adjust the injection pressure during the course of an injection, the entire sense-
control process must be performed numerous times during the period of the

25  injection. For example, a servo-controller 108 can include a high-speed
microprocessor capable of processing signals received from the sensors and rapidly
providing corresponding output signals at a rate of 100 kHz (i.e., every 10
microseconds). Such rapid response times provide hundreds of opportunities to
adjust pressure during the course of a single 5 to 10 millisecond injection.

30 As friction or drag on the coil assembly 104 represents an inefficiency, the
coil can be floating within a cavity of the magnet assembly 105. That is, there is the

coil assembly 104 floats'within a gap and is allowed to move freely. Withno



5 injector is a needle-free device. The el ectromagnetic pressure actuator
generates a high-pressure pulse having a rapid rise tine (e.g., less than 1
m | | i secoood/¥s7741 Nj ecting a formul ati on beneat h t he skiTrusiobd/boseasch a
rapid rise time, an entire transfer can be conpleted in | ess than about 10
mlliseconds. The pressure provided by¥2t-he actuator can be varied during
the actuation of a single injection to achieve a 10 desired result. For
exanple, a first hi q,h-pressu_re is initially provided to the formulation to
p
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and forth Wthidugoyesaeing 408 toligb#l eadial Bro¥&Rent SUGRoUREME R®Rter ABYisbe undesirabl e
as 1t may provided at a distal end of the device 400 for mounting a syringe 410. A plunger of
the syringe (not shown) resides within the mounting adapter 412 abutting the other
20  end ofthe pusher rod 408. A power source, sucﬁ as a rechargeable capacitor 412 is
disposed proximal to the actuator 402 for inducing currents within the actuator 402.
The device 400 also includes a button to initiate an injection and a controller 416 to
control application of the power source to the actuator 402. A housing, such as an
elongated molded plastic case 418 is also provided to secure the different
25  components with respect to each other.
An exemplary embodiment of a smaller, dynamically-controllable needle-
free injection device 500 is shown in FIG. 5. The device 500 includes a compact
electromagnetic actuator 502 having a distal force plate 504 adapted to abut a
proximal end of a plunger 506 of a syringe 508. The device 500 also includes a
30 mounting member 512 to which a proximal end of the syringe 508 is coupled. A
power source 514 is also disposed proximal to the actuator 502, the different

components being secured with respect to each other within a housing 516. In some



result in unintentional spillage of a substance formthe reservoir or

i ntroduction of a substance, such as air, into the reservoir. Using a
servo- COmM® od0bms67W t h t he position 5 sensor 116B, the pvetmiseenisothe coi l
104 can be adjusted such that the coil 104 is held in place in the presence
of external forces (e.g., gravity) by -tBe application of equal and opposite
forces induced fromthe electrical input signal applied to the coil
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coil assembly 505. The second bearing surface 555 slides against the interior

surface of the shell 522 during actuation.
The extensions 524 may include openings between adjacent extensions 524

20  as shown to reduce weight and to promote the flow of air to promote coil movement
and for cooling. This configuration 502 rigidly couples the distal mounting plate
512 to the shell 522, thereby increasing rigidity of the actuator 502 and reducing if
not substantially eliminating any stress/strain loading on the housing 516 (FIG. 5)
caused by actuation of the device.

25 A rear perspective view of an exemplary compact Lorentz-force actuator 602
is shown in FIG. 7. The device 602 includes a magnet assembly having an external
shell 622. A coil assembly 605 is slidably disposed within the shell 622, and
adapted for axial translation. Multiple longitudinal extensions 624 are disposed
about the axis and adapted to couple the shell 622 a mounting plate 612. Openings

30  are provided between adjacent extensions 624. A syringe 608 is coupled to the
mounting plate 612 at the distal end of the device 602. One or more guides 626 are

provided to prevent rotation of the coil, each guide 626 riding along an interior edge



enbodi ments, a coupler 525 is provided to renovably fasten the plunger 528
to the <coil assenbly 505. This ensures that the plunger is noved in either

di recti oRyo bRSRSYISd ve to novenent of the coil assenbly BRBusEREREHLINY tO
FIG 6, in nore detail, the conpact controllable el ectromagnetic act uat or

502 includes a ferromagnetic shell 522 44ncluding a central magnetic core
520 capped by a ferromagnetic end cap 506. A coil assenbly 505 is slidably
di sposed within an annul ar slot of the magnet assenbly floating freely

wi thin the sifeh adjiddeat shitakioh 620.0THS prvtimabdirl of te2Rvica 602 eRideyupeiresTor €
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bearing surf amelys®0 15 slides against the interior surface of the extensions

524 during actuation. | one nbodj nent s, .a secqnd bearing surface 555 is
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8

ext ensi ons 52%ed povighravhefamnle Flas isadoprdiciph feafieiat ibennblsadhederipetof | ow of air
to pronote, coi t | nﬁm .0 LN : igidly
coupl es tﬁoe gdlogggﬁ\éﬁgﬁﬁt F%%H%iggtg ERI@%%Z a{x‘gxe,[ éiﬁ%ﬁﬂ%ﬂ‘{ﬁ%hﬁe}éﬁéﬁgé?ﬂcreasi ng
rigidity of tHeisidlhstetel The 2ampithgrisdcicinrigvicé 700niotiudastastiaintetmbély el i m nati ng
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al ong an i nt e4 biologieaidddy when the sampling nozzle 711A is placed against a surface of the
body during actuation.
20 Referring now to FIG. 8B, once a sample has been collected, a movable
syringe mount 708 can be re-positioned such that the sampling syringe 710 is
aligned with an analyzer 706. By the same motion, a second syringe 712 having a
second piston 714B and including a substance, such as a drug, is aligned with the
actuator 702. The mount 708 may be a rotary mount rotating about a longitudinal
25  axisor alinear mount as shown. The analyzer 706 provides a control signal to the
power source 704 responsive to the analyzed sample. The control signal causes the
actuator 702 to push the second piston 714B forward thereby expelling an amount of
the substance responsive to the analyzed sample. Thus, the same device 700 can be
used to both collect a sample and to inject a substance.
30 As already described, the needle-free device can be used to collect a sample
from the body. An exemplary method of collecting a sample is illustrated in the
flow diagram of FIG. QA. First, the surface is punctured using the needle free
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and interstitial fluid is re-injected into the biological body using the need free
device. (Step 818) Steps 814 through 818 can be repeated until a suitable sample or
bolus is obtained. In sorﬁe embodiments, determination of the sufficiency of the
sample may be determined beforehand according to a prescribe number of cycles.
Alternatively or in addition, sufficiency of the sample may be determined during the
course of the sampling process.

Exemplary drive currents that can be applied to the dynamically controllable
electromagnetic actuator are illustrated in the plots of FIGs. 10A and 10B. Referring
first to FIG. 10A, a sample actuation cycle is shown including an initial piercing
phase in which a substantial positive current is applied to force a substance into the
biological body creating a perforation. The piercing phase is followed by a
sampling phase in which a lesser-magnitude current is applied in the opposite
direction to collect a sample. Referring next to FIG. 10B, a muiti cycle sample is
shown in which an initiai piercing phase is followed by repeated sample and re-

injection phases as described in relation to FIG. 9B.

a



fromthe body. An exenplary nethod of collecting a sanple is illustrated in
the flow diagramof FIG 9A First, the surface is punctured using the
needl e frwe 2063/08094/ 086774 PCT/ 1352006/ 005043 - 25 i nj ect@f ysdomt/ciRe800)

Next, a sanple is collected fromthe biological body again using ?he

needl e-free device. (Step 810) The colleggted sanple is analyzed, for

exanpl e to determ ne a physical property such as bl ood sugar. (Step 820) Any
one or nore of a nunmber of different nethods of analysis nay be perforned
at this step. 5 FoAn sienmiveembothyistes a s@yplingdhjeetn devire 20@BtihGahedi cal

techni ques for the detection of glucose, such as gl ucose oxi dase test;
“and opti cal t@cﬁhﬁi hhégqedgﬂﬁﬁg%sm%lgii?sﬁ’ém ‘?’?"a?ﬂé’édmggne& eRPPPYREREDY. The

control | er regahyEsideRGi Sdirbigabfd elaég%gagﬁéﬁmhﬁato@m cﬁgio@écm nes a dosage

based on the anal yzed sanple. (Step The determ ne dosage is

adni ni st er ed therebttwetsi. dadynezale BVédy 148 ngouied aten dkternpl wd afevespectivé St ep 10
840). In re_det aj I rri . ne.fl.o L aar f &l the step of
needl e- fpge)e Séﬁl%? giz&”9?5e}%te:é%hﬂsg'(1§?%%c f)aﬁlé"s %Fu ergs |r1rsét:13|%h19ec fmr?g a
substance to pickheeng heesspeskivapistOst EHAS 9P)B Halablgxisppied thereaini A@ istednelt | on can
be injected to pierce.the skin.. Next, a sa is wthdraw using the

needl e-free d Q,f(?a‘gflgf’}a?icﬂﬂﬂ%fi @&ﬁﬁ?pgc?vrcc?ﬁ?nggﬁf ﬁ@ﬁf’%\qf% h%ody into a
reservoir of Qe GR dirbétichREussR B Sluhder DP0A Stk ik @vartl he dig@diune or
constitution, the withdrawn sanple of saline solution and bl ood, tissue,

and i ntersti t hedzlefdlaAgraating epressueecy iblein thetreservedr B Hladaptedio iBisehe usi ng t he
need free,,dey| - . St ed until a
sui tabl e %%np}(deb%%trlce cggﬁ%glg@ﬁu?cgbt'g{f%ﬁsg% %%f&ﬁggoglﬁthe%%%a?ﬁgﬁﬁgOB‘%@?@% m nati on of
t he suffi ci enothedluigesd DB ts avithbawayaylfeond the elistdl nezkld @B @taingd aaccording to a

Phe-sanpl e may=BRTaUEdT Hf Hervater iy G Hineris 6 raore Piruhe Mephiig B ocess.

e sanpl e may : ‘0Ccess.
Exenpl ary drive curkeftisitot hzd incRbedtemandld @4l akRmbieordynartealet ¥, control | abl e
el ectromagnetic actuator, are illustrated in the plots of FIGs. 10A and 10B.
Referring 25ckririgsl innyt ggnal fpmagoniolies 88 thahiselsacraedipd ROWes SaFEwn

i ncl udi ngian bRa ty I j: o i SHOS j1al { &ave .current
is appli eégt on%r%gbrgpgﬁggng%ggq?ﬁ%g&%gg@hﬁplglgsogl carﬁgf)g(}é cg{r%e}g(% for%e a
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lesser-magni tude Cur et « LB AR Ehn'bE S0 WBRLE L Lnple from a biological
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body as a result of a needle-free transfer across the surface of the biological body.
The analyzer 916 may analyze the sample and provide a result to the controller 908.

20  The controller 908 may determine the parameters for a dosage of a substance to the
biological body based on the analyzed sample.

The other end of the device can be used to administer a dosage of a substance
to the biological body. The controller then provides an electrical input form the
power source 909 to the actuator 925, possibly under the control of a local or remote

25  operator through an input/output interface. The actuator 925 moves a piston in the
same direction according to the received input, creating a pressure and causing an
injection through the injecting end of the device 900. W

In some embodirhents, it is advantageous to provide a controllable needle-

free injection device 1000 capable of administering multiple injections and/or
30  samples in suceession. Thus, actuation cycles occur with relatively short time delay
between cycles adjacent. Such a device can be referred to as a multi-shot needle-

free injection device. Multi-shot injections can occur within 30 milliseconds to 50



direction to collect a sanple. Referring next to FIG 10B, a multi cycle
sanple is 30 shown in which an initial piercing phase is followed by

repeat ed wangbdgosgd re- injection phases as described ind bé?d?rs@ﬁ FI G
9B. WD 2006/ 086774 PCTI US2006/ 005043 -26 An alternative enbodl ment of a
sanpling injection device 900 is illusthated in FIG 11. The device 900

i ncl udes two nozzles 914A, 914B each at opposing ends of the device with a
control |l abl e el ectromagnetic actuator 925 di sposed therebetween. Each
nozzl e 914A, R4ARcbsdsGRHBIcRIwah aRBcteticB (1A ineétbnPéych T0aaRRtnde. 5 Syringe
912A, 912B, each syringe defining a respective reservoir 913A, 913B and
each havi ng aSemepudi-shpedgyicss b agapabality oo drdiven upda BPY injacEpsss diBer ei n.  An
internal end 19{ each piston is coupled to a respective end of the actuator
925, such thal™actuation in.one direction causes one plunger 910A to
advance toward t heFatiesgmaple, msrzigdo tsshammatia tliaggmeof i€ sk renudfisshitn t he
reservoir 913A adapted. to injec .10 subst ance, cont ai ned t herein. The sanme
actuation 1n PFECSERRIGFHQ c{‘e{vggﬁ%@l}g@@?ﬁgagqgﬁﬁqerrescﬁmﬁ%rea]m@fgé%bg wi t hdr aw
away from t heTH¢ sévde 100@ %l HpREHAE tiRrs@Efhdend adiolopaRUbsBVHOD N bid § he reservoir

913B to withdraw a substance intqQ the reservoir 813B. The actuator 925
i ncl udes a motansdermabirensies deipibielpd 6 GUst Aeratipre HAOP pbwhigh thedpeafiths qegicei nput

signal froma I { ) source 15 9009.
In sone errbodlwn@r}%ggufuﬁerr %g&c%gsq%%gf%%?%d%gﬂg%ﬁgﬁgﬁigefﬁgﬁi?coupl ed to the
control | er 908rokimityamill yezpasytozacaothéraharetyl teatimk substeitil sfaob ragipor eser voi r

913B. In pe i one e f {he devi.ce.can, be used.to colle a sanple
froma bi'6 og?@deﬁ &Q%eo%gloglgggm?%s{ﬂ q%heéfp%{lcﬁté%l&ﬂgq ﬁrggn@?gﬁgtfa%ylcgg@%oss t he
surfacozle of theTrbid)isécgiho(lfﬂnsdbﬁdylllytra'ﬁbﬁr ﬁﬁlﬁistyiﬂ@rmgdoﬁolﬁamllthﬂlﬁﬂifﬁfbnf he Zarrpl e and
provi de a res to e controll.er 908. 20 e.controller 908 nma eterm ne
the paraneter Brofagicahoeifiesa SHCT PP °%&95%W8‘Héén°g“geﬂl}?é“1ﬂb‘i&ﬂ %r@maa? aﬂb‘B%‘? based on
the anal yzed gadgpieanckhe. ot her end of the device can be used to admi nister a
dosage of a substance to the biological body. The controller then provides
an el ectrical input plgofen premplasweoi! drbgresgegogrsedtimnior aanulttshyt 925, possi bly
under the,gon a. Qo ~enpt L aput / out put
interf ace.1 §Thé£pgi€Ff8%nt%}ﬂ“gg%&n%vl:eﬁs}' gg?pﬁlsefc gﬁgﬁﬁgﬁg&a&lg{ﬁ@yﬁp&}%g? :atgoﬁ accordi ng
to the recei veghle opnetipd caretset dimijardo pasesIhuse deserdbaziadienn rahation ty EGSI in t hr ough

the injecting 182 gmc? EOé Qe%ar%?e\él b(j:f% ugsgrgs'electable inter-shot delay. Although the same

genera] input waveform is illustrated for each cycle, the device is capable of
initiaﬁng different waveforms for each cycle.

20 An exemplary portable, multi-shot injection device 1100 is illustrated in
FIGs. 14A and 14B. The device 1100 includes a housing 1102 having a handle
section 1104 that may include a trigger 1110. The device also includes a nozzle
1006, a reservoir or ampoule 112 and a self-contained power source 1108. In some
embodiments, the device 1100 also includes a user interface 1114.

25 Referring to the power source 106 in more detail, it is possible to charge a
rechargeable power source, such as a rechargeable battery or storage capacitor. For

-example, recharging can be accomplished with solar cells, a dynamo, or inductive
coupling. For example, the coil assembly 104 can be used in the inductive coupling
to an external power source, the coupled source creating an electrical current within

30  the coil assembly 104, usable to charge the power source 106.

In some embodiments, the device can be recharged using the electromagnetic

actuator 125 itself. That is, mechanical movement of the coil assembly 104 through



In sone enbodi nents, it is advantageous to provide a controllable needl e-
free injection device 1000 capable of adm nistering nmultiple injections

and/ or 30wseaopd/@s714n succession. Thus, actuation cycles QegHE 08603043
relatively short tinme delay between cycl es adjacent. Such a device can be
referred to as a nulti-shot needle- fre4njection device. Milti-shot

i njections can occur within 30 mlliseconds to 50 WO 2006/ 086774

PCT/ US2006/ 005043 -27 milliseconds per cycle, with an actuation (i.e.,
injection) cythtmagiktinifield peddaddy.the [Segret assé¢rhbly 40D as dagﬁtdaeacdmpﬁsla:dcapabi lity
to deliver u 500 injection Far .exa ferrlngto

t he schemati ¢’ osi(gl Pa?ﬁﬂ*f’ ﬁ’l’%ﬂ a‘nz‘pcemgr{ﬂ”%fmcfﬁﬁ? electcg) qurgy % ?nj ection
devi ce 1000 i gl qtﬂsaolaﬁss@hislﬁ@heﬂay%wupwuﬁoﬂfe p@wexos@h@em@axrougme devi ce 1000
is applied to the surface of a hiological body 1004 and a, transdernal

transfer is i%Eptar dptherppifable rechargngsir G?Jéogh‘b?t elgiricah cyrrat {ndycediwitie devi ce
1000 is placeg, oJingsHhe) qé&bﬁﬁgmbﬁdeﬁpﬁ?&ugﬂt}?etm&gml@@aﬁéx@eammédton a general

proximty wth respect o edc er thereby treating a substantial surface
regi on 10 10080kcafgetthepmeaflsmgﬁ@m6 body | n ot her appl i cations, the sane

mul ti-shot device 1000 an u tra sder | | r substance in
each of nultiple ere mB&S‘PIS rsﬁxfirgbr%cpeélgcex ﬁ%&eg ?gée]] bﬂz‘ woul d

i ncl ude i nocuhadhahigalaedhbitg Wit 1200 ﬁﬁlu&esatﬁét&xaﬁif:ﬁl&fanﬁiﬂ@érhﬁch afa pl ot of an.
exenplary coil _drive current versus tine for a nulti-shot 15 a plication is

i | lustrated iYibieior12Q4 thatpssillates pspatt Wéﬁ’??lea@ffo% Thepnadt ghrgrpigd#tuat i on

cycle or p@r ' &Qeﬁé'ﬁb éﬂ@v?b'ra%xj 1264 bH é%'?ﬁé &ﬁer%ﬁ@%ean%?ﬁéﬂﬁ%ﬁﬁ’g PﬁfS'aﬁEﬁtcd n relation
to FIGS. 3, OB separ at ed é}a user-selectable inter-shot del ay.

Al t hough t he t@&ngageql@n@mﬁ-tmq&nmmeﬂ ehthedgviidede0 . aThereehwrgiegiatit cycl e, the

exemplary por L ABPES gl b iRkl ot PRl E DR e PRI 0

FI Gs. 14A andwitdthe v%aoﬂmmﬂgw&chnglhglﬁasoch Awhswing: sin’hﬁge xlsﬁysmg a handl e
section 1104 that i nclude a ice a i ncl udes a
nozzl e 1006 reglo?’ Btlﬂi‘e aéﬁ?ﬁ'%’iﬂ %g%EQS% eda%é%‘g?%@é‘i‘ﬁg&? hower source

1108. In @ﬁ@ﬂ&%’dﬂ@&h&al &.ﬁ%nﬂﬁ‘fﬁe%ﬂ%@oTﬁé &%lﬁ@é&ﬁﬁ&aﬁ bd$RIbabint er f ace
1114. 25 Referrlng o the power source in nore detail, it Is possible to
charge a into the powerlsource 106 through a power condmoner 1210. The power

conditioner 1210 can include one or more of a rectifier, a voltage regulator, a filter,
and a recharging unit. As shown, the magnet assembly 105 is coupled to the
housing 102 through a mounting 1211, such that the magnet remains fixed with

20  respect to the moving coil assembly 104.

The controllable nature of such a transdermal transfer device lends itself to
automatic, or robotic injection. First, a forceful needle-free injection may be used to
inject through the skin of a biological body, such as the relatively thick hide ofa
large mammal, such as a cow. Asthe injection is needle-free, there is no chance of a

25  needle breaking within an animal, should the animal move during the course of an
injection. Further, because a forceful needle-free injection can be accomplished in a
fraction of a second, the duration of time during which an animal must remain
immobile is greatly reduced. Thus, a mere bump of a nozzle on an animal combined
with a momentary release may occur in such a short period of time, that it may even

30  be done while the animal is mobile.

An exemplary needle-free injection system for administering a controlled

dose of a substance to an animal is illustrated in FIG. 16. The system includes a



rechar geabl e power source, such as a rechargeable battery or storage
capacitor. For exanple, recharging can be acconplished with solar cells, a

dynano, gﬂoﬁ&g}gg&we coupling. For exanple, the coil ag&i@gh%ﬁé%@éﬁan be

used in the 1nductive coupling to an external power so pl ed
source creating an electrical current wyghin 30 the coil assenbly 104,
usabl e to charge the power source 106. In sone enbodi nents, the device can
be recharged using the el ectromagnetic actuator 125 itself. That is,

nmechani cal nmsedefiee Ghnstibienal Bhdspais S€EY 1808 Qkpdsbd aodistend @0 086774
PCT/ U52006/ 005043 _ -28 the g,ggnetl c field provided by the magnet assenbl y

105 (as i ghtexadgiedmpl304n dhac Pioyma sud ofdhosrmyi30f mayhg comECEEi e 100)

produces an erji%?ﬁ{r{oh&?éucﬁ%& E5 oMkl Esrotggghsegmsﬂ & 8190 be AOPiRAPLY 104 may

be coupled to the power source 106 th regul ator or other suitable
rechar gi ng ciidensify an aimsl, priok tecadniinisterivgiz transdermabimapsfr wWFertexampletthe coi |

assenbl y 4 hy |t venent through the eti,c field n be used to
recharge the Et%ffi\%rﬁg %arnég‘ﬁ&{%a.n li?#ﬁm%lﬁrgﬁ?/g?fég%ﬁacbﬁfkc?%gtﬁ%?rgﬁ g devi ce is
il lustrated iflegubfay idéntifiddtien (REI) a4y, Chile serdoniB1Qichgtheftifdre ikQfdeaficl udes a

mechani cal transducer, such as.a vibratqQr 1204, that oscillates a shaft
1206 back andm?CEPSaﬁ‘?raf‘P@e‘inﬁd4%‘“?98 @rélgFIQttagldf‘k@ﬁ@nsgh}ﬁltO@ng vi brat or 1204

and at the otfgriens dadsir RIRRYSHE J:iabsmeuzule’m 230ARIIRH 13 140wRRERGS the
forced-transfer menpber 110 of the device 1201. The rechargi ng uni 1200

al so i ncl udesingludmaprotessprf apnyest $R0X 12d o pt adsd covplhdiodhatrafedéroe! iransengagenent
with the yjbrator ur i h ing period. As shown, a syringe is
first reir/r(%)ve twscg I%ﬁgﬁc{%ﬁ{ékhc%%of%%%gé%{ﬁy can be oscillated through the
magnetic field 15 Ipsatuenbaiiaents |tiecdevice &dchales smoiter atimbhene®) ducilée The

resulting curgent can he fad back intqQ the power] source 106 through a power
condi ti oner 1 icg_plaqug}%@\%;}ted@&ﬁgﬁetaip Hara! PP c%f:#"? Wﬁlcfé‘%%i"?e‘tsor nmore of a

rectifier, a M&hﬁt@gﬁ%ﬁwyﬁcﬁta@%,gaﬁ 1504 ERrbe pré¥idbddo Exﬁﬁbgr;ﬂisiﬁ% #RiahimafS Shown,
the magnet assenbly 105'is coupled to the housi ng 102 't hrough a nounti ng
1211, such t hB02iduengridepificatiemendritosagex e oantmalird 3i & alpetaceives aiepUiovi ng coi |
assenbly 104 ¢ JRGCORLT 941 RGN obeiillorbabdiaNSHLLARY L r ansf er devi ce
l ends itself To "automafic, or robotic Injection. First, a forceful

needl e- f r ee i Wpeification awe ywelght.uB@txtmplej mgrewth Hohmaonegioutdie aghiimsterkd &

biologi cal - bogdy,  aienft bika b8 18 ldetifhchubl bt ibd® ©F @
In some embodiments, the system also includes a communications interface
1320. The communications interface can include a wireless interface 1322, such as
20  the wireless communications interface discussed above in relation to FIG. 1. Thus,
the system can communicate with a remote user, processor, and/or database.
The operational features offered by the dynamically controllable Lorentz-
force actuator support numerous and varied treatment options. Combining both a
forceful injection capability with controllability, the same controllable needle-free
25 transdermal transport device can be used to deliver varied injections. For example,
the device can be used non-invasively to deliver intradermally into a surface layer or
the skin, between different biological layers (e.g., along a cleavage plane), or a
subcutaneous injection administered to the subcutis, a layer of skin directly below
the dermins and epidermis. Non-axial needle-free injections are described in U.S.
30  Patent Application entitled “Surface Injection Device” filed on February 10, 2006
under Attorney Docket No. 0050.2093-000, incorporated herein by reference in its

entirety. The device may also be used to deliver an intramuscular injection



| arge mammal , such as a cow. As the injection is needle-free, there is no
chance of a 25 needle breaking within an animl, should the animal nove
during the course of an injection. Further, because a forceful needle-free
i nj ecti ONO24PF/4$674cconpl i shed in a fraction of a secoRET/VHE0APEUEI on of
time during which an animal nust remaiR, immobile is greatly reduced. Thus,
a nere bunp of a nozzle on an aninmal conbined wth a nonentary rel ease may
occur in such a short period of tine, that it may even 30 be done while the

animl is nobj : : = i Qi ign :

adm ni steri nga%ﬁé%éﬁftﬁ? gié%hé%%rs%ﬁg t(ga gsnggés?% agr?égﬁ#g&éﬁlé)gg?lrgrﬁng ée illustrated
in FIG 16. Ted tsysiveninirachoebdsiuaion@iRipisering 6 dng BETiusrote/ 005043 -29
needl e-free Hﬂa‘?%%ernal t ransport device 1306 disposed at a distal end of an
ext endabl e aPiPE36F" "Bt oxi mal end of the arm 1304 may be connected to a

rigid nount, suchaAasxénil@sbpsiicafisrofoRine3fify a Aibstencdntolsd katohicabjoiidisbe
provided to _identify_an_anjnal, pr%or to adm nistering a transdernal

t r ansf er . 3 FoillustkatphindIGy e 45 Partirpaf 2 fupn kngs 1400dp shawvnaas andgsmple 9f dig nar k

1312, such agyRvRafoifq46. LR%YiafoiRdh® nflh&IUSAEYud ARANUDE wRLh AN (RFID)
tag. The sensor 1310 can therefore include an interrogator adapted to read

a bar-code oromEngl nsige th¥lieyneenld orembeag 140 o ljeint capanisddr seme t r ansport

devi ce 1306 ar ot h . t.0. a C . I .Jnclude a
processor. A Sagﬂvr\‘g tts?o‘%?%%@gtfég%egtaaﬁ?lg%gng%{ljnp%eh%%%%o%%ﬁe‘h?? g‘??s'%rehrlgrral transfer
10 devi ce 130&uirby Dietptivél deapdnjiectinl adso ptidtrbting the Spiowiat meadbrareid84. t he device
i ncl udes _anot her fSni maL sensar, such as a Eorce | ate 1318 adapted to sense
a physicd p&'gffé? 1. 31ch A BUSCHPRERTUIETAIHE U of fateer gayggthecdlss YArYET such as a

gate 1324 cameRfinPsrd¥aled of theSidbdi@biNfoROwtdly, M 1biper &RMERL neclRAcnddyr | N9
identification and dosage. The controller 1314 al'so receives an input 15

fromthe sensoincEasgairid gsaaniartds the pabeigsiopercontreligblsd on t he ani mal
B L e
I n sone enbodeliesnihg a stiseansy BtiénNasly, hachhstiase B 1datoedinceaytingesi40diser f ace
1320, TS sSOTMILSALbELS et a0 can. peLude, 8 Vireloss jpforface 1522
relation to FRiketinka strBats 14 16N tiseysub&ance aldng 8 BRAIEHt Giak Pathith B desile@ aBYte User,
processor, and/or database. _ o i o
Thus, the stream 1416 can be directed to the interior region of the joint 1402
piercing the synovial membrane 1404 and delivering the substance 1418 with less
pain and without bending.
20 An alternative elﬁbodiment of a controllable needle-free injection device
1800 shown in FIG, 18 including a bellows 1802 forming a reservoir therein. An
electromagnetic actuator 1825 either compresses or expands the bellows 1802,
depending upon the direction of the electrical input current. A nozzle 1801 adapted
for needle-free injection is in fluid communication with the bellows chamber 1802
25  such that a formulation stored within the chamber 1802 is forced through the nozzle
1801 when the bellows 1802 is compressed. The nozzle 1801 is generally held in a
fixed relationship with respect to the stationary portion of the actuator 1825, such
the bellows is compressed between the movable portion of the actuator 1825 and the
nozzle 1801.
30 The bellows chamber 1802 can be configured for quick and easy removal
and replacement within fhe injection device 1800. For example, a bellows chamber

1802 can be inserted into and removed from a side of a housing 1810. The housing



The operational features offered by the dynam cally controllable Lorentz-
force actuator support numerous and varied treatnent options. Conbining both
a force al ion capability with controllability, trol | abl e
need| e-fwez@@bﬁgnsder mal transport device can be usedf’?gmg%lq??/%rgﬁvari ed
injections. For exanple, the device cahl be used non-invasively to deliver
intradermally into a surface |layer or the skin, between different

bi ol ogi cal layers (e.g., along a cleavage plane), or a subcutaneous

i nj ecti on adni&idsteinebidt e ntehimnalfasteies thahsdeargethe bbllokd ahaiberd802 1o thel ow t he

derm ns and epi.derm.s. n-.axial needle-free Lnjections, are scribed in
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ebruary : dnfidered B e/ congidadnt i h efCoOr por at e
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an i nt r anuscuhBymatielcr ibaidine o R B BRESE PeilasyReB Po sy AR ate30 _
adri ni st 13 N, UBHLARGBICAHIE Sy ol OhlsCigTH Ak Bl rkado L her, the devi ce

may be wused to I'ver IntravenoUs infusion admnistering a.drug directly
into the bl oodst rWaile thisdneentien has beenaparacudariyl shoyn appddserittedovithf or i nj ecting a

substance intgo.an anatom cal j.oi.nt | 5 4l rated in. FL.G 17 portion
of 2 hunan krieE a0t reteral et DetersSuerehs 1 AT b BB Y s ipedt b2 '
sKnovi al joi Initn tﬂéﬁngthbnmhudmmge«ﬁrsfmuana Hethith rfl&l;(&mktieqheréiﬁ withewt ai ned i nsi de
the "synovial® nenbrane 1404, or "joint capsule. In sone treatnents it is
desirabl e to GeRpRBE TomsthpsioRs gthF VG“QWWQ%%%?Q by |thy appandse clawps. s requires
a relatively deep injection also penetrating the synovial nenbrane 1404. 10
Heret of ore, such an injection required the use of |arger gauge needles to
prevent bending or breaking of the needle. Unfortunately, the |arger

di anmeter needle tended to increase pain and disconfort to the patient.
Using the controllable electromagnetic needle-free device, it is possible
to acconplish such an injection delivering a substance 1414. Nanely, the
substance 1414 stored in a syringe 1408 is 15 expelled through a nozzle
1412. A narrow jet is formed by the nozzle 1412, directing a stream 1416 of
the substance along a straight line path to a desired depth. - Thus, the
stream 1416 can be directed to the interior region of the joint 1402

pi ercing the synovial nenbrane 1404 and delivering the substance 1418 with

| ess pain and w thout bendi ng.




20 An alternative enbodi ment of a controllable needle-free injection device
1800 shown in FIG 18 including a bellows 1802 form ng a reservoir therein.
An el ectromagnetic actuator 1825 either conpresses or expands the bell ows
1802, depending upon the direction of the electrical input current. A
nozzl e 1801 adapted for needle-free injection is in fluid conmunication
with the bell ows chanber 1802 25 such3that a fornulation stored within the
chanber 1802 is forced through the nozzle 1801 when the bellows 1802 is
conpressed. The nozzle 1801 is generally held in a fixed relationship with
respect to the stationary portion otpisisactuator 1825, such the bellows is
conpressed between the novable portion of the actuator 1825 and the nozzle
1801. 30 What Bedlaimgd isshanmber 1802 can be configured for quick and easy
removal and replacenent within the injection device 1800. For exanple, a
bel | ows chanber 1802 can be inserted into and renoved froma side of a
housi ng 1810. AheetieisdengyanderZ(dD 8w/ desT (1082 AOOLHANTOABg a 3dbsidatéd can

i nclude a mechani cal fastener that secures the bellows chanber 1802 to the
coil assenbly %%ﬁﬁ?SF%?”ék%ﬁﬁﬁéP“ﬂW@“ﬁée FinRIS!F&ast ener can include a bl ade

(not  shown) confi guredydip(1RYRFSRnE AERLEAR{Eary notch in the bell ows
chanber. Alternatively or in addition, specially-configured bellows can be

used that are 5 axiahdzgleddbiriefyidxlommunidagobwiithgheotehaveir;sadrigid in

non-axi al directions, ile this invention h een particul arl. hown and
fonerbad witne v ororebllebE sl BmaliE Bl ot RoR B nisptof bith fF b
under st ood by feb@seir gKi3), lcBstactiiizddns the dctididticomprisiags changes in form and

details may be made therein without departing fromthe scope of the
i nventi on enconpasseyatifpapheagnspddbessemnily providinga magpgtigdicldysad i s cl ai ned

is: 1. Aneedle-frege.t t of: ' ) ring a
subst ance across é?g%[%%@ﬁﬁ??&@?,giﬁgﬂgp%¥%§¥%gﬁr%%%§tg@%%@%éﬁﬂgﬂﬁz
reservoir (1133ssémbslysthercoil@sdehblys (ilfid} sxeieingaannsectdieal (ripld hnd perferating in
comruni cation with the_ reservoir; . and ﬁ contrgljable electronﬁ%nﬁlic
actuator (125) repgpné%ﬁ]ﬁgfﬁec%ﬁr;eé?prmrtghtot g received input, the force resulting from

interaction of an electrical current within the coil assembly (104) and the
magnetic field (105) and causing a needle-free transfer of the substance between
the reservoir (113) and the biological body (115); and.

a servo-controller (108) in electrical communication with the controllable
electromagnetic actuator (125), the servo-controller (108) providing the electrical
input, the force generated within the coil assembly being dynamically variable
during injection of the substance according to variations in the received electrical

input.

2. The device of claim 1, further comprising at least one sensor (116) in electrical
communication with the servo-controller (108), the sensor sensing a physical
property and the servo-controller (108) generating the electrical input responsive

to the sensed physical property.

3. The device of claim 2, wherein the sensed physical property is one or more of:

position, force, pressure, current, and voltage.



reservoir (113), characterized by the actuator conprising: a stationary
magnet (105) assenbly providing a magnetic field; and a coil assenbly (104),
slidably disposed with respect to the nagnet (105) assenbly, the coi
assenbly (104) receiving an electrical input and generating in response a
force corresponding to the received input, the force resulting from
interaction of an electrical current Wthin the coil assenbly (104) and the
magnetic field (105 and causing a needle-free transfer of the substance
between the reservoir (113) and the biol ogical body (115); and. a
servo-congrol | e (A& of Slaih QCtiticeR| cofPPBMBI £ AR BhnitunidBosOMHdreick abl e

el ectromagneti c actuator@ﬁlZS) the servo-controller (108) providing the

el ectrical i n@ud) int Hectrien! cemgumisatioravithi thicontecler €I8), taggewmlger bEI8h g

dynami cally va g t sub a

variations in ?@%ﬁe EIVéﬁa%F C%E&x%%%n?&%h 'ﬁ%ﬂgﬁgnﬁgggggt@ﬁgﬁn1l
further conprikfgnat comashicanensiawsade (( 18)6) i n el ectrical conmunication
with the servo-controller (108), the sensor sensing a physical property and
the servo-controller (108) generating the electrical input responsive to

the sensed. phyoheabid SREIAVY, il REmBSYhee BlalfleR (067 autlEr €/ abheq sensed

physi cal property Is one or : tion essure, “current,
and vol t age. %pldcolréheddmm ﬁe wny,cthasafrvdporfttmmhelm):@dqptadsmrpgoxadermemt e
comruni cati ons i terfa gﬁ%llB% n elecfrl onnunication with the

control ler (10%§¢ “FH&‘ PYISH&Y ngﬁg ing the el ectrical input

responsive to a conmunication received thr ough the renote communi cations
interface (118% 5. The device of claim1, further conprising an analyzer
(706) adapt ed The devageyofeclaim lsavmeenéhﬂqc)@@olé@lef ¢lestramagnpideigctuatere(125) is

ser vo- cont rol | gy (0% 3gapkAds L QROYEAS £lRniSl 601 o8l UBHbaLEsRONS! ve

to the anal yze sanple vice o ntrollable

el ect romagnet i g negativafaece fed@mpivie $o a bdcofld eleaticadm@ut. generating a positive
force responsive to a first electrical input and a negative force
responsive to a second electrical input. 7. The device of claim1, wherein

the el ect FOMRgRRL lqeyiBE lfRlafh 1§ LoRdreih HhE &FectBRag MR SIANES D5 HbeshB0z2l e

producing a jet having sufficient velocity to p| erce the
substance through a nozzle producing a jet having sufficient velocity to pierce the

surface of the biological body.

8. The device of claim 1, further comprising a rechargeable power source (106),

used in production of the electrical input.

9. The device of claim 8, wherein the controllable electromagnetic actuator (125) is

adapted to recharge the rechargeable power source (106).

10.  The device of claim 9, further comprising a releasable mechanical attachment
adapted to recharge the rechargeable power source (106) using the controllable

electromagnetic actuator (125).

11.  The device ofclaim 1, wherein the device is adapted to provide a plurality of

successive independent needle-free transfers.



surface of the biological body. 8 The device of claim1l1, further conprising
a rechargeabl e power source (106), wused in production of the electrical
input. 9. The device of claim8, wherein the controllable el ectromgnetic
actuator (125) is adapted to recharge the rechargeabl e power source (106).
10. The device of claim9, further conprising a rel easabl e nechani cal
attachment adapted to recharge the rééhargeabl e power source (106) usi ng
the controllable electromagnetic actuator (125). 11. The device of claiml,
wherein the device is adapted to provide a plurality of successive

i ndependepi negll @evfld’ee§fél£1ﬁ1n$f %@rem B~ redetvoirl RI efHe%zQL Gh@ g thé"’her ein
the reservoir (113), the nozzle (114), and the control ectrlca

act uat or ( 125)coatrellabddlestachl mauatopﬂﬁﬁ)mbeomhmndhrm;pmitabiﬂ hand liéid uflihe devi ce
of claim1, wherein a rise-time of the generated force is | ess than about 5
mlliseconds. 14. The device of claim1l1l, wherein the reservoir (113) stores
a volunme of abpyst d30Q ofdl&ikP1] Whekm atria@-umr@fembegengra&uf fok &l RMessl thakot h

magni t ude and duration to transfer the full 300 mcro-liters or any portion
t her eof . about 5 milliseconds.

14.  The device of claim 1, wherein the reservoir (113) stores a volume of about 300
micro-liters, the force being sufficient in both magnitude and duration to transfer

the full 300 micro-liters or any portion thereof.





