| ONTOPHORET! C DRUG DELI VERY SYSTEM FI ELD OF THE
I NVENTI ON [ 0001] The present invention relates to the

WO 2@v82@B9 devi ces and systens for delivering dpCyEsS1008/073292
nmedi cate a patient, and nore particularly to an

I ont ophor et { ' OF THE
INVENTION%FHgHQ?ﬁﬁ%gﬁtgﬁgﬁﬁgﬁﬁﬁﬁgnggrug ellTvery
system lontophoresis is a non-invasive nethod of
propel ling charged nol ecul es, normally nedication or
bi oacti ve-agents, transdermally by repul sive
el ectronotive force. By applying a | ow | evel
FIEEDOFTHRINVENTHONtO a simlarly charged drug
solution, iontophoresis repels the drug ions through
the skin to the underlying tissue hi contrast to
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delivl{ §ftenyel y absorbed through the skin. [0003] An
el’ectrode drives charged nol ecules into the skin. Drug
nol ecul es with a positive charge are driven into the

BAGKGROYNPOBTHIE INNENTHON nol ecul es with a negative
charge are driven into the skin by a cathode. [0004]
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[0004] There are a number of factors that influence iontophoretic transport including
skin pH, drug concentration and characteristics, ionic competition, molecular size, current,
voltage, time applied and skin resistance. Drugs typically permeate the skin via

appendageal porés, including hair follicles and sweat glands.

[0005] Iontophoresié has numerous advantages over other drug delivery methods.
The risk of infection is reduced because iontophoresis is non-invasive. Also, iontophoresis
provides a relatively pain-free option for patients who are reluctant or unable to receive
injections. For skin tissues, drug solutions may be delivered directly to the treatment site
without the disadvantages of injections or orally administered drugs. Further, iontophoresis

minimizes the potential for further tissue trauma that can occur with increased pressure from

an injection.



[ 0006] An iontophoretic drag delivery systemis
di scl osed. The iontophoretic drag delivery system

w0 p@baekas9 el ectrodes controll ed by a m cropr ocEEEUR2008/073292
controller to drive charged nol ecul es through the skin

L At j atient. The iontophoretic drag
SUM@%@EE@&%Tf i ncl udes a wirel ess signal

recei ver connected to the m croprocessor controller.
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configured in the shape of a generally | exi bl e patch
ad,

frequisnty, dulatiom end tevelef vokpge arpligd.jacomroiledpy Fhegpicroprocessor. A
adhesive, hi one enhodi t e edges of the flexible
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maintain the integrity of the skin-patch boundary. A
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contain different various nunbers of drug reservoirs

to mipeindhe pteguitnof the slgameich dlosnrdary.c Atlpwar taclprhesivg is provided
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charged solutions, the systemmay include a reservoir
whighlcharger drag partieles ﬂmnﬁﬁﬁési tely charged el ectrodes.
Where nul ti ple drags having the sanme charge are used,

th be ei ther . mxed i e | .
or PR AR el o s P Sl ARl
iR PEEdhY FosvEied dPERdIIAUPADthe particular treatment. Where a single drug is

being delivered, the system may contain a single drug reservoir adjacent one electrode.

Where a treatment requires two drugs that have oppositely charged solutions, the system
may include a reservoir adjacent each of the oppositely charged electrodes. Where multiple
drugs having the same charge are used, they may be either mixed into a single drug
reservoir or placed in multiple drug reservoirs each adjacent a respective electrode having

the same electric charge.



the sane electric charge.[0009] The size of the

el ectrodes may vary in different enbodi nents dependi ng
wWaip@a/02d189 st rength of the electrical current nRPEHEs2008073292

be produced in order to drive drug nol ecul es of

varj I zes Lpto,a patient' ks . .
exPEIET 88 ol RrB Rl ey Rl Pl Wepending
upoliHe's@Rh 86 OF R lclcchithl @frenafidbdadicsugrodiiced &t bidehedirdr drug
lo%i;SIte sides of a flexible sheet. The el ectrodes,
moled

op vedeussizes et patist’sskitant enna are el ectrically
connected utilizing conductive silver ink. Through
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paranmeters. [0012] Other objects, features and aspects
systefi using condustive esment.l | becone apparent fromthe
foll owi ng detailed description, the acconpanying
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particularity 1n the appended clains. Th
othet patéemt bodrug tisletely rehadedkpaametorst h as to its structure
and operation together with the additional objects and
advant ages thereof are best understood thra e
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clails.scl oses an expl oded i sonetric view of a
i ont ophoretic drug delivery system [0015] Figure 2
di scl oses an isonetric view of an iontophoretic drug

BRIEH PESCRIPIEONOF [THHE HRAMNGS 3 di scl oses an

i sometric see-through view of an iontophoretic drug

del | ve syst 001 Fiqures 4-14 discl.osg,a.progce

of [qulﬁank{lﬁa neyeﬁ Enqj]i[[qrpsy&)}abqre g?ps?cgeﬁ?doé}%arc&nis C 8$t&8 iNVeREER Bre set
forth with particularity in the appended claims. The invention itself, however, both as to its
structure and operation together with the additional objects and advantages thereof are best

understood through the following description of the preferred embodiment of the present

invention when read in conjunction with the accompanying drawings, wherein:

[0014] Figure 1 discloses an exploded isometric view of a iontophoretic drug

delivery system;

[0015] Figure 2 discloses an isometric view of an iontophoretic drug delivery

system,

[0016] Figure 3 discloses an isometric see-through view of an iontophoretic drug

delivery system;



delivery system wherein: [0018] Figures 4 and 4A

depict a printing of circuitry on a primry conponent
war@e/nafi3a | ayer; [0019] Figure 5 depicts a dePpdBUS10081073292

of dielectric material on a primary conponent side of

CI ; @“ﬁ] rli)g%ozgjl s%ﬂ)r € a@ro%%?s' SFLeS: ‘n?ng bl 9&1{19 %roﬁfn iontophoretic drug

onen

delive8diteinl FUERIn{ depl cts formati on of el ect rodes on a
secondary conponent side of a |layer; [0022] Figure 8

depicts a deposition of dielectric material on a
secl0fth]rBigaoapendhd dspidea pfinteng ca”ycermn[yamzaegrnmrg gpmpgnent side
a(é icts a filing of a through hole in a layer; [0024]

of ?gﬁre 10 depicts the attachnent of |aser cut foamto
a secondary conponent side of a layer; [0025] Figure

f t #
Sec@@gdffi}g%l‘g r?p (%hféﬁstd dskﬁigﬁflo Bf;&f"%s%r% 1'?{?%1%% o glaarr}é ccirgponent

sidelef layes; a deposition of a conductive epoxy on a
primary conmponent side of a layer; [0027] Figure 13
depi cts a placenent of conponents on a primary
con@8riigwedalepictsa nayise of poRy orpgesmday cegmoa%t se of a
1 deposition of an encapsul ant on a primary conponent
¥4t de of a layer; [0029] Figure 15 illustrates a

corrpl eted primary conponent side of a |ayer;[0030]

g‘ﬂbﬁ 18 1hlje|7l&bfc%tf§§nﬁloﬁcﬁmle%&§&sS)%(hosféG@{dél}ﬁ&lﬂﬁﬁﬁl@ﬂﬁ51de ofa
e of a“layer; [0031] Figure 17 illustrates a side

layar; ew of an iontophoretic drug delivery system [0032]
Figure 18 illustrates an adhesive pattern on a

d t side of 19
i e SR T S B
con{b%ﬁélﬁ%icfemf %%}%E,ag

[0023] Figure 9 depicts a filing of a through hole in a layer;

[0024] Figure 10 depicts the attachment of laser cut foam to a secondary component

side of a layer;

[0025] Figure 11 depicts a formation of drug reservoirs on a secondary component

side of a layer;

[0026] Figure 12 depicts a deposition of a conductive epoxy on a primary

component side of a layer;

[0027] Figure 13 depicts a placement of components on a primary component side

of a layer;

[0028] Figure 14 depicts a deposition of an encapsulant on a primary component

side of a layer;

[0029] Figure 15 illustrates a completed primary component side of a layer;



reservoirs; and [0034] Figure 20 illustrates a side
view of a button for manually operating an
WO eowwopdier eti ¢ drug delivery system DETAILED PCT/US2008/073292
DESCRI PTI ON OF PREFERRED EMBODI MENTS [0035] Wil e the
nd descri bed w t
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underst ood to those skilled in the art, that various
ch
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|nvent|on [0036] Figure 1 discloses an expl oded

| s QomY Fgu‘x‘é eQVIRktraBs APAheahOp&teE onls Wetoll@hrly\¢Bmponent side of a

system 1 System 10 provi des a non-invasive net hod of
layepr opel I i ng hi gh concentrations of a charged substance,

normal |y nedi cation or bioactive-agents, transdermally

r epul sive electronntlve orce. |laon hor

o) PrayeiSustene oaoehaeRs trgdrhERy Sien haftht three drug

ﬂgr lsl er 12, a battery 14, an antenna 16, printed

I"exi e wiring 18, an el ectrode 20, and an el ectrode
22. Drug reservoirs 24 are coupled to el ectrodes 20
ango(33] Fidues20 Desat20a sidelvid® aacbutton orrmasnilpopsralég an
are contained in flexible layer 26 that confornms to
iontephergiistdreheelyeBot§terh the area of application. Layer

26 and | ayer 28 are bonded together to seal and

prEARER DR T BRI EnpEmithA TSy,

construction and configuration shown is an exanple and

nogO(BgL SRdRdn %vgﬁtléﬂ s Bobé}?shomoa%a]de&?ﬁ)@@ lGiﬁi’[h]r@ference to a

pr ovi a wreless capabi for system 10
partimrmmmboxhtnenummbobuthaﬂ bexmécmt@bd ﬁempmﬂllddnnahﬁ art, that various

exenp ary I ment, na 16 y. RFEI o
charigy PR 48 DRG0 RB0 b BHG DB SRUPTAeBSHR S Ph e gpiit and
i ice, or anot her wirel ess signal receiver.
SCOp%noerllﬁeﬁg%lr%%ir{ray function as an RFID antenna or can
recei ve signals from anoutside device through
Capees6| Figre DUftiosd. anAnrpldedisttietvial sHaib E)ntnphbie@u dedg
in the shape of inductive coils in orﬁe({ﬂ%% elveh
deliirg Aysta oS em d UPE des dapREBVSHESUEOT HERICPTIIES hlg
s,
con & ] s iRl BERE, 7'
trangeaaltl y ﬁebu]mvh h:lactrnmenveaifouar dantopharttee drkg deldomy aystémd0

surface of |ayer
includes a mlcroprocess%;r controller 12, a battery 14, an antenna 16, printed flexible wiring

1ese

18, an electrode 20, and an electrode 22. Drug reservoirs 24 are coupled to electrodes 20
and 22. Electrodes 20 and 22 and drug reservoirs 24 are contained in flexible layer 26 that
conforms to the patient’s body in the area of application. Layer 26 and layer 28 are bonded
together to seal and protect microprocessor controller 12, battery 14, antenna 16, and
printed flexible wiring 18. The construction and configuration shown is an example and not

intended to be limiting.

[0037] Antenna 16 provides a wireless capability for system 10 to communicate
with other external devices. In an exemplary embodiment, antenna 16 may be an RFID
antenna, a blue-tooth enabled device, an infra-red wireless device, or another wireless signal

receiver. Antenna 16 may function as an RFID antenna or can receive signals from an

5



Hi gh-tack adhesive 30 extends around the periphery of
| ayer 26 and secures the outer edge of system 10 to

w0 b@ski1so of a patient. Hi gh-tack adhesive 30 PGT/USHI8/073292
to prevent noisture or physical force from peeling

system 10 off of the skin of atient. Lowtack ..
ourSin S RrdisBeh e aosimen afbar i ApERe 5o alysetinshe shape
of thducBve bOWAE Ardth tdreE &SP Sighalt okt Jutdle dvide (RANEE intRictive

30) to mmintain contact between system 10 and the skin
coupfing.he patient. The use of |owtack adhesive 32 nakes

renoval of system 10 fromthe skin of a patient |ess

pai nful , while the high tack adhesive 3 rqvid
st rlgAdHrA B%&hda%ad_ilﬁs% il bariRosh 6P g G EOFSOH YR dadag e low-
tac RiHEsiV Q3 P L4 VJi%lflﬁ 1R9ntBfnat HEa 66GE sBh cOYBERIP hPek of layer 26.
exposi ng system to noisture. A preferred type of
Higadhdsddhesife30 duiteytils taamind dlikhessiphiery3d laysr 26 sid $ecoree thrasser edge
adhesive that is rapidly cured wth an electron beam
of sy TN O eIl 2 IR e Ehigfyeck pesivhabls Jaeq 1§ FRgyent moisture or
4 r ' | Lt dAheddPe 32 i
D e P e B oy 2.5
placeddit tire inteflalianz ef lafier 26 edswandf witheesprctitp. thehighdack gihesive 30)

el.imnates, .any interactio et weep,.the.drug., and
0 TR HB QR S et TR S S IR fan T Pifaddow-tack
adh $) ¥8ResTBYoNAVE sReSh 16 ofAE BiSin @ 2 Pafer®llesd P@inful, while the
' bs/in. Adhesives wth stronger or weaker pee

higls tacle ndjteivive Al prayedessedngsrbandipg eicthe pOpen08YYre Al is arededanost to

| a .34 ..s placed over,.adhesi.ve 30 a 32 rqte
prov king ot 4% BeB S5 -TE L0 A UGRHYE st 26 ¢ PolsfuBL Ruieleped
typd SS4dnBivfor hizhheddAdngsisy SO & slkcdne bhdd agésiveathatds rapidly cured
patient. Layer 34 nmakes sufficient contact with

Witlaﬁl’lnelsq:tm tBomand) 6 radiaiono PaefPrahlys ths adhesivpyis natpresenphgiiveen the
e YR8 dpt IR 5 0 o5 O3 huRE Sl VTRl patiorse

I'S Coa

andRASEU1ched 8 Sde0af thegiri® SR €0 tlainates agpintdrectipmeieteleen the
of f w thout degrading adhesives 30 and 32,

. : [0040]
drugped ylesive wgirvo| Te colcdemaley wehndimeiddhgieadnesigrsgaay have peel
reser r [ : . ' i
s GRS RS9 S ARET ARl S Bt DR oo o
witlp§step@do.or nenbrane to which the charged drug
nol ecul es contained in a solution are applied or

injected. By inpregnating a gel pad or nmenbrane with
chdfg4 Arrgéawdasee@ #asplagadeovehadhgeiye 3¢ ael Ablorigiessadhesive 30

bl e, t. di. | - i ent’ .
and 2 30k R P B i L RBERr ' Sl 5t o B sinof
a pRIBBO diaeNi4 meltdd GuffRSeH v@itaE wath adhesiee IDOMLB to@ldiagenss to

to support the function_of electrodes 20 and 22. By
systesaki Onghidir allg Wi e Pses te easfly pagldayer 34 off of system 10. Typically, layer 34

is coated with a silicone based release coating to ensure that it can be peeled off without

degrading adhesives 30 and 32.

[0040] Charged drug molecules are contained within drug reservoirs 24, which faces
the patient’s skin through an opening in layer 26. Drug reservoirs 24 may be a gel pad or
membrane to which the charged drug molecules contained in a solution are applied or
injected. By impregnating a gel pad or membrane with charged drug molecules, the

charged drug molecules are not able to readily be absorbed into a patient’s body without the



a conductive medium system 10 can function with a

| ower anount of current, thereby extending battery 14
\thmnmand)reducing the anount of current put iPCDUS008/073292

patient's skin, of which a high anpunt of current can

opeg%}bcl%%é Iﬁ r8t|rt %}s {28 i q gﬁ( Pcald %%boldq%,nﬁ Sdrgé re%%v'gﬁ' ?gla%gat c%%ductive

medinfh t8 SuhortvBe fletiGhes é]&drodéélﬂ) a0l 20 B emabitg dafg deetgoirs 24 also
reservoirs 24 into the skin of a gﬁtient. Where t he

a cordyetfveanedion, sysigmukfleeandfug@ion wifea meh amAUR oA CRITEH REreby
o R B Bl B0 K Rl e o
which @'l}&g}ﬁfmddn@ 8f dufrehh@niatfecikithort. hB}tpléalllljlﬁthB eblation fspﬁjested
unli ke poles attract. lons, being particles with
thrcpxgbuamovent@rﬁag TeeqyEeirs/ 4. crlsptaslen @ al@(bg%mﬂ@dthp ﬁh@g@%@mg
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rect electric curren I vat es

incRliecd gdl) die dAQ iaithiCRmaniyossmixed twith thepeitrhairix cinedsogether and
W th negative charge, are repelled fromthe

asseraljed H\‘?%IW syferded el ectrode. Positively charged ions
(cations) are likew se repelled fromthe positive

el e . .The electri cury ent
b o B2 A ML B gt e ths i
olé’é’eﬂﬁldt ti¥nDbeinp Rartichaiwit Lpd¥ie ok @ n6gAe chitge Si@ 18pelled into the
barrier is proportional to the current density and to

skin beamidoutinal eHargs the elensodaplpen over ibWéheny @Efﬁhel@ﬁélc current

actlg?ﬁe%%}&%?dgg(z (P%ZI, Igl%l% rf/t(l}é R0l &% egHeSF@C Ogéaﬁge %Iéarge are

repéi%‘&'ffcﬁlﬁjt}féufegﬁ%lysdhﬁfgégtehctrsdd momheehyan@gedafon@(@unnsa apd
er square inch of electrode 20 and 22 surf

hkewwesremngdé‘lfwn deperifvneleairasiel b desidenl pupert dEyes KRS a?fgolégh the
_ skn%ﬁgg ﬁ&hfl Eg{@%yg&%kf ﬁsswle[y ¢he gﬁd'nﬁgﬁéf i6fs ﬁﬁ?tdalg ﬁ}aﬁé % LB the

concentra rrent
skiff b'z[rfl@rrit; ptopottidaalto @iy curtent dmmtjo endrortke amovntfod tinsthe ctﬁlmnt flows

the patient, as the current dens;it be nsed
threuighitke SOERE, Creyend Spnsty de 7t graacley the girdnetl felpsthg figidand the
f fur f [
ceBEHB5EE, WIS AR B8 LRI TPl aBAF Il
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exenplary fle S Ver, uctive
Pl TSR G BOE ST FoHTAL: BRrend Gua g he
cunre?lﬂéﬁ i tHé Elﬁ‘l‘éﬁt 1sstb(!> MBh), GOREVEE bR Rk mibrtdbld ot B faBiBRtSas the
i ohns per square is desirable in order
curtent dlmmreymuyfossemed ascamirstapt. t o drive drugs into the
stratun1corneun1 The ink may be silver (Ag), for
,_and may be printed, _ .

[n1342] Electrodes 20 and 22 and t?emble printed wiring 18 are preferably made
from a flexible material that can bend with layer 26 in conformity to the application area of
the patient’s body. One exemplary flexible material is silver conductive ink with resistivity
of 8 to 10 milliohms per square. The resistivity of silver conductive ink within the range of
8 to 10 milliohms per square is desirable in order to have sufficient current to drive drugs
into the stratum corneum. The ink may be silver (Ag), for example, and may be printed
(e.g. by screen printing or gravure rolling) onto layer 26. Most commercially available

silver conductive inks have a resistivity in the range of 14 to 18 milliohms per square, which



(e.g. by screen printing or gravure rolling) onto
| ayer 26. Most commercially available silver

weoemwdediB¥e i nks have a resistivity in the ranper/vs2008/073292
to 18 mlliohns per square, whichlimts the current

. gvailable to {he druas
i AR Bu T b DB Y BB oces 20
and 185 BeforHaCh)silvh0@d&]deShgt®m 10 i ncl udes two
el ectrodes 20 and 22. hi a particular drug treatnent,
the charged drug nolecules will typically have one
chaf0g43] Systesy 10imbipdentavoaflcatiodes 2baiels?22 0n @madizubpadrug treatment,
lLecules.into. the s

the BharE AT S UL S IR S PP st d TR AP b S Rfrodes 20

or ﬁQ:' ﬁ‘aﬁlvg thel hiBed BRIRASIERINS ifitoSthé Bkih Sf fePRLiéHTE The electrode that
erred to aS an active electrode, which is coupl ed

drnws the cﬂha@d demencletulesiato the patienit’y ekialieemesiares rofgred & as an

S s AR LB R TR B s o

coug}éﬁrtg aﬁd@%s&«dlwzm&ﬁma@g&@ cHe g withl R 4ttios ciebirodd foe creating a
atient's skin. In other drug treatnents, the

currsot for domisg charged q’rnug qnaderaiegéefodhapptiont ek cB1 oths dg featments,

ositive at |
e GO BBt AU B EPELRS Dyl S BB APl
chafgsPliethat &ampl! BéthcRBE6IRIake etive [ottddes hd bathyarelcagpled to a
treatnments, a S|ngle drag is used. However, it is

drug ossaonitt2dr t he efficacy of many drugs to be i ncreased
by conmbining their delivery with other dr ags Thus,

S A o B RS I L L 2B 1
the Efﬂotabybﬁngr[}“&ugﬁb e Hh@8asBaY e célﬂ&nﬁﬁgrfﬁelp héarveey witheser drugs.

be conbined into a single solution and
Thtm;e*yswm ie(blmhy bercanfiguragl te delivey mlé@lelﬁ\t/mes obeharged dpgaolecules. In

o RS BSRE o A L o 8 06 108 P

conHihd ey mﬁ%lé@ﬁut@dn add qélitéred eoin @Is{ﬁglte ldt'dgaﬁsermﬁ o, pIrBother
el ectrodes 22 with nultiple drag reservoirs

cimegets Whare B GUETES (5 SoAeRBALE o "R Ork delivered to
o 357 BT S SO0
druf R&kFvoire S afly ibe @sell. g case Where pladré errettwo klmg@ lhevmg molecules of
enbodi nent, drag reservoirs 24 ar I hydr o-
0pppslteapolardyv&mﬂéelﬁ%§i@a 2Qand 22 pig Pé%g “@ﬁ% IS g§5
deh&%ri@% 2l rg‘spgélv @%25 H}‘Eﬁ alht? Hp&ﬁ%mgﬁedﬁ'g4§servmrs 24 are

vary ependlng upon-the size

forraéd bﬂ@y@@@él@{ﬁd aiwu@rmeézgul)e It hnatthdzrhﬁgbod]mnt dyugrpseryoirs 24
repel into the patient ski.n [

enbod t
ste e A TEBMES] BT SO %W@l A RORERa B pgn the
51262& tHE gha!ﬂge%lddlué BBlecule that they are trying to repel into the patient’s skin. Thus,

in embodiments where multiple electrodes with multiple drug chambers 24 are used, the

sizes of the electrodes and drug chambers may vary,

[0045] One or both electrodes 20 and 22 are made of Ag/AgCl printable conductive
ink coating. Electrodes 20 and 22 are covered by drug reservoirs 24, which may be formed
from hydrogel that contains the charged drug molecules. Electrodes 20 and 22 are printed
to the flexible printed wiring 18 with a highly conductive Polymer Thick Film (PTF) ink.



sizes of the el ectrodes and drag chanbers may vary,
[ 0045] One or both electrodes 20 and 22 are made of

WO L13Pr i nt abl e conductive ink coating. El eRCT/O868/073292
20 and 22 are covered by drag reservoirs 24, which may

f f h .
i BB ATV BE00L 08 SO0 OB DB GREUBA B8
that ﬁ)f(ﬁi‘deb lag eletrfthd\me’chmﬁoa]l&om&hom11M1@fey1smﬁmwahommre and
ther@ %/ijsr Thick Film (PTF) ink.In a preferred

a lead-free, silver |oaded isotropic
conductlve cenent is used that provides an electrica
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poss%l§ ta€dRekPith b rés® ofi8SlehA1), ¢n bRlePRk@hhiadettRs ibi tg c&%yit&hﬂo to
as possible, along with the rest of system 1

adhaye thesr patisneniem @@thtlm@maadudusmgﬂo@fto Hipqrasimty (Batt@rywﬁé B thegorder

or 03B i eael errlerP LS PReobvReliBh 28 SRibiirnen

gend @B afkEBHtR 8p tP9.0ofls O dledtli&ty0 Thislagtduint 6f lioWeii ﬁﬂows for wireless
mul tiple arrays can generate and control

u .
progwmmmg@mdeia@@pqmennpy withrnisropresgsror enidige f ti @ltghsanfcqsma 16.

e i e B T e 3, Al 4 AT

type and construction of the battery |s not i ntended

.'L»t err! [dﬂté?aﬁ%tlc [dﬁ%c?dlwb@' §y§t@ﬁn@rrﬁ£}” Ee %eﬁ&ndﬂe leX&hlary

used I n one exenp é odlnent as
embadlmnt; egla mathqdcpsf locdt dyg delivarp inya Vatrleéy obeliniea) sestings. System 10

oan SRR 30 PP eUe OBk PP CEeAN DR e n g O e

procBURES, Yich RIAGRHNBASus Fd6LR 0A%njEMnBiauy RMGBEMAICELESS or
injecting a drug intradernally or subcutaneously.

subcGipgeaislyl S ystem bﬂ @e@ alrel deliwer nopgToidad pEtiinflammatory drugs and
-Jnfla
°°ﬁ$%%?7 éanFﬂs&ﬂ &%i Q? Fﬁﬂg#@ﬁhngfgéﬂﬁ%%hdltlons
[0048] The rate, t| m ng and pattern of drug delivery
Lt : 01 @RL J‘%ﬁ% EndWMGr6d drifSadtiveYPhBie fbgtobﬁoretlc drug

croprocessor controller 12
deh\xcay spistegn ﬂ@lfs cehtroliedi with mwopremsscawpmrelébrtla bl vecstmg) theslectrical

cum?ﬂt a@{lgﬁ.ﬁg ale{:'\% ({?,52@ iigo%&%ﬂ{o%gsg%re{? all%rall C@&bﬁ programmed
to pBViAE hvaS e pg bt REvEy LA fileNwaae e RAMRICIITFeqHErY of drug
dellvery s varied based upon the treatnent

deh\may mmetied based hporsihe dgatwienhpaipnetirsa The gpeaderitlvwhigh a drug
ste

deh\{ éfn nﬁ?adn Iy @1\{1% ?ﬁ"cﬁééﬁsﬁﬁ i %\S/elb lo? ?1% t%{ggtedr& ?ételtnlﬁﬁes the onset
of t]:@ﬁhbétﬁgfr aachgﬁ‘: Igﬂ&g)gglteh@ deligliglidlelyisyeent 1$))é$lbﬁfl§hibﬁya1hhg3% pass
directly through ¢ ghe skin mto underlying issue and the bloodstream at a rate that is
significantly more rapid than oral or passive transdermal drug delivery methods.
Microprocessor controller 12 is programmed wirelessly through antenna 16. In one
exemplary embodiment, microprocessor controller 12 to configured accept programming
once and only once, thereby ensuring that system 10 could not be erroneously

reprogrammed or purposefully misprogrammed by various electronic devices.



directly through the skin into underlying issue and
the bl oodstreamat a rate that is significantly nore

WO ago@2didan oral or passive transdernmal drug deCT/uUs098/073292
nmet hods. M croprocessor controller 12 is programred

i [y thr. h. ant 16., | I .
onti OB imen SRep IR BRSER el PLR=T PR R5i s fragfion of

dataBG Rl bO SRR &y HFSEn AN thy 26 @rugd dEFveRYperformed by
ensuring that system 10 could not be erroneously

systemplOo Ghragrreliveny mfurmptismfior example srbipehidmen clsptroaie rengsd of the
.ect i ces..[ 00 .Qpt . ' !
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pati&f @ Pliddcen ERfctrdidspockali2g @b be Dédarto@bieAning WhietlRr 8gdterall 0 is in
drug delivery perfornmed by system 10. Drug delivery

contagif witlhie ipetient sokinesyathp Peeraticireficlreirades 122cnddhg fesistivity of
the }aagf:eﬁ{;sg?kglg i,nt t?}? Sgg%g%egstﬁiirggle@t?o e%lﬁ%{ﬁ# g&rﬁﬁggtwh%ﬁggﬁtglgsl% is in contact

ornation enni

witlP@k ip@int’s gkl | ance. El ectrodes 20 and 22 can be used
to determ ne whether system 10 is in contact with the
patient's skin by the operation of electrodes 20 and

2|2 [6658] tAsenropsips,tsystemyl Ocllsotthay ipaluide amanugiiutionarrefid6 (shown
. el ectrode-skj.n-el ect [ it f d wh t

i RS B PR B L SRS AR Manua
buttOR bR 36 aalb%{]semalienﬁb %oanmyyz %If)fb@:ité' Stein MBNBMterRUDLOPreferably

array 36 (shown in Figure . Manual button array 36
programued plittdirepdetiveroipfanetento avrmatispile deliver dves @@%/he patient. A

.bytton arr 36 allows. .a patient.t ual .
o S8 250 B0 BT R T B b Bl SRR o diver
drugdivieh Hakuay Biittor dHa3ERN Afhal ButRdieaRBE cah how elutiett to deviate

drugs to the patient. A patient can deviate fromor

fronptherdrigielivarysnfrogiiemansiovigs gighar Jonggeersherteydipg #psages more

to deliver . \Wh . arr !
or 155Gl a8 e SrdE B Bl oMU o
systéi € 0G¥ithamakalal beton drfalyGoRl erampele vhpn dwiydege Gelihenegative side
| onger or shorter drug dosages nore or |ess often than
affeptn Siom ibe g delivery. drug del i very information. A patient
can also turn off system 10 with manual button array

36, | e wh A . [.i. ' '

ar todst] e Bfenas g, e G afy!erunae) Ser B g g 2b8 Sper
circﬁ’i'ﬂ? cBipoitdn®in Rl Ge rioMnathréfetied gmb8dintnt, @fdadeddframPolymer

other Circuitry conponents in system 10, in a

Thigh Eitre (R0 fexihdeltinavits that pre maméacturediiag ¢ ashnotpgy: thateqnsists of
1o AR B o SRR B SO0
TheSH QFRES SrkensldRith At fldand pssdeseinv@lvingtiRelhighispled dckdwn printing of
conglg;?igg gatkl Kd?lltli-?aléfser' circuits are manufactured using dielectric materials as an
insulating layer, and double-sided circuits using printed through-hole technologies. Figures
4-15 show an exemplary method of fabricating system 10. Both active and passive surface
mount components can be adhered to PTF flexible circuit assemblies with Conductive
Adhesives (CA's) or with Anisotropic Conductive Adhesives (ACA’s). In a preferred
embodiment, to ensure optimal performance when system 10 is flexed, all components are

encapsulated between layers 26 and 28, which are bonded together using a hydrophobic

UV-cured material developed specifically for medical applications.
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These circuits are nade with an additive process

i nvol vi ng the high-speed screen printing of conductive
WO 2009/021B2 i -1 ayer circuits are manufactured usPEUS2008/073292

dielectric materials as an insulating |ayer, and

do -gjided circuits N Lot ed. - .
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thatcirewitiiracea srsentividediragtly Bp@o Nawddition, REfhbypicady ugasg BT gybstrate
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are %mjﬁ | d{irqc(glg@thh ép nofsieAyIraibp W@\@h ghmaterigls sihesschsaiieals ape used to
ificall.y, f i Gal i i . [ 0052
seleifVeR SBREAPRE obER o PR B2, | 00°2)

because they are inherently |less costly than for

exymlsg? THE I@Hﬁ%edomg%&wu@éélvtaﬁy inR¥e faf @ffbRI@d g@Bmpounds.

dielectric substrate that circuit traces are printed .
Largt darg thyleapearequire sivbaigen eertropmgngtiedorsas toydrissdhery ippthe skin of

substrate ich is. significantly.les X e .
s SOy TH e SRR e e BRR SR g om int
the SQPBEL piehe Utk Yit idl desallé to Wity thRS$iZe OF et 6dds 9 adtl @2 based

nore environnmentally friendly as they are printed

upo theesizel of thendiugleompeunds gupnder torlslivesipwaimat apelE Of al s

ere chem cal s.ar sed l.ect.| a :
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therbBRORbfetdbey MbAlfaEtred foba sPetigic dresmeReyle size by havingra tailored size
di ff'erent drug conpounds. Larger drug nol ecul es
for fraekqler«@o@mﬁg@ﬂ- el ectromagnetic forces to drive them
into the skin of a patient. Snaller drug nol ecul es

' | ect ic f es. t '
| ] TR P AT BT ok A ey bt G e of he
drudRb¥chiBeaRs Bfuth, Mldant hagese/dRdand fa2viios ek daghart hged.
si ze of the drug conpounds in order to deliver an

opti mal amount of el ectronagnetic force to drive the
drug nolecules into the patient's skin. System 10 is

Druper ef ore pref erabl Chaggeidfact ur ed f or Parpope/Cohiitiolr ug
mol ecul e size by hagphRgiod/daie ored size for each
el ectrode 20 and ZZM&PQﬁég] he tabl e shown bel ow
provi des an exenplary I1st of drugs, the charge of the

o L, T g
Atri))%{npéosal%lhgtgndi ton ng-‘ ut-onfBrug Hyperhidrosis

Calcium + Myopathy, myospasm
Chloride - Sclerolytic, scar tissue
Citrate - Rheumatoid arthritis
Copper + Astringent
Dexamethasone - Tendinitis, bursitis

Glycopyrronium bromide + Hyperhidrosis
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Mol ecul es Acetic acid - Cal cium deposits Atropine

sul phate + Hyperhidrosis Cal cium + Myopat hy, myospasm
w@hkioonedda - Scl erol ytic, scar tissue Citrate -PCT/US2008/073292

Rheumatoid arthritis Copper + Astringent Dexamethasone

-
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Lidesasant Penicillin © Infected burn wathdel BEFUFT2
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Mupresiin Sal i cyl ate - Anal gesic, plant arViReia €888 um

chloride - Scar tissue Silver + Chronic osteonyelitis
Péfiigillint Anti septic, wound heal i ng [ 0053pfeaied bury Bownds
enbodi nents, the flux of charged drug nolecules from
Pelting nfetisenifiite S 24 into the patient' s Hyperhidrasisbe

i ncreased through the use of a skin perneation
PEIARCRMiIdeA per neation enhancer i s anyScahEgsueal or
conpound that, when used in conjunction with the

Sfilafged drug nol ecule, increases the TAdkoesic, SlBAGHRErtS
%rgg nol ecul es fromdrug reservoir 24 into th%l ski n of

th (GBI That s, SKinm pernmeati on KHNGREETS 1S a
S%ﬁ lgiégfr?clggt hat enhances the ability ofS%t he géﬁarged
Hrug—otecute—transfpr—fronrthe drug T, Yl
Sil&f meate into the patient's skin. [00 &gégﬁé%gg&g%s a

narnat i an osnhancarce 1 o advantd la
—coacr T orr—cTarfc S T S auvalmtaygtuous Y Lt
ﬁ}]

Zingduces the anmount of electrical powe

transfer the drllg from

4
|

§§;EHCCI, géulil% healing

[0055] In various embodiments, the flux of charged drug molecules from drug
reservoirs 24 into the patient’s skin can be increased through the use of a skin permeation
enhancer. A permeation enhancer is any chemical or compound that, when used in
conjunction with the charged drug molecule, increases the flux of charged drug molecules
from drug reservoir 24 into the skin of the patient. That is, skin permeation enhancers is a
substance that enhances the ability of the charged drug molecule transfer from the drug

reservoir and permeate into the patient’s skin.

[0056] Such use of a permeation enhancers is advantageous because it reduces the
amount of electrical power required to transfer the drug from a reservoir 24 and into the
patient’s skin. This means that less current can be used, which in turn reduces the potential
for skin irritation. And it also means less power is drawn, meaning the battery can be made

smaller and/or last longer.

[0057] The enhancer may be an excipient, i.e., a medicinally inactive agent,
included in the reservoir 24 with the charged drug molecule. Preferably, where a gel is used
in the reservoir to carry the drug, the permeation enhancer and the drug are soluble in the
gel but not chemically bonded to the gel network, thus enabling them to more easily transfer
from the gel to the skin. In some embodiments, the enhancer may be a molecule with a

charge similar to the associated drug molecule.
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patient's skin. This nmeans that |ess current can be
used, which in turn reduces the potential for skin

WO eeovpat1Bon. And it al so neans | ess power is dPEKS2008/073292
meani ng the battery can be made small er and/or | ast
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patlent by ‘'means of iontophoresis is a fatty acid
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sysRRIR. rﬁﬁtﬂe&’"ﬂ bhehePf6, ahd ﬂ@ﬂﬁleﬁ%ﬁl‘f@éﬂ \@mn%h@ af @ﬁfo)hnadél!hgred to

I'S a mxture of propionic aci val éric acid.
layr@058ith pe 28euartindly iposlcd avay cEigureckdnmuistrses the ﬂeﬁé)ﬂlty of system
and co | d.be,

10 igerelien e Kbty oo ot 4 el SPRYAR Sepie

def&%ﬁlﬁlﬂ%q{oﬁnﬂra@ﬁ{q@y Al hovhdnd 6 £the PaesT bole. Irﬁ&l%lliﬂ/cﬁi thls figure
d the skin for enhanci ng perneation of the drug

shows chem syﬂelgdﬁeWQerdass@NdQ@sS athin paieh thet mtypdesmgrmaly upon the

t| ¢ drug delivery system 10. Battery 14,
patlﬁ’ﬁttse%ﬁlg% %8d flexible printed wiri ng 18 are shown

dh 26 with |
w06 e S et retp et Sretrr B i Pl i BRefttets e
deh%?rytspﬁémqq)alﬂ}ll@ g?dé%Es%m:&‘Ql oller EDBEAER1Y Oarﬁéfﬁlaqgnﬁ&k’cé@ flexible

a’patient's body and be ablé to deformd urlng
w1rmgr1r8;ad:1e<anﬁes/m ynded ambdmgeererirs 2harpshovarsandwighetl/betypen

ti this ure s how s
v 96 By MRS AR S e B SR g g svstem 10
An k&feﬁ)&tdr HhPRe hi8idesa dl@ilil)(ncﬁé«b[ﬂﬁ)h'o@ﬂﬁ‘» st t&)&ﬁ‘]ép’stangll@f d@ndicator light
di sclosés an isonetric see-thr ough Vi ew o
84 is prafopblyragnilt-catayef LED, which may for example show green when operating

normally, flash orange in a low power state, or flash red when a system failure occurs, as a
non-limiting example. System 10 can include a variety of sensors 37 to monitor various
parameters in the patient/system 10 environment. These parameters can include, by means
of a non-limiting example, moisture, temperature, system 10/patient physical contact, and
various patient parameters such as skin temperature, heart rate, etc. Information from
sensors 37 can be used to provide positive feedback to system 10. For instance, if sensors
37 deteét moisture at the system 10/patient skin interface, that may indicate that the patient

is sweating. With this information, system 10 may be programmed to either increase the
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delivery system 10. M croprocessor controller 12,

battery 14, antenna 16, printed flexible wring 18,
web@ene@aes 20 and 22, and drug reservoirs 24 BCEUSHHOS73292

sandvvi ched between | ayers 26 and 28. Manual button

w38 % LB BB Rt PR TR

add&d 1a ?raeofss%htu AlRInasYslyeisith 10 Al Gabedgrarh@bd todtop aehvery of the
preferab % a multi-colcored LED, whi ch may for exanp

charghd ireg mekculbsamtib plierhe pajienbsteps Tweating aachthe swaydas ﬁvaaorated
| ow power state, or flash red when a systemfailure
oc0062] Rigures o disclose 2 prpcessaxfidrmingyistudtny fod ap agntophoretic drug
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40 Jf a}%??B eiﬁ%éf g id fefery mAe HRAMSn AéxiBle 'ﬁh‘ﬂ' YicHiak hBBethylene
Isture, tenperature, system1 qﬁ@t i ent

terepHrtiaslatea(PEE)) MCiawiitry 3%t maiel o agncﬂmtuve pif vep akethastie psntgd ehto layer

s_skin era e rat .etc. tion
26. SR hyoihant o8 Sl ubud Bif wufheotd Mo PRlon et 16,
battér Me%dlﬁicré:ﬁ%ce’sib‘ifcéﬂﬁﬁlerni sensors 37 detect noisture
ﬁe system 10/ patient skin interface, that may

mﬁ*‘l%lﬂ@% d%/}glgts %‘556 §sntt10ﬂ Avsatit ﬁ%’teﬁ‘é‘f B9 o Phﬁlary component
e programed to e
sidel mf&ayw 26 thd)édtmaatéﬁhﬁ 4Eeuroedrstvm1eageb8 thatlieer&nactdn@ana 16,

batt;rgylg; Lué}e m%gcgg%%ggpt%té?@go ble("lgcl&pgc? g}fzﬁty o %gpteg 2101?jl coqr%g antenna
j r
L6, B e B B R Lokt N IRE 261 e dicleque
matéried ispwiaed hla’s) leyea@6r dhedieldc062 pribfedusiog asnaghed imciliste
rocess of f cire itry for an iontophoretic
plga?rﬁéhqgéql?q}lgg)w@ﬂ?tg%el%ry %Fgure 4 depicts a prl nt| ng
of circuitry 38 on a prim nent S|dg .
| ay[BP64}diigurg § depicts aupémf}P%Pé%/ a2 8fcoy Qrmcamponent side 46
b t thal
of e "Clr Lt refUSe FReR éﬁ%@ﬁ%ﬁﬁ“@?ﬁ?&éﬁﬁﬁ&o for
confideéihg efkcpodente@ dnd)m o batger 1496d thicrdfiroues®r wmrczlm éhngircuitry
16 is printed al.ong Wi.th wiri gsl t Jnt connect
44 inmads ﬁgcqléuctwsts#&?rynliﬁlat LSRG al%?alsﬂés%fg’% §E ¥ gipRgnent side
46 n]rﬁces L&QF&]WI #nts depi cts a deposition of dielectric
materi a r| mary conponent side 40 of |ayer 26.
I I
| nf[é(?éc‘% #1 1r?9%§é1ét%na %%aﬁ%é%?%le\@f%qé}@% a}l% 2b IE&ffi‘tsecondary
comPbidm Ride 26 DS Riyeci tElettices 2@ andlb hrecfomiezl cm’:tb}e of wlunigz 48

does not cover antenna_16. At this ste Eo
Eledtupdgy &0 frsh Heage B%m!eé% Fﬂ‘@ﬁf’? $IHGT 9%19@3 2](1%l a PF rre embo 11nent
Wlnggsgjllfgg%\{ei agngﬁi‘ ?Jsisﬁjvltﬂl R ) aE‘f‘erctrg@es 2t 22 may be

rinted using a magnesiumsilicate
madeiffpie atmdtdrial ha\&ng)a)msﬂ;tlwty Tower €tanaviengc8/inatrder to deliver a

desirable amount of electricity to a patient’s skin that is just below a patient’s sensory

perception. Thus, in addition to varying electrode size to alter the amount of electricity
delivered by electrodes 20 and 22 to accommodate drug molecules of varying sizes, the

materials used to form electrodes 20 and 22 may also be varied to affect these parameters as

well.

[0066] The larger of the two electrodes 22 would contain the positivity or negatively

charged drug molecule. The smaller of the two electrodes 20 would be the return and would
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[0064] Figure 6 depicts a printing of circuitry 44 on
a secondary conponent side 46 of layer 26. Circuit 44

WO p@bo2kas9 Wi ri ngs 48 for el ectrodes 20 and 22 BET{US2008/073292
mﬁrings 50 for connecting el ectrodes 20 and 22 to
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contact with a patient's skin. [006 Lﬁ gure 7 depicts

silver Ibadingt Thyvrepfm elee@qdea@es cmtraﬁad pbsibyier sabisheldpyde ink with one
t sjde 46
or nAERIE B ks o S50 0r VA sy e o BIRARREGES Y By gharecd

dm@h%leﬁ:@l%ﬁﬁ’e Riges blevRsde@n is bd)ﬂéﬁ{lct@@ bpsilved Es1hler 6hlor1de ink with one
pr ef erred enbodi ment, wirings 48 have a hig

or mudtiple piivt pagseskawellas parieddalyendilaridls logding B&rﬁm glegigode 20 is
conﬁlélgfeétorf g?%/es; li(ﬁ%&gﬁ op%grorml rﬁ{t hggse:bfsvdv gasavarlege lver Ioadmg.

anvvl In order to

oo eqo%i“%f»n?f@ghr@ %“(@“%%H@&F'&% %E%%E%{he&ﬁug dlvery

perfg Dhishce) s&bﬂ%& ?HGCHH 51 MaYedeR %eedeﬁ%lﬁr‘m& §f thE pateh 8Yst@n.
he amount of el'ectricity delivered by el ec?rodes 20

t
o 535 T o, TSRS it
B%éélé bl@_el_ E& rollf eet 26. d]{)lfemﬁtnctrhﬁs&al parisdetosital @sowel wirings 50. The
e larger o el ectrodes 22 woul d
dielesti¢ ﬁllaWHﬁHé nﬁbgfippﬁlﬁdto;‘/l %Ctrﬁgﬁsa%q ¥y char ged gr ug

nmol ecul e. The smaller of the two el ectrodes 20 wo

be [0019] Feguue A dapigtswdilingob thrangh lsiesy54 wdaywy dp oaéxough hrotes 54
are BRI s palp Rt b AR BEAGINEIB| GEES po L iy

38. OMEs hdMBHve inftlt@idDis prtfepdBemintedsiwet Inkas varied silver
| oadi ng. The return el ectrode 20 is constructed of

si |[y@70] Figuirt Y& Uefibls @lel Atacliridnt WF laBer@R @idut folnt 56 kesecondary
print passes as well as varied silver chloride

corﬂpomj]t sige 46 0of layen2ydtdaneib/is shbtodeue epaniigioide Sncasigs B are

provdﬁq:a%t?)r eI Ct rl‘%%foﬁ %&g‘gese?&oﬁ%t* %fp%gm% Clﬁl\églg% W1ﬁ1' th V\gﬁmon of

elecB8desai 2l 23|o|n\t§;5 ofWhieh g &5@@61&@4 a‘f&l eorietl UFBam 56 is attached to
electrode 20 is constructed of silver ink with one

secomd ptyi qoingopent side gaoF bayern26. via| anoter grabqdaent, prried silicone adnesive
7 This conbination of material and
is “%?ﬁr‘%?fgﬁ Oé@?@ §e6nhances the drug delivery perf or mance

t H he d
* a0l Eieey {F aftc BB Rt QLree s REECE OF SRfIEn; ogfponert
51deQ1f6 &"w}leﬁﬁé rhﬁmﬁ@ F@% éﬁb&ﬂn&ﬁc&‘ﬂ?@ésﬁérm@@%lforﬁb@ﬁom
l'ayer 26. Dielectric material 52 is deposited to

hydmegeé Ithastvlsrdepgsteﬁmlt}ﬂ'm epenings 58 of foam 56 over electrodes 20 and 22.

[0072] Figure 12 depicts a deposition of conductive epoxy 60 on primary
component side 40 of layer 26. Conductive epoxy 60 is deposited in the pattern shown in
Figure 12 to secure microprocessor controller 12 and battery 14 onto layer 26 and place

those components into electrical connection with circuitry 38.

[0073] Figure 13 depicts a placement of components 12 and 14 on primary
component side 40 of layer 26. Microprocessor 12 and battery 14 are attached to layer 26

over the positions where conductive epoxy 60 (shown in Figure 12) was deposited. The
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dielectric material is not deposited on el ectrodes 20

or 22. [0069] Figure 9 depicts a filing of through
whele®2@a39 i n | ayer 26. Through hol es 54 are fiPCEUSH08/073292

a conductive material in order to electrically couple

W rin 50 ta.circuitry, 38.. This conductiyv ter.d.al -,
comonpRaTabple e fabet T 176 oot s (O PBrMEEIRg Vg C e
capg&fﬂrﬁtaﬁd e olpbAGHIRBE@IvithaRe rdHesidiots. cut  foam 56 to

secondary conponent side 46 of |ayer 26. Foam 56 is

cut ' : i '

 hlopgarES RSP 1S, S Dt A A RUEBLAM d5th
confineeti stz 401 dffiasteh 26 pBatdpsdantatatedia 6 codes theGlahuca? 2ororections

top of which_dr reservoirs, 24 are roped. Fo 56.1 .
tha PGB0 13 G0 lery L TBONSh Er e S eLbrepplg Brgia 52 s
. 1 | .
el PR S BB iy aanasal i s vt
cirduiirynit fran dafage frgmrresistuvoorrathe? 4ontamseotn dacgpsobmpomatenial 62, in

onciigr gL ariRsthetiol IRV kL0 el nGRg R St rglymer

des%ﬁp@ﬁ)i deBte W PiIE1ORERIcE gRuRBIR ceb RAITISAbIR Y Ebstrate.
ectrodes 20 and 22. [0072] Figure 12 depicts a

R 5P A RO B SRR £ AR 2

MidrprbERsqaabhtesiler $Dand biatfbrf aguicmisd tbdayeel6ir Antenna 16 is formed

microprocessor controller 12 and battery, 14 onto. |l gyer
andpenageérdp aBeroprIssEoL etV Ith P ngsd St Mingaeh holes 34
inte?c‘%)'ﬁﬁgcq Eﬂi%{:gﬂt#o'ﬂep {4 GaH Bditdry3Bt toleh ﬁbes@o%ﬁ%zjo% e RiohSary

a placenent of conponents 12 an on primary
congRApaReRi46fdeyed 06.0Cirteire 38 26:ludds arsoprinog seauatdargdragdsociated

battery 14 are attached_to | ayer .26 .over the positions
comgRRFRES BoEE § SHATEHRYP B RERBHHCIFHTIE GHIRE 12) was

deposi ted. Theconponents | abeled with the | abe(!ée é)

ar 007 dagure L féllusiitss A cAEBefedtserary qompopent side 46 of layer 26.

ca I LOnS, t | i =
OnG3REAF pH I GOTRASRLS bl Aol ey e
56. €T lcagds ofet@nialy co@pormenpsided6 yreconped evith Isglitack@dhesive

of layer 26, Encapsul ant material 62 covers th :
30. eThsenird RoTtios M SBIADEHY CORRPIGH 8ilf 6? SoevERH Vi gtack adbesive.

hat Lar . : , _ . _
Wi S e LRI 50 54 ko 3 BB convolr 120y
throughhelet 64ns that m croprocessor 12 and battery 14 form
with circuitry 38 from danmage from noi sture or other
conpeyr| raairs 17 Encapsy b aide visnt ef ioafophdetid drugrielivery system 10.
exenpl ary enbodinent, is a Utra-Violet (UVY) curable
Layens@isshoWe coverips srieiepragasser controller 12, battery 14, and antenna 16.

Microprocessor controller 12, battery 14 and antenna 16 are attached to primary component

side 40 of layer 26. On the secondary component side 46 of layer 26, electrodes 20 and 22
are printed on layer 26. Layer 26 is attached to foam layer 56, in which drug chambers 24

are formed. Adhesives 30 and 32 are placed on the bottom surface of layer 56 (as shown in

Figure 18).

[0078] Figure 18 illustrates an adhesive pattern on secondary component side 46 of
layer 26. The peripheral portion of secondary component side 46 is covered with high tack

adhesive 30. The dashed inner portion of secondary component side 46 is covered with low
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designed to secure low profile surface nount devices

to a flexible substrate. [0075] Figure 15 illustrates
wa2@ompiied ed primary conponent side 40 of | ayePCRES2008/073292

M croprocessor controller 12 and battery are nounted

to,.l aye Ant egpa s, for n -
tck KPS RGBS AD PBY PP SURCEATORY Page oeoihir i any
adh@ﬁ{fees% B4 thOLBES08 ISR 686G OMMithAhd BiinsTeter@edf biedrket drug
14 to electrodes 20 and 22 on the secondary conponent

molkspules f@n dfugd cypmben@4 imjortheipatiopt’ 88kifncl udes a swit chi ng

regulator and associ ated conmponents as well as a

| ect t.. [,0076
B Bere 1Dt B R St bl R b e
deh%xg%ys&? nab. IS Eh 198nciaL% M86BNY BlskfoR4 8abendddd @ klectrode 60,
ectro es 20 and 22 and afe surrounded by foam

wlnt:ka;sd‘oﬁﬁed oFtyrintest @rcuidige §yeﬂemslé>cm¢idé¢sw ssootsioheg tesgtveé‘ 64

are overe ck sive 30. The tr
forih 1 G GREOLE Lo UiFY RO E o P e i G o508 BERN Ptues
thirll ef%gtrés%kvcﬁ&d’nﬁr%hﬁ@d oﬂ\%lréuwfe POWERANEfIrmed 66 bfl@&éﬂ%lr&ﬂt 74.
22 to battery 14 and m croprocessor controller 12
Prntbgd mnmsugh 6Bané 4 Bre. conpeqd with grinted wiringd dsthatdeadstoghrough

[ 0 retic del i.v
oo o8 o, B BRE0 HoTP s YRS e
contt@Her h@tahg b obdratedNedeyeh@sila of €achMtBraR R APSWessor controllel 12.
controller 1 battery 14 and antemia 16 are attached

Elettwdps 66 yand 6@fpmmd 1 siee agowsting tgyee vaEmegy sizpeof the charged
sec ctrodes 20
mm%ﬁﬁﬂfgl ﬁ@f%qﬁﬁﬁ' 8%3%|a9§§d%%e”ﬁgg aégﬁsgg%attached

to foam |l ayer 56, in which drug chanbers 24 are
forp’@stb irads A8 e %P6 RhAGEButlh dh %%fﬁaml 1l
su# acéFﬁ%ﬂ@%@ﬁ§§§6 Sas ghomn in Figure 18). 9[ i
opefitigg amohsophbteusm c@wany syefhvaasliOv évigranat eutioncy as’el@dhlé gkgmplary
one i de 46 ayer 26. The p he
nong0a Sba e HER Sedriet iors SO SRR esRtke 3. oty-
dmﬁégmuﬁqg@ﬁﬁmgsﬁp The dashed inner portion of
secondary conponent side 46 is covered with | ow ack
adhesive 32. El ectrodes 20 and 22 and drug chanbers 24
ar 0081 Whikethe thventidn Basybeean llesinandsissiriat withacteddnss v e

GO0 B AL E A DR LTS Seneey L T i
chaﬁ’?e% R Snd 4kMils {11‘39%811145!3 Qe &n K3thbhd dé?ﬁl&lﬁ Rndthe sp1r1t and

ternative enbodi ment for iontophore rug delivery
scopyafttenméntioByst em 10 i ncl udes a first drug reservoir
58 forned on an el ectrode 60,
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which is forned on printed circuit 62. System 10

i ncl udes a second drug reservoir 64 fornmed on an
webk@ene@ae 66, which is formed on printed circRCT/USB08/073292

System 10 al so includes a third drug reservoir 70

f d on electrode 72, which is fornmed on printed
CL@?&@ﬁit 74. Printed circuits 62, 68 and 74 are

connected with printed wirings 50 that |lead to through
Whyiis elpimed isE| ect rodes 60, 66, and 70 are coupled to

separate term nals of mcroprocessor controller 12 and

i ok Qb RaBor CERE ALY YuSim BRER BBl arygymoleguisy o o

tisséd, RoMpfidiegl i n size according to the variance in size
of the charged drug nol ecul es that el ectrodes 60, 66
and 70 drive into a patient's skin. [0080] Figure 20
i | |auditig sseyoi holddieg the ebarged drugarnleduldsut t on array 36
for manual |y operating an iontophoretic drug delivery

system 10. uaJ] button array, in thi xenpl ary
noﬂmﬁ?ﬁ@@%gﬁgﬁﬁ@&ﬂﬁﬁh@géiéﬁ%Fﬁ%ﬁugfH%%Ewggg re
pol y-done switch assenblies 36. Pol ydone switch
assenbl | . i t ' i s been
shdtih “ah g&g g%é ¢ %’%gglje\l/\ncwérug?dé ? gﬂlgth ?lgé %19‘53%&3? icul ar
enbodi nent thereof, it will be understood to those
skig B&edsRignreddiver colifled Yihe HisropRRBESS cdnirofler, Mhardy the
details may be nmade therein without departing fromthe
micsqpirpdessoanehtedlopis psdgrameer by signpls setitimongh theaatepga; and
clainmed is: 1. An iontophoretic drug delivery system
for driving char ed.dru? nol ecules into a tissue,
corfEHEIYFg! plﬁdm%ﬁnp QFESSPT BTy t he charged drug
nol ecul es; an el ectrode for driving the charged drug
nol ' he tj ; m ; er
Cort e B L R A R B Al P 0
recei ver coupled to the m croprocessor controller,
whey. giay sjshen BF €l6i@PT,0essahedn] akiveir domppising manemiskatny
signals sent through the antenna; and a battery
coupled to the mcroprocessor controller. 2. The . .
sy st 8he efstast af ohpim 2, Wwharein the ¢harged deug meleevlss gre carried within the
lﬁﬁgprising a gel pad. 3. The systemof claim1,
ge rein the drug reservoir conprising a nenbrane.

5. The system of claim 3, wherein the charged drug molecules are carried within the

membrane.

6. The system of claim 1, wherein the microprocessor controller is connected to the

electrodes with flexible printed wires.

7. The drug delivery system of claim 6, wherein the flexible printed wires are made

of silver or silver chloride.

8. The drug delivery system of claim 6, wherein said microprocessor coniroller and

electrodes are connected to the flexible printed wires with a conductive cement.
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4. The systemof claim2, wherein the charged drug

nol ecul es are carried within the gel pad. 5. The
waeymveniled claim 3, wherein the charged drug npCEUS1088073292

are earned within the nenbrane. 6. The system of claim

Lo SHER Bribebp e e R Y bm aPRepaeqisdtbn o o

tissb A@nfelsinger y systemof claim6, wherein the flexible
printed wres are made of silver or silver chloride.
8. The drug delivery systemof claim®6, wherein said
m ca dpugoeeswirfocboltimglthechaaged drhgoiotesdles; are connect ed
to the flexible printed wires with a conductive

cenment. 9. An iontophoretic drug delivery system

dr i 9 Plecteads Ayeliving fge rare q?fég %ilqu%ﬁeé it 433, Suc
conprising: a drug reservoir for holding the charged
drug_npl ecul es; 0 Y . rged
i RaP SRR o AR rREREE, L opBEl ot BBl Gl
controller configured to control the electrode; and a

hi ghnicfgkadiasiesiakiiashfdanubs cage Wh@fon&ﬁ'ﬂ@re@i& deedelivery

i ontophoretic drug delivery systemand a | owtack
systedthasi alovwplaccathesine alacghinegrcepfer phtheiigremiordicairie delivggy system.

delivery system 10. The systemof claim9, further

conprising a wi.rel ess.sjgnal receiver coupled ta the

i cHos Pt i PolRar, CORPERER, THUcHSEnaHesasgagrpled o

LB QYHWABTBH iHOm R BRGHeSsof BMtrdIiRf RYFHerhiighed b

theglﬁt%)hﬁggkg%. Theagyste of cl aciq?n 96, ofurtfﬁer C(L)iﬂn'pgrr?si neg Y
sigidaldgint trqughohgdndéehnbo t he mi croprocessor controller.

12. The systemof claim9, wherein the drug reservoir

conprising a gel pad. 13. The systemof claim?9

whekleiThe syerap{igfaing 8 uibercompmisies: R CRurst inle 14,

: . | aim 12, wherein the charged drug
lnlcggﬁgg%ggégmét?@egarri ed within the gel pad. 15. The

system of claim 13, wherein the charged drug nol ecul es

ar e1x dne ispfertibf Elbit b hehereiiiiad@g reservoir comprising a gel pad.

13. The system of claim 9, wherein the drug reservoir comprising a membrane.

14.vThe system of claim 12, wherein the charged drug molecules are carried within

the gel pad.

15. The system of claim 13, wherein the charged drug molecules are carried within

the membrane.

16. The system of claim 9, wherein the microprocessor controller is connected to the

electrodes with flexible printed wires.

17. The drug delivery system of claim 16, wherein the flexible printed wires are

made of silver or silver chloride.

18. The drug delivery system of claim 16, wherein said microprocessor controller

and electrodes are connected to the flexible printed wires with a conductive cement.
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16. The systemof claim9, wherein the m croprocessor
controller is connected to the electrodes with

WO b@giod1e9 printed wires. 17. The drug del i ver yPE/E82908/073292
of claim 16, wherein the flexible printed wres are

or silver 18. The dr
del 1 b SaxpBlinetie e Bkt O\ e g < hoBure sensor
det&hﬁg arp&xap @ﬁﬁ@i&h]?@ﬁtah%tkﬂﬁce%@v@n%ﬁidr@ﬁ%ﬁ st @ paaanecdead
| exible printed wires with a conductive
cenment. 19 The drag delivery systemof claim?9,
f urztheAn matophémstiodrog dchvwlsysieméousmvm@d@cqurdgu&moweles into
of noisture at an interface between said systemand a
a tisue:iCOMPTIENgki n. 20. An iontophoretic drag delivery
system for driving charged drag nolecules into a
tis [ hol di ng t he
chaf%{gl% %?Igg{l rlrlgl\dﬁ% g CH&B&% glgl Zﬁ%gérl{rlr%at i on enhancer
configured to enhance perneation of the drag nol ecule

I Nt Pridshi@pdrine it enBiincRt esiifioRete! tb @hhalick yemgpatiieofhadgedmolecule
drag nol ecul e into the tissue; a m croprocessor

intodbeitipe] er configured to control the el ectrode; and a
battery coupled to the n1croprocessor controller. 21.

A T e A

drag delivery systemaccording to claim2l, wherein

t e, RRLSFRELEQR cHINARE B8nfiufdd t§X6hHP6I8RE electrode; and

a battery coupled to the microprocessor controller.

21. A drug delivery system according to claim 20, wherein the permeation enhancer

is in the reservoir.

22. A drug delivery system according to claim 21, wherein the permeation enhancer

is an excipient.
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