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Furthermore, it would be advantageous to have to a convenient means for
determining that a particular reservoir of a microchip device has been activated as
directed. That is, that the reservoir intended to have been opened is in fact open.
Such verification techniques would be highly beneficial to demonstrate release of

30  drug molecules or other contents from the reservoirs, ensuring reliable and
consistent operation. It would be further desirable, particularly if active devices
have many reservoirs, to provide a simplified means for electrically addressing

each of the reservoirs.
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In one aspect, the device includes a reservoir cap
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less than the thickness of the leads. In other embodiments, the reservoir cap is

30 formed of a material that is different from the material forming the leads, wherein

the material forming the reservoir cap has a different electrical resistivity, thermal
diffusivity, thermal conductivity, and/or a lower melting temperature than the

material forming the leads. Various combinations of these embodiments can be
2
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anot her aspect, a device is provided for the
weonwtnol4Bed rel ease or exposure of reservoir PORUSWDX025774
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t he reselvahdtherappecatie évied intladéd an et tedpoment or system for
paral l el by rows of the array and the output |eads_of

t he detesting & ppeaghestrgab cisaichetyess thy leadnefctieasrvoix cap that has
ar gl : f. the.array. This enbodi nent
1§I s%%l?%l@f‘%%@%?ﬁ%ﬁ??. ea é}%ﬂl 11%&)ut %ut (1/0)

r equi r engAbne tMbedidetriedicrRBicombligesrae fastour res@ndiedranore
conprise a rel ease system containing drug nol ecul es .
f or positienekin a tiyosdirchepnad ey imias subsirats, for sxaRier Wherein the

g ? n gﬁt}st 2@%% anglie Y&se So?rocglgg %te%%ir%ﬂ%ﬁg ?01?‘#&@9’ 212 g%ﬁﬁ&?o‘fy%ows of the

onen 10 rvol
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var i [8&Went s, the device can be a subconponent
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may further conprise a sensor 30 indicative of a

phy siootaging diug sarieiulésdir redgase | lagnpbaeembndipenty theirpgprvoir
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protective or structurally supporting layer of a dielectric material, such as silicon

dioxide, in addition to the electrically conductive material.

In various embodiments, the device can be a subcomponent of an
implantable drug delivery device. Such a device may further comprise a sensor

30 indicative of a physiological condition, an electrode for providing electrical

stimulation to the body, a catheter, a pump, or a combination thereof. In one
embodiment, the device is part of a microchip device.

In another aspect, methods are provided for the controlled delivery of

3
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controll ed delivery of 3 WD 2004/071487
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10ont r ol | &d arxtha@saspert,aficthedsesny piovided dort tha tentralled egposutrof
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A O : | .
out 3 s pcafioh EREHKE i IRk AR ohRphéh SR F s
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internal to a patient and the 20 reservoir contents

conylécsiicah oulprklerd which arsdectdeiysnangetqddp saidaeserpincap, to
physi ol ogi cal .condi tion Cl .
B o B o P i Pl h PP hrBRR B b BIRERS at the
contyredel Rfbdasfbioh! B &le dnfodatientOthe Bid RGhteABI @a patient and the
secondary devices. In one enbodinment, the method
26t epsserTait cadgents JOMRTESAIAsGNIQT PT SANSPY coypener deiiensing 8 i n
a 25,substrate: (ii) capping each of said reservoirs
Wi t mhgﬂo&gé(’@{ angt}q y conductive reservoir cap; (iii)
| oadi ng tiiQné@SLisYEIt! Bethbddart BERided fbr £BAEAME S debick Yor the
form ng in operable connection with each reservoir
cap cantrellesbexposut of rehaase pemdleawlds errsecadant davicss. Huansut

und e P s BrisE S Re Tl Bl ip o
28BN elB&tdid; ¢al c@ggfg%g&h b1l @Ber8i Wi ah EREHENALY cdiRBetive

via the input nd output lead, in an anount
ef f gesarvar ¢ap; (iiiptaading thewsseregies wish reserpiranatentsu@viofogning in
the orp%fc’a lievcooingl'ection with each reservoir cap an electrical input lead and an
electrical output lead; and (v) providing an electrical current supply and
distribution means capable of selectively passing an electrical current through each
30 reservoir cap, via the input lead and output lead, in an amount effective to rupture

the reservoir cap and thus open the reservoir.
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of the Drawings FIGS. 1A-B illustrate a
wee@sm7Lerti onal view (FIG 1A) and a pl an vi eRCT/(510@3/025774
1B) of one enbodi ment of a portion of a device in
which the reservoir cap and leads are fornmed of the
same material. 5 Fl| Bsief Das@iptidnuef theyawings

- ' ' FIG 2A) .. | i F G .
5By or - onioSnibal HENEh ot kPR B (i Y ang f bt view
Whi ghrd. N®) b8 85E URbSdiRRR: ofahrticiAdt dviucliR WHEdh BE rdsBifroir cap

sane matefial and the wdth of the |leads is greater
t haand {dads miedbimaf oftthesanssmatedalr cap. FI GS. 3A-B

il lustra -sectional vie Fl G nd.a pl an
Giew 10 HepATEIEEE A RBBIORNCBITLY gy erbh B Yew
devifRs, B) Wrbhdeth D& REES LGt a @ekel i8 FASHE reservoir cap

fornmed of "the sane rraterlt\alillod and the thickness of the
| eadad iledgpedbaned dfthaisdniembteiiclkend ke width hEthe deads vsogreater than

cap.. FI GS. ﬁA— Billystrate a cross-sectional view
( FI ¢he width ghthezessT S%Pew  (FI G 4B) of one enbodi nent

of a portieg 9&-]33‘%1%%%&8 &l c%cﬁs—. 'tﬁﬁaltﬂ&vwgﬁﬁf Bé‘j igﬁd '5:?%11 view

15 and |l eads are forned of different teri
15A i(BIGr 38)ai oxe emboedinmentofengpetomeit devicean ddicibe vesktvoir cap

four reservoirs rranged in g square matrix wt )

i npund fead aredomnetetdhe ﬁ%neplalﬁfgrlﬁleqnﬁaﬁe iRt filbicads is greater
out pty healSRONNERL BelolvBirRapal | € by col um, and FIG

5B IS & Cross-sectionar  vie , taken along line A-Ain

FI G 5A, HIGSu$Armillusgath awrdsbaectonaiudew (FIth4umad apthnAGew

| eads are electrically insulated from one aigot her .
wher(EIG.HEB) of ves papodipient ofg pastion el pdevicsanyiiehihe yesgiyoir cap

] | el o pstien erdicaBTiyiibie
3 PRIGRT R, R Ko BeBhRRaR. . Tod Tromtne |

subst r at 10y 54 i6lh @laBotidw 6f onedngiddahentfof @devibe mdthefour reservoirs
per spective/cross-sectional view (FIG 7A) of_ another

25 eamsBgdhinrf squprengak Wik inp# lepds sonnestegjin pargllel by row and the
reser voi " i trlG ot

o B BRI SRR il 8D g

al ongew, tAkerBalBng Kne AL/Gin FIS. 5ial, Hlistrataig gy tHeeofdikor columns and
enbodi nent. FIG 8 is a_perspective/cross-sectional

20i evieasts aze gleetrically insulgad Temyowianptier where sheyeavedap.

havi ng a ray_of four. [VO}[S, r Vol r .
cover i ng 185 R 15D PSR Yigh Ve PhasiepiborAcT LLa pofip of a device

CoNnt\eidr&inthd RsérveRehp IsaB@mURY isolafed@bm thd subsiiate BY a\delectric
| eads electrically connected to said reservoir cap,

and matsodlr ce of el ectric power for applying an
electric all‘IGc N Qtpe%srﬂéc?fil/g}?:roessz?-%gctigrelgle\yié/\g i(IEI(f a}ﬁ) of another
25  embodiment of a portion of a device with a reservoir cap thermally isolated by a
dielectric material, and FIG. 7B is a cross-sectional view, taken along line B-B in
FIG. 7A, illustrating the same embodiment.
FIG. 8 is a perspective/cross-sectional view of a portion of one embodiment
of a device having an array of four reservoirs, a reservoir cap covering each
30 reservoir to isolate the reservoir contents within each reservoir, a pair of conductive
leads electrically connected to said reservoir cap, and a source of electric power for
applying an electrical current through each reservoir cap.
FIG. 9A is a perspective view of one embodiment of an implantable
5



FIG O9A is a perspective view of one enbodi mrent of an

i mpl antable 5 WO 2004/ 071487 PCT/ US2003/ 025774
wore@itozl48tevi ce havi ng a spherical shape and aPCHUSHY3/025774

of drug-containing reservoirs covered by reservoir

caps that can be activated/ opened using el ectrothernal

abl amedigalalsvige beving e dpimricel shapd-ird angmrayof dryg-comtainipgreservoirs

of the interior of th op case. of, the .device, apd

P 6 Gerd S dern St i unBlpb gt cyp el

top &Agfon & dedddbed Bedefn. FIBCOHBRES blad icdt SMNO intORS: of the top case
enbodi nent of an inplantable nedical device that

i ncl efctbe deviesa andFEr. Yaisiarngossrsagtionehiiaw wif agrortemerfiths fop case.
t he di al, ~end ortion. FIG 1 1A.is | an vie .
one e dilﬂésh? p%rgpetchge Yiew;of ong iy B%lmeﬁlgﬂp m&’\{am‘%ﬁl’le medical
cat hedvde thavhdlSdRn AfleRY h@v&ing HH%:&ﬁfh‘ilﬁh% FABrvofiS &f 1O klstal end
covered by reservoir caps 10 that can be

act i patiewnd/ opened using el ectrot hermal abl ation as

descri be rein. F|G .11B.is a cross-sectiqnal view,

of “the. debiCE dTAN BRI IET Bf ot SaSoR AR Slasigal adportion of a
B/ B, cotierhng b affal 5f Erub 358t REteb@Poikd -
devi%e, trakengal §n8y| [ ne%CQJ %@1&%&2@?@? éaDdgglcc:grdi tlsoerl;voéﬁ; caps
tthe thatcantbe antivieddpentd osihe elestkothdrimt aldatioressatesaibied herein.

openj vi ces, systens, and_ nethod have been
dov el BhA4E Y EFss TP ORTIaie BLUP JBTIEe Sjourh HGIC: TTA, taken along
Cenefi B3, ahd'BICH QY CGE 2 RARs BectioR & 9F fhe ﬁ?@gé q?{weél' afong line C/C.

positioned over a reservolir opening to b
opening until release or exposure of the reservoir

contents is desiredeited Dalcriptbs of BiSIndentokeat
enerator. Electric current is used to provide | ocal

eati ng dle¢tehresbablafion iegveinop@ingdersafysiems candimethods
ne B85S dBIhER I QinlroiRPresB0F T bPhip & GEFEA) Bic device has a

el eciesdredt tap-thids pesitiénrarovet a fRaGKir bp@ling fAMSEStHeRBening until
reservoir cap structure to fracture, and%or to a |0ss
of dEleasa WeaPosuF elghe teperveir conlents ésdesired pndthet fhetions ag a heat

phas g . |t or._.vapar.d.zat.i on ei t her .

o - FeaARP Bloehs e BAHR B b P e Briincnp in
201 t hinMntidi@t ERESURIRY € Fup€aP titSredbrvdir EpS bipdnit the k@SOS As used

current flow ng through the reservoir cap. \Wile not

bei dgrasheltermoreniyret Fefersyo an plecthiealty-induesditbemal Heock that

t horcaifes iGRRert G ERSTy  fetires FadlR e aBR oF i pteariy
t herdrahe regerPsinsi e tb faqihﬁ@/c}&h%ao (861 RGIBRr VESEIMALE), cither or

cap fromover the reservoir and/or_ creating an
apertotlt ef which arprratsed bydbe gunsiatiopad hearhyithim tiei reservaincap as a

A5 Ayl SRBTA0. B8 SRS, R b Wi noun
a8 Do, SETRIAA s A P TAER i o
si npiapodieg) thernal shoge ahd/at & masnghicthiarthe cekfficienr afttesmal
(e. %xpanbsﬂ)rn? ﬁleye@y displacing the reservoir cap from over the reservoir and/or
creating an aperture through the reservoir cap. This activation mechanism does not
30  depend on a separate resistive heater element, for example, attached to an outer
surface of a reservoir. (This rupture process is analogous to the process by which a

conventional simple electrical fuse heats and then disintegrates (e.g., burns up)

upon passage of an excessive amount of electrical current through it.)
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upon passage of an excessive anmount of electrica
current through it.) 6 WO 2004/071487

weRONAWBE2803/ 025774 As used herein, the term "PODEE2003/025774
heating"” in reference to the reservoir cap refers to a
significant tenperature rise, which is local to the
r eser voi rAsazspd heretp, thetterm “lotal hoating” ol reférenceds ¢hes@hervoir cap

¢ o GFEE 1 AQTE G LR EHB Mot i SogL PG F B oifab (6. the
t he i@pbint OSBe %a%frlcla@ cbuild bBehehoteMipgeft). | ThiP tet ?agtl%‘é rise

enbodi hrents, the |ocal” heating and rupturing occu
ver yesudfsifiokl o henomena thtcheapgenttitipn abd the, hewhlbsdoccurring in the

llows. little. heat to. .pass into e .. surrounding
nvng&ﬁ_ﬁefﬂ PIEfTRACHYD qn@st%}e\}eﬁaﬁ EE%W_E@H@ ZUPUIHE QAGYS very
mn 'q?’ﬂc%'rl?g 9n #MWordl gk §, WhiCh GAc\Fs 1il[t?leth||3§t to tpass into the
enviTonment surrounding the reservoir or I'rmting any
t enperraindigg énvifoaaset drantohBe feegivoin comtemteli taérebyminimizing any
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devi [ ackuding i nplantable drug delivery devices,
sucﬁ&géﬁ?ﬁgxﬁﬁgﬁgchip devi ces described in U S
Pat apénileSystem omPB&ibntNnd Bediods 838, No. 6,527, 762,
as wellT as 1n US patent application publications
No. 2002/Teo98B0s0idcNintion0Dsleor pod dgvicesdeseriteddicrein can be

i.kncorporated. herein, by referenge. .ln. .
Enooir el e inafoRiedt s f ST LRt RaiRlEing impisgrabte drug
SYStRIVérg devised) SRR fiedinic®dchan@dhek ddayibegin BWY. Patents No.

exanple, it may be fart of an inplantable drug

del iVER8Fedioce 56 h8ss, N 61387, 768msrvallkas in 5@ magant application
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conbi nation thereof. Substrate and Reservoirs 25 The
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substrat e/ %servoi froma variety of materials. See,
for exanplgé‘——%—c{:g?—sgﬁi—ﬁb_,s L 80. 30 6,123,861 and U.S.
Jsat ent  Apfld &kt eds it Al Hdd)Nee. .?939@69&@&/%%9 in which the

Exanpl es of suitable substrate  materials I nclude
nmet aksrvasraaniased.seq) it omdeains thesstchaddnachined, or molded reservoirs.

A reservoir is a well, a container. MEMS methods, micromolding, and
micromachining techniques known in the art can be used to fabricate the
substrate/reservoirs from a variety of materials. See, for example, U.S. Patent No.
30 6,123,861 and U.S. Patent Application Publication No. 2002/0107470. Examples
of suitable substrate materials include metals, ceramics, semiconductors, and
degradable and non-degradable polymers. Biocompatibility of the substrate

material typically is preferred for in vivo device applications. The substrate, or
7



degr adabl e and non-degradabl e pol yners.
Bi oconpatibility of the substrate material typically
wo soopoefiseT red for in vivo device applications. PdEs2003/025774
substrate, or 7 WD 2004/071487 PCT/ US2003/ 025774
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ar e fgar irhe duiehRWhay, %&;}%n%rerm@m {8fabe sd1f&ed BbHH&s,
si de can be shaped to ' conformtfo a curved tissue
18ur feghimders, Bhsshenesu|Sde eg. PEFGS. Oy I A ivhichdvadésagbalisclévor In one

| ocal .delivery of a therapeutic ent to that tissue

sur FEALEIITEL A iz @Hﬁa%n Woshaped Beontum tojafuryeditispug surface.
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0 1, 8908 sl ARRALo O SRRSO i st
onl yhatiesueasieheal In anothemgmipelidentothpdack dde(distal the release side) is

multi-lamnate material, that is, conposed of several
| ay shapedrio copfomn g appttaghmert Wiece. subst rat e materi al s
hat are : N .
13 inst rat o e pisk OREY Rilic; bRt Bn ARt P ey b compgite or

use radltitihdinaesantedhl thdelsi empdsed bhwveml Rtk @8 tHeGate or different
delivered and to surrounding)| 20 gases or fluids

(e. gubstigég wpteripls dlopd arcpanded BIZHes or ot her sol utions).
I th ' . [ . )
| S0 i 10 ARS8 P e

def ioTage petht estefbirtdeniRe) totthe Biole kP & bddedived iR fesirfounding
Exanpl es of bi oconpati bl e pol yners incl ude POI (lactic
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pol y(Il acty ¢- co- L | [ S I eqgr.adabl

DS, ol v A @it ouBS MRt ofF SR BRE G
can dégrailedGniadiveg oganddined paidd sfuindd inttetibesmpdiible
application using the activation system descri bed

her eieRpomgits. eiearples oftieconmtiblermodgnass ingluewobiélaptigacid)s,
(o ol R Bolathi e BrRticteRhs SR R Bk
260 Wowy(siydAge-thempRsEd by 30 bonding or attaching

wafers or layers of substrate materials together. The
devi ce  The substrate thickness can vary depending upon the particular device and

application using the activation system described herein. For example, the
thickness of a device may vary from approximately 10 um to several centimeters
(e.g., 500 pm). Total substrate thickness and reservoir volume can be increased by
30  bonding or attaching wafers or layers of substrate materials together. The device
thickness may affect the volume of each reservoir and/or may affect the maximum
number of reservoirs that can be incorporated onto a substrate. The size and

number of substrates and reservoirs can be selected to accommodate the quantity
8



t hi ckness may affect the volunme of each reservoir
and/ or may affect the maxi mum nunber of reservoirs

WO bat/0T@87 be i ncorporated onto a substrate. ThRCEHUE®03/025774
and nunber of substrates and reservoirs can be
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PCT/2u$0ly81e0u37seavoizgsatantd navdedofor ppgicyler rplisatiemaithough other

ded .f t t
congorarais Suioh bt b PR Ftb T PR Sliogs ce.
devifseini#Ratldnthicad pieat) aRo%nay cobRinfoihyR Meklek MpleNd&rices for
a patient) also may come into’'play. For exanple,

deviit eaezofapphcahnnwemaldp mraubdibé omall ehosgh b;tiwmmmt@rl Being
mal |. q h to be i an ed. us

3o iR st et TR stk for ey iy PrepbliSgts baicelibave

t ypiewtd Az V@uactidgwer si ze restrictions. The substrate
can have one, two, or preferably many, reservoirs. In

vari ous Twisobstrabntas havenss, mqruilpe@fsrabbfrmaﬂyomawdirs ol various

reser | rS ar arra acrpss t substrate.
i nst® eé'ﬂsfbl?}H{dnglﬁ’t orpougan SrPéIrecFﬁfVé)Hls étreoq_r{?ée& across the
del i s‘dﬁé'tbétéj @“’dr(ﬁ?stétﬁe | el RaidRGk Weaingnhiasld dﬁx%Qiehvery device

reservoirs, where each reservoir contains a single
16o0sendfides h;tt\m;nﬂéf) ane [l 8asservains, othefoeack xanmoer oo taling atmngle

;glae 5 Rt Qrugfor ebise WAt v %S&y@iﬁ%&{ﬂo wad Gaily over & period
ShordreLyerAmdRRGS twb g@ﬁ% MRAtre Qﬁfe@bi fréﬁé‘l%matfo%‘l fscﬁ&iﬁ'ie%%nd shorter

possible. I'n one enbodi nent, e reservoir

vol wrdoregritbatmentoduritess atehafitoBRo phssitlé (e. g I ess

than 250 L, IessthanlOL l.ess than 50 ‘less tha

25 L | ed8 oppgmbodiment, ﬂar@se)rvcahaasgar@éwa? ewlﬁp %lé@ﬁthqn 500 pL

gr odE e 15 MR B8F ﬂ%“% 450 B3¢ B sORE B o o WL less than
gr eatoriL, R rdlRttier kndn atRE1 hL © Re g%té@tHan@q{Lt @fdafer T 10 nl,

reservoir contents is essentially any object or
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protected fron) t he environnent outside of the

reservoir n ected point in tinme, when its

rel ease [ [ VA 1 :
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nol ecul es often may need to be released fromthe
opening of the reservoir cap. Thus, the catalyst molecules or sensing component
can be released or can remain immobilized within the open reservoir. Other
reservoir contents such as drug molecules often may need to be released from the
30 reservoir in order to pass from the device and be delivered to a site in vivo to exert

a therapeutic effect on a patient. However, the drug molecules may be retained for

certain in vitro applications.



30 reservoir in order to pass fromthe device and be
delivered to a site in vivo to exert a therapeutic
we@bdoenr148n a pati ent. However, the drug nol ecuP@BUSEY3/025774
be retained for certain in vitro applications. 9 WO
2004/ 071487 PCT/ US2003/ 025774 Mol ecul es The reservoir
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pol ysacchari des, .and synt hetic organi c_nol ecu] es.
one 08 ahsAtidRe An varipes epipgiments dhediuggan b saleried @@@.aﬁé%o acids,

nuc L0k a% ds W%nﬁ@l%bt?&% olfoq%s%@&lsaﬁ?ég #&flgeﬁfhe"t %2%91 c molecules

present a ana

an eih baé b@l&odﬂﬂﬁﬂ 1l dtug @@ale@teﬂtﬂcﬁaﬁ) ﬂhcﬂéomcﬁ@tmble@tldéﬁ and analogs
ant i bodi es, antlneoplastlc agents, antioxidants,
28nt iapH canjugeenthsreof hRersessatatipe afwwlgsg@ﬁh’%gs igelade analgesics,

del Ia}{lg{tﬁetlcg eaﬁlhoé’l iqg@ﬂwo%@l?e%l Q&t% c?cics Cz}%ﬁ &lﬁgg% 1NE0 %astlc

regutators,’ neta sugars,  psyi roplc age

Vac GlgBigs, anvibkidamhts SantifiRal et che@btherapeadiipehisCochg @Blivery
is an 25 i magi ng agent such as a contrast agent. In

one Vealood irEnome at@rSugma chamngh rQﬁllﬁtqrs,dn@gb @@aﬁqﬁa@s

of suita S eins i,ncl ude cppr.ot e

enz )Pﬁ%(%’lo?rgplé: a%glgt 5 ovtagmpgsf - alngyéé} Seg&amgle%% do ’rggmftéc a@eht is an
ZEHRHmagﬁ@@?mﬁ%udfﬂidaﬁmﬁﬁ%@@hds) anti bodi es,

cyt oki nes ., a- 3-, or y- interferons),

i nt er | eudnese (e@bgdlmenh tig)drug fsch pratsin dwg. Examhlss of suitable types
exeqRIarg ?(in?
proteins include glycoproteins, enzymes (e.g., proteolytic enzymes), hormones
(e.g., LHRH, steroids, corticosteroids), antibodies, cytokines (e.g., o-, B-, or y-
interferons), interleukins (e.g., IL-2), and insulin. In one exemplary embodiment,
30  the drug is a bisphosphonate. In another exemplary embodiment, the drug is
parathyroid hormone, such as a human parathyroid hormone, e.g., hPTH(1-84) or
hPTH(1-34). In a still further embodiment, the drug is a peptide with natriuretic

activity, such as BNP. In yet another embodiment, the drug is a calcitonin. In a
10



30 the drug is a bisphosphonate. I n another exenplary
enbodi nent, the drug is parathyroid hornone, such as
w@2Gwnemspar at hyroi d hornone, e.g., hPTH(1- 84)P@Or/US2003/025774
hPTH(1-34). In a still further enbodinent, the drug is
a peptide with natriuretic activity, such as BNP. In
yet fanther kmbodintrat)ithedmg is sedecthduftpr divaetivs) vsoditritors, inptrepic
10 WO 2004/.071487 .PCT/ 03/ 025774 . .further .
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too potent for systemic delivery of an effective dose. The reservoir contents in one
reservoir or in one device can include a single drug or a combination of two or

30  more drugs, and the reservoir contents can further include pharmaceutically
acceptable carriers.
The molecules can be provided as part of a “release system,” as taught in

U.S. Patent No. 5,797,898, the degradation, dissolution, or diffusion properties of
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reservoir or in one device can include a single drug
or a conbination of two or 30 nore drugs, and the

w0 e®eve8T contents can further include PCT/US2003/025774
pharmaceutically acceptable carriers The nol ecul es
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 cproaheranean et friofaghih] Mpe e G Spims doscribed

des gfekdi® 8an be used alone or on combination with passive release systems known in
the art, for example, as described in U.S. Patent No. 5,797,898. For example, the

30  reservoir cap can be removed by electrothermal ablation as described herein to

expose a passive release system that only begins its passive release after the
reservoir cap has been actively removed. Alternatively, a given substrate can
include both passive and active release reservoirs.
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herein can be used al one or on conbination wth

passi ve rel ease systens known in the art, for
wex@npreg? as described in U S. Patent No. 5, 797CB082003/025774

For exanple, the 30 reservoir cap can be renoved by

el ectrothermal abl ation as described herein to expose
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2004/ 071487 PCT/ US2003/ 025774 For in vitro
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f nol ecul.es where the controlled release of a snal
B 1P At OGBS DromE ot Such o the
Mol efuhRSadeThaRAARE or biter RIMIP L&A ahiplifiR&idn I\}gb&ﬁu&fs. In
anal'ytic chemstry or nedical diagnostics. l ecul es
can vadgoed ¢thet émisodaimenpt) thefbteciles tdbeaugtaases], are ifragranessioc scents,
r eagdent s, .and reagents in conpl ex reactions éfﬁh as
t he YB%PWE?%FQ SANE.SYeEteBrHS §F oBehencrritated davering agents, or
anplj§.i ' I S; ' : e . .
b B AP oEBPHIET 1 bl SUKE BB e reservoirscontain
10r agmambelzedrmale@ntss ,Exadpks indludd dxgrchemical spegieaghithan be

sweet eners, or other, concentrated fl avori ng agents, ar
a valPY‘gY?/‘f’é‘fa ISRGOn, 1§ B@ﬁﬁ%enisnca}%lyﬁ%{%renzymes» metals, and
enbagdj . r MO j i n’gmgg '
ol S%B?%g’ P t%ﬁ% Inggéfl%na}:éﬂa’cfgb 1%%?@&2%?2}3’ sp cc%lgéléagv\hefsc“ﬁeu as
can drgani¢ awvimbrpadicimolaculesactticlo tan functiardisragdis@agenigent.
catal ysts (e.g., enzynes, metals, and zeolites),
proteins, nucl L Vicghol ysacchari des, cells, and

ol yners, L] | . 0aANLC: e
B o carff elfEetch® TmicQl SO et 08 00k CRBEHD Phoondsry
Devidegiel mchrles s@ddévereira,cottipbaas tieredfiviiitH yan bedbeaddid a
ot herwi se, the term "secondary _device" includes any
dev i TEErHir. AncsgsERe A ek Sh SCoRgH L He\iemis BSCNSOE gF Easing
a r r 0 B
s SSlBhr nerklt, M EFRALIEE MenehdRoR AR AntipdEH) Elinponen:
her aitilizedin Semnating of ad@nethe preledddfstBeecONghangih a chemical
utilized in measuring or analyzing the presence,
28ps exidenic gpecidsaritysyh AT encdianyie Rhyeal roperies ¢ 8 pali Rigssure) at a
ener gy, 0 I VSi ' ( ;
or s a7bet i eior{TRERAP B3GR, BBEL Shikgys i Rikors, o
bi osigeIrsensdes) Fxiafiples E BRRESorsphd ot Rl bedBsied Sor UE in/with the
optical sensors. Exanples of Dbiosensors that could be
adapessgvaipdeviess despribied hereleinclude Bogotapglfdy e Patent No.

Mo, S ERE G ahT S0 NG G A7 bodsas Ry Rt
2BecandaineddsU.S St Bof 85501888, 25 described in U S.
Pat ent No. 6,551, 838. Exanpl es of sensing conponents

i ncl ude ciorraMesefsensing ¢oreppnents ieckededongponents utilized in measuring

or analyzing the presence, absence, or change in a drug, chemical, or ionic species,

energy (or light), or one or more physical properties (e.g., pH, pressure) at a site. In
one embodiment, a device is provided for implantation in a patient (e.g., a human
30  or other mammal) and the reservoir contents comprises at least one sensor
indicative of a physiological condition in the patient. For example, the sensor could
monitor the concentration of glucose, urea, calcium, or a hormone present in the
blood, plasma, interstitial fluid, or other bodily fluid of the patient.
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or analyzing the presence, absence, or change in a

drug, chemcal, or ionic species, energy (or light),
w@rooane148T nore physical properties (e.g., pH, PCT/US2003/025774
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y. from. t he ant abl e devi ce. Power can be
Eu {o |tdlnf31é‘ée fi’élgtlﬁ%leg‘;ﬁ%% foRt %ﬁ%a%ﬂ\é%ase@éoweﬁng gomponent. For example,
a
e Yoo BB Yool SRSl Rl B atched

2002(111@ dZ@A¢8dubstrate 0 Mhe esrdodianeptrably devnh@ecdts wixhahe dﬁzﬁhe e.g.,
havi ng reservoir contents that include drug nol ec
r HEUghdaniSRprecesRde cruEn] o mpdey todragtelerss fvanables mcludmg

exa sgg arh&ﬁt%ﬁ@ﬁ% ue% %ﬁ%&ﬂ leg%??ﬁ&‘ﬁl@g :%t@@f {éﬁease selection of
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wth the device, e.g., 20 through a m croprocessor

cont (Bnot thepesies or ePwk A theesite S & vixe implpatation and further may
Ir ncl I%gé/r.‘]d% egr%??oat%g nﬁg%#f&:es? e{i %}%%H&X lin % trggasg ﬁ%om 1(:516 device.
el eas ec 0

trve ra ease on

I3 dSuel acedgitil Bald 9fbv1cw1i@edﬂaek b kgd/orT; ﬁﬁelﬁ%ﬁiﬂﬂ ti¥release of a drug,
sensi ng conponent detects  (or not) the species or
pr op@rangthsr embedinents therdevige ynausies ape armars Wpseasss (whlch may be

furt hglre i/ serv% rg}ﬂ A ek or Elstepl Eha? are. c%%e%[fezgf %%es ﬂlg lé'ﬁ’

for con g re ease trom devi ¢
si grhﬂbas@ﬁugdlgam@wltﬂﬁaﬂl%d@yaskapmleand/ or finely control

the rel ease of a dru
As used herein, the term “biosensor” includes sensing devices that
30  transduce the chemical potential of an analyte of interest into an electrical signal, as
well as electrodes that measure electrical signals directly or indirectly (e.g., by
converting a mechanical or thermal energy into an electrical signal). For example,
the biosensor may measure intrinsic electrical signals (EKG, EEG, or other neural
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I n anot her enbodi nent, the device includes one or nore
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during storage or in vitro use of a device

i ncoFlporsaryeiy carhean bganadgdtans rarggps mesterirds sal¢otsldo pegvddaa known

electrical resistance. The electrical resistance, R, can be represented by the

following equation:

rR=F EQ.1
wit
30 where pis the resistivity of the material, w is the width of the conductor, ¢

is the thickness of the conductor, and / is the length of the conductor.

The leads (i.e., traces) typically are fabricated to minimize their electrical
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25 The reservoir cap and | eads include an electrically
conductive material. The reservoir cap can be nmade
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A
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o ndfERE Rt 5 P bRy B BT SRl Ao o,
di f freiihd Kss erddps) 3B ceRralidd i thitriser@nccafeb tiphgte the cap.
tenperature. Reservoir caps having |lower thermal

20i f fAdiitionallgsresavoit oapd womposediod ¢ mpgtenial mathed lewehmelimgt

in the reseryoir cap,. kequiring l.ess.energy to be )
gendPIPeET et the Fibbesial Brng e facy Tt FRBirPifes Buplty togupture
Addithd opal A dditisrRs Bird@klerGafISdS PIRRAPoPErtids SRhAE i yield and
wth a lower nelting tenperature that the materi al

f or rfeihyge stiengtlsaded thetmhal expansion doelisienifer gy to rupture

th . Additi L. t i.ncl ud si cal
propor £ 48 oene RoRespRals g aGb ieaiof pLfu P HE eh B chrguen te
23Nnd EReFIRdapS¥RARS PR 18RI SkRA ISk that are connected thereto, causes

the temperature of the reservoir cap to be increased preferentially compared to the

temperature of the leads.
Representative examples of suitable reservoir cap materials include gold,
copper, aluminum, silver, platinum, titanium, palladium, various alloys (e.g.,

30  Au/Si, Au/Ge, Pt-Ir, Ni-Ti, Pt-Si, SS 304, SS 316), and silicon doped with an
impurity to increase electrical conductivity, as known in the art. In one
embodiment, the reservoir cap is in the form of a thin metal film. In another
embodiment, the electrically conductive material of the reservoir cap is silicon that
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In some enbodi nents, the application of an electric
current through the 25 reservoir cap, via the input

wo e@d/ozmg7 out put | ead that are connected ther eP@I/US2003/025774
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to %@Sﬁ% EX&E@E, ahogﬁt Jdoih Y& the cgﬁﬂaﬁgﬁﬁﬁlﬁf'lagaj %@?5 Whi Br each
bot h"the "'substrate area around the reservoif opening
and of titH [shtetint lageroyaid @weten about Ionmdddem forchexdhepibe titanium
the structure is
titd®e pl ati numl titani und pl ati num titani um where

he top . ' .
ey 2P T RBAETAS PRI, cohl 36328 US4 ing stndar

st akiepbditioredachniue! acbthenerhisbdimentsehdleadeaidrratervoir caps are
titanium | ayer. The thickness of these |ayers could
be, fplyicateddpfhesamspsmesseer. of fmematerel cent r al

titani umIayerQ a %g @ or each of the platinum
| ayers, and b 63191,0(%; pdl £and 15 rimfor the

adhesi on Tetadit Weerdl aii€dbSe apbboathes tvBhaling e kaagtaatamof the
be connected to the reservoir cap using standard

28e pasiariancapduirrdsqlesslly Mien enslecivhl hisappligse | eads
e, o WEhecRERERTAF naBibRR SRelily AR ghEIER o cac

ar e ¢TeNEfedrvéit tdpRbivRerePthe Bahemd Qp& i fEndd & the same material
tenperature of the 20 reservoir cap increase |locally

wher(egn dating theisemie prasessing step. dppixasle ofthisgmbodiment 1s

eoal B IS Th R DB 1 BB PR A e n
dseadsqBEehts phSioAr ETHREARE: BlisttA&] 5RER B, dr a device, could

have two or more reservoirs.) Specifically, the device includes substrate 10 having

reservoir 12, which is closed by reservoir cap 16. Conductive material 14 applied
onto the surface of the substrate forms the reservoir cap 16, input lead 18, and
output lead 20. To rupture the reservoir cap, the temperature of the reservoir cap
30 increases locally by applying a current through conductive material when the
reservoir cap is in contact with (e.g., the device is placed in) a medium that is less
thermally conductive than the substrate. Although an equal amount of heat is

generated in the leads and in the reservoir cap, the heat generated in the leads is
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(e.g., during the same processing step). An exanpl e of

this enbodinent is illustrated in FIGS. 1A and 1B,
wakiogh7148Dr sinplicity, shows only one reservoPCT/US2085025774
a substrate portion. (Though not illustrated here, a
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FI GSs i1RAraBg 1@@@@@&&@5@%1&9%3%%%6 TeNd S reservou 12,
reservoir 12, which is closed by reservoir cap 16. 10
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Preferably, the ratio

2: 1 agteripl doaing glwleam @L) friijerabm ﬂaﬂ@tlﬁ ef ﬂ)@é@ﬁﬁ tbwknefgcap
the éfl%]%]iﬁg % 31 %? gr %is (ﬁf' ﬁm; & % Hfés% k‘H ﬁ?&?’nl% Ql%ﬁgﬁ%cause localized

| ea exa ers 'S 1 tra

Fl Gheatddy @Mbe ?e‘@erv%lcﬁlh uﬁdl%hééttb‘htdf&h%lebﬁldaﬁwrf&t across the

reservoir 12, which is closed by reservoir cap 16.
Con d@ﬁsis |ané thrawegh tha reservoiijspp.i dug to Hrednerhesed swirent dlensity resulting

teforrrsther ervolr C ut ,l.ead
255° S8 it st e S of R o BFechiBh o 8Ly SR the
portrb@ﬁv&ifcatphﬁlﬂ@fa@ﬁéwtdmswméerl al formng the 20
reservoir cap (HR) is much |less than the wdth of the

portion dhyctanothsnambediyent, thetresaredir ¢apraanibg formeed ofadsaterial
( HL)that is gleeren 'ﬁ%m tthg %a%e%ta ncl)lfmgt the léa(c:l Tﬁe ma%énalss mayab% selected

to take advantage of material properties that promote rupture of the reservoir cap

30  with less power than would otherwise be required (e.g., for rupture by melting, a
low T, may be desirable, or for rupture by thermal shock, a brittle material may be
desirable). In one version, the reservoir cap is fabricated using a material with an

electrical resistivity such that an optimal amount of electrical power is converted to
18



thickness is 2:1 or greater (HL: HR >_ 2:1). These
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is enbodinent is
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10 havi ng reservoi .is closed by reservoir

12, . whi.ch
cap m@ho opehise e et @Wﬁ'&gn is4o fpRaiceiedhy (rspvoR gpp on a shelf of
t e ial.. i .
sub i el "PRL LRI BRI o RSB ESBpoR 1B ik Merygir cap

and viileéatty@adlic; heat lTopsito the aubstr3icaBut KGS 6t anddaEx@hplary
are electrically connected to reservoir_ cap nateria
22 Walueh fardhplotal dkickneseelibisrdielagiria gateriabeangp frgm 0.1 um to 10
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S ecaiot e BB inRHG Sl Bp e B itsd Bt hbrhar the
amoyalerRfir (pefdr@8perhort @1Eh3ch§ H@fll&& ats@mpléeof sﬁﬂalﬁ@@ié[gctric

of electrical energy to thermally rupture the
r es enateiials najude silicen dixdtle, Gfieon nitride, and silicon carbide.
In one embodiment, a dielectric material such as silicon nitride or silicon
dioxide is deposited on the substrate. Reservoirs are formed in the substrate by a
30 method, such as wet anisotropic etching. The reservoir cap and leads are then
formed by deposition and selective etching. The dielectric material is then

removed directly underneath the reservoir cap by a selective method, such as laser-

induced chemical etching, yielding a configuration such as shown in FIG. 6, which
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met hod of achieving thermal isolation is to fabricate

the reservoir cap on a shelf of dielectric material.
wahiog/oshael f serves as a structural support forP€TES2003/025774

reservoir cap while greatly reducing heat |l oss to the

substrate. See FIGS. 6 and 7. Exenplary values for
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e
above. e S énre
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step that is selective against silicon nitride.
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doesTHRed fifiBeEHoY 4 Pt oftieRicRCHhich imbhidRE ladlibdtidtddR) containing
renoved from underneath each reservoir cap
sequesstvaat lg/(havﬁig aottom muenmssupﬁag@ Epsvhr¢inagesehnoir cap 16 covers
dielectric mat ed fro
oo RS tsrnvelandly ety BSrearat ol B i s 18 gnd 79, and
2¥et VARRLH %{eI&Mhﬂéﬁﬂt layéi‘ 13% Rl &HSel betiRLR Eﬂeaéonaﬁ!&ﬂe @faterial
licon nitride 1s deposit on a substrate.
mat ghatdbrms the rdservopaap/icatls ynd thooutstratet t he f ut ur e
| ocation _of the reservoir ca servoirs are

et ched artV¥RBOPESER IPeIEa%PaX?fE{P Hacypre! gride 5@%’& Oﬁéhe silicon
Chi iz SR g A ) CrRakidsy TIPLREN s o b Romed by
sucletching from the back of the substrate by the method of deep reactive ion etching.
30  This etching step is selective against silicon dioxide and will stop on the thermal
oxide layer. The thermal oxide can then be removed by immersion in buffered
hydrofluoric acid. In yet another embodiment, the reservoir cap is supported by a

composite stack of a dielectric material along with a semiconductor or metal
20



20 as tined reactive ion etching (RIE). This step is

performed until the bottomof the reservoir cap is
wexpeseds7 yi el ding a configuration such as shoReT/U82003/025774

FIGS. 7A-B. These figures show a part of device,
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one enbodi nent, this other material is a dielectric
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di nensi o f the digelectric l|la er sel ected so
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The dieléctric material’ can thernally insulate the

r eseielaitric maferidbinaodtaceails tHerresortdiecapny foromeden paitanédcto create
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26ap. I n addhi Lap dlmteﬁﬁ T cﬁ'v%@tc&'n nE@ta?Fe'aﬁl folr®dt m&ik Yé&servoirs
as a protective arrler ucing or elirmnating
und @ssnlah)écbmcadmmachmenmomaé aaty mntbhe §ehstrate. Gwi thatancs) the reservoirs

between the reseryoir cap and the
coulg be arraye(f in the substratg on a square matrix, with the input side of the

reservoir caps electrically connected in parallel by row, and the output side of the
reservoir caps electrically connected in parallel by column. One example of this
30 embodiment is illustrated in FIG. 5A and 5B, which shows conductor material 14
forming rows 32a and 32b and columns 34a and 34b. The conductor material 14
also forms input leads 18, output leads 20, and reservoir caps 16. In an alternative

design, which still uses the interconnected rows and columns, the reservoir caps are
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envi ronnent and/ or between the reservoir cap and the

reservoir contents. In sone 20 enbodi nents, the
waele@imetisT ¢ materi al can passivate the reservoPCT/USI03/025774

material. In other enbodinents, the dielectric

materi al can increase the strength, bioconpatibility,
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260! wrhentiloe aldtdsvel resqrhair cagsie thegpenultimaiapepan aimpw or column,
intersection of the row.and columm,.the connections :
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cap (i.e

addr esse reservoirs not selected for
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reservolr caps and input/output |eads (|eads, rows and
col unatarjal ak theamseopencaps, but wionildoett e docatedeverysserveiny The

output lead is created when the reservoir ca .
¢ uptRHFRES of e if{siftmﬁfcqnﬁ—mbfﬁvwiﬁﬁﬁm ¥t 8 gpgeble reservoir
€S QLY Blofn HARSthWinh L4pGh 8 Fow HERRMh 28d s being exposed to

relatively large unintended currents. In another approach, the inadvertent rupture

30 ofreservoir caps can be prevented by using caps which rupture, but do not create
an open circuit (or retain essentially the same electrical resistance) between the
input and output leads. This configuration, however, may prevent confirmation of

reservoir opening by resistance measurement.
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a Schottky barrier diode. If a silicon substrate is
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substr te and rectif O cou
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conductivity and majority charge carrier, such as
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requires 400 interconnects plus 1 common connection for returning current. By

using a matrix addressing approach, the number of interconnects is reduced to 40,
30  consisting of 20 row connections and 20 column connections. By using an
integrated demultiplexer, the number of interconnects is reduced to 12, consisting
of a 9 addressing inputs (a 9-digit binary number can be used to address over 400
reservoirs), an activation signal input, and power and ground connections. With an
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GIRs comprising or consmtei‘ng gft a%gerl&ttncally conductive ma%ena?crz(}(zelligg each
of the reservoirs, a pair of conductive leads (i.e., an input lead and an output lead)
electrically connected to each reservoir cap, a source of electric power (e.g., a

30 battery or capacitor), and activation means for selectively directing an electrical
current from the power source through the reservoir cap, via the leads. The power

source provides the current effective to rupture the reservoir cap, thus opening the
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The hardware, electrical conponents, and software
needed to control and deliver the electric current

WO e@a0t8s power source may be referred to herBCHUS®03/025774
"activation neans." The activation neans facilitates
and controls reservoir opening. The activation neans
t y piseladtbd raservbu@P i @lensecthe drugomelsarles fonddnery @.g., to an implant
enbodi ment, the operation of the reservoir opening
sysféfmwi || be controlled by an on-board (e.g.
wi thin afpyl g&kﬁﬂ%ﬁ%eﬁnsdgéﬂe&ﬂg if016deR Bh RGP S&lree, laMicroprocessor,
anot her enbodinent, a Sinplé state nmachine 1Is used),
as iattinterpd dahilyipieserdonmutiplexerjaln ere,embadohiart, the @mel ess
gomer than_a m croprocessor, ggr exanpl e, |

! in one
mb 3R MBHIPlexgT FirEsY: pAbefesiEn Pfidxﬂé‘P‘ngE!‘@tﬁdégf egHy onto the surface

i ncloy%%u&&@mr%gg?@ﬁbﬂg a two-di nensi onal array of
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reservoir _caps conprising or consisting of an
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power ree.t t ryQLr o Y :
D PR B P ROV B by sad g S s o
I Upthd Rsdrii@ir (sS3@EY @ité a€ BPROMIUS tienesl. Myhth the tdde Wexposure or
2004/ 071487 PCT/ US2003/ 025774 sel ected reservoir(s)
t o relrasgdes bera reraligd Abindicated Hyfiles timen, fheanpigropsoggssorsends a
ninplant site The L vadt i .
130 DB e 3 Bt APPSR e
a  deRbhltip:@X eThd @fmultiplek & r8%1€% dn inpbt, RB.E a1€ BlBOGic FaAENL, to the
the tinmer and 5 (de)nultiplexer circuitry can be
desiregsedizatdrassrsldnpibe atieapwicesser Iy otban exampéessinptuge ef the
of the substrate durli ng .fabrti@at i on ,que ther device (for sxample
m crBBFELeERdT TFTRIETS X gtk ¥4 SIEnah AR ArgtpLdanrsfer examp
cap . byd8m6lic'BatSIthr witddéss ercaigds Por d¥¥ecibn EPREAMic@BASHAIBN using
programmabl e read only nenory), renote control, or
2Bi osewswr sudhrasednipssusorenbodi nent's, the mi croprocessor

i's progr d 10 to ini.tiate rupture of the reservoir
cap ot a RFIERder wiRat § piotRbbaEstiies Soali Sk 19 pover
oI ge@firetled) 3hS tHRrabRA T Hr 1R BBERE FomhAEMEXAFRERs, sfznal
progranmmed sequence o events including the tine a

I es @eceinars, ios biosertsersdpteraacddreds foi éhe dirsatiomof myweadlanouglsthe
of he . reseryoir is. stored into EP by, the. user.
e FEPRLIRIPTRE 4 BPeE 5 BT 7™ P dF DUk PGS Hudftion o1  source
z!seafd?%g;@% hB HiiERp R Yr L8 ab kBlory §diBcddl §ERNEFQLRRAObr
sends 15 signal "corresponding to the address
(| odadsensvys dépeadspar the quibmchipalswicy's partitiglat dpplication and whether
device operation is preprogrammed, controlled by remote means, or controlled by
feedback from its environment (i.e., biofeedback).
Optionally, the activation means may provide an output signal. The output
30 signal from the device, after conditioning by suitable circuitry if needed, will be
acquired by the microprocessor. After analysis and processing, the output signal
can be stored in a writeable memory chip, and/or can be sent (e.g., wirelessly) to a

remote location away from the microchip device or other controlled delivery
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demul ti pl exer. The denul ti pl exer routes an input,

i.e., an electric current, to the reservoir addressed
wgootkei481 cr oprocessor. I n other exanples, rupe@r/ESwh3/025774
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depensevdirsygohithe kemplexity of the control required for the application.

Illustrative Embodiments

The myriad embodiments of devices that can be created to use the reservoir
opening systems and methods described herein can be understood with reference to
30  the following non-limiting illustrations and descriptions.
FIG. 8 illustrates a portion of one embodiment of a device which utilizes
the electrothermal ablation release system described herein. The device 50

includes a substrate 52 which has four reservoirs, only two of which are shown (in
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15 requirenments of a particular application. In one
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the fluid-containing structure of interest, so that when drug is released, it enters the

fluid without contacting the subcutaneous region. This could be useful, for

30 example, for administrating a drug that if released in the subcutaneous space would
cause inflammation, irritation, other tissue injury/dysfunction, or would diffuse too
slowly into a fluid-containing structure to achieve an effective concentration in the

fluid (e.g., because of clearance mechanisms). For example, the device could
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reservoir opening technology than the electrothermal ablation system described

herein. FIGS. 11A-C illustrates a catheter tip portion 90 which has reservoirs 92 is

30  substrate/catheter body 94, wherein the reservoirs contain therapeutic agent 95 and
are covered by conductive reservoir caps 96, each of which are connected to input
and output electrical leads 98 and 99, respectively.

Optionally, the catheter can have an internal fluid passageway extending
28



FIG 10 illustrates one enbodi nent of a nedical device
80 which includes a catheter 82 which can be inserted

WO ni0a/0t1387 t i ssue | unen or structure of i nteresPCHOMRIOIERS774
whi ch has one or nore drug-containing reservoirs 34
fabricated therein, for exanple at a distal portion 83
of bh@e@aam@mal aw@om@uyal@fa dipfal endmestier. e fluid passageway can

the,substr reseryoirs are f

for PEbTm@ugicr T ik on GO0 E A §r T qunes, SRedhinre

t ec heAMaSohRANAg b ThdrdiRud fluidl; @b tiex M icelc@R delPfer a therapeutic
hundreds of m cro reservoirs could be arrayed around

t he fluit hesugh thopassagewaiéo thﬁ delayery Elpe plorong embog@ignent ghe pump is

ceaiae1 Pl Ry b&Tenctns BREE ot s bR i o e

pov"?ﬁtrﬁl?ééﬁ&%a@é@f tﬁ@ 5‘;%19@ teHrRl AR EhE YkiRY¥and connected to the pump.
el ectr ot her nal | ati on as descri bed herein.

Adv dutlage ambb@nmenh@)uﬂlbbeused,oﬁqr wnaﬂd, in thet marhagemantchfimhronic

86 can be | ocated oxi mal end t he cat het er
o0, P o ek aaisaor Atrany | e ARy GE Augtabpiagiag FSHgoirs can be

de' gycﬁwe@@)t&l or i $heh to"f't}fefﬂatﬂefe@c(ﬁ? i PSR devict that is
25 the catheter body or suppor on an inner or
10 ut éocatadrdt ﬂmeprommaﬂl endaf the tahetbioahyl. rele%e dighgSntoRat iefusion fluid
Appl i cati on 2Q02/ 0111601, V\h ch dj s¢|.osed. one

ohb U REh B th THGHORERERPoR{fSS 19 iy dEngRasturg that is
devi v
openpeP Uil 68 i egmysy b il of PRI L dntinaioncs

systiessedescri bed herei n FIGS. 11A-Cillustrates a
catheter tip porti.on 90 i ch, has res v0| S 92 j
subst r at & B¢ F ﬁlnweaylegistawpe%’wﬂn P Eevise eSone or

on
1§ ong%%:rtg Ib%/og élgag E%ég:fsrt@glgf%gt %ageﬁt'&nﬁﬁ‘iro ‘\r}\ﬁl’ﬁxﬁ%ﬁteﬁﬁe desirability or
connmeed &g dinge tehyard. Tmnénsms puflld ettend fromadr beeadlse @8faandf the tip
99, respectjvel Opt.i onal | i %Hg cat.heter can have an
i nt @PRHN ¢fithy eathriebada nayoRd be insrisg Witk ogs ggpaEaysERwrs. In
el /okfg%gl%ﬁdnoa%ééme O5§SR Y Bl QUL AR Qgérfsbloﬂa 8 istal end

end portion he urd passag ema

C 0 mpcbi’ti(ﬁﬁﬁ)r ﬁﬁpl‘amhﬁomﬁt d firkusdiean vﬂumhdamécmd mlwtatchamng drug-
ge. ., arefillapble reservoir containing
2Phercapeuingreseripis on dis dislend ﬁ@rt@@\fpfc@lr&%matm at pspcogd site in

t herapeug] ¢ p{mah | Qn&srbrf%é &‘Ife%gsn g@a@haog%\ggﬂn%@g@%?mol

dellvery Si n-one aced

abd gy dvadrk Yt 4 third site BELIVANESUKaRORK &f EKa@ns ghid eowldbb efagsmitted
is inserted into the intrathecal space of the spine,

t unrie thegcontrabmodple vierait eerdd be Arpdyacd do Fegogmiae %@&aset of coronary
ﬁ;ﬁ 2% Zlﬁ%‘lrlﬁ ol%c'hnﬁf&mgt?o% c%upfbeulf‘s%& to fu‘%ﬁ@%ﬁé‘?@?\%a‘ie ?gyt}ﬁ&ﬁpolwlc

ronic

2Fhe JFedinRItheyerdus dfrugatmrﬁ@h Aidhgz d@BefNYstem m@n*reae
provided (i) on or in the body of the catheter, (ii)

i n sonwsteation vty ihe venavscirpwatiqn. Threntalytis agepls are currently

P TR S e RS BRI S B T

to fap&itandoublieddil Ul andtKérbxembledthel sénsor monitors the pulse in the legs
or arms of the patient. Such a sensor could be used to justify the release of a

30  vasodilator into a region, typically through an artery, to improve circulation when

the pulse was attenuated. This design would be of value in treating patients with
peripheral vascular disease, as these patients are not currently treated with
vasodilators because no practical delivery systems are available.
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20hanhe lestepd Ot clihe gnidsementdepmmdthe ambstmtebm sheem btyheservonr 118B

reservoirs _ (when open) and the tissue structure, and

(i i yanfl sepervolsi sealifrnsion NEFRaREHOEp Ja g™ pltermetévessmiadiment, which is
conta %40@31 hgéefege;rg&r 95&5%;0 éﬁe@ﬂq hgy&gqﬁgﬁgﬁt@gﬁﬂme (e.g., for

may B FErent

c onaibolirgenitd Wherk hesceiroudilliag atddialing are cbh@udtc&ismsmmlher same side,
cap is activated, this fluid can facilitate rel ea
of tepseerigr thy anpassmend. Meauely io lystaata thegossibleyitiatiens, Ieads 1124
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Fabrication Methods

The basic methods of microfabricating and assembling certain of the
components for a device, such as the substrate, reservoirs, and reservoir contents, is
30  as known in the art, particularly those methods described in U.S. Patent No.
5,797,898; U.S. Patent No. 6,123,861; U.S. Patent Application Publication No.
2002/0107470; and U.S. Patent Application Publication No. 2002/0151776, which

are hereby incorporated by reference in their entirety. These basic device
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These hem -spherical portions are joined together at

seal 106, form ng a spherical encasenent. The case
w@eootioors? 102, 106 serve as substrates in whi cPCT/US2003/025774

reservoirs 118 are forned. The case portion could be

made of titaniumor (if hernmeticity is not required)

a pobmperentsre adapoaieo pailuds the Slepieingtleads and bleouighily tesistive

encasenent, 15 gperably.connecfin he.i nput | eads .
112 TeSPRQUSap And ¢ ciaont }niilﬁsff ﬁl@@%ﬁﬁ%@w@aﬁ?aﬂs dekcribed
110h&%hﬁh are | ocated on the outer surface of the

encasenent, with the control electronics and power
syst ens, Icohd @nbhidnaknt, dtOlithafyiaplhy, arierobadtait peinting iod ¢he like is

the encasenment. The reservoir can i de onl in the .
Sub¥pdattor eé%mglﬁotweﬂff%%’@? g1 e el for{prmPE LR gnq Teservoir
seal I}slo@mo%t?mﬁh? sﬁm{ex.ogge,fe%zws%agwa1so 39: No.

tmat exten

supﬁ?errent ation portion s into the
encagenyssl ; Ney®ssh, 198 asdibiet 6,41 &168as shown by reservoir
11811 and neservoL[ sealéextensHpn,portion 11611. In

an al t er AEPHSAHO0B OhaaIOREHE L aRYACH c hown, the
reservol i, g&&%ﬂ&#ﬁmﬁﬁf &1%%%%111 Jbgs th MaQY UL AbiGoated
substrate (e.qg., tor ~enbodl nent ere reservoir

101 | lsinhgdtanschsetdinie ane masdalcthatisf theyrareittegraliy fahmd, For
exterior the encasenent). l\/brel% to illustrate_ the
pos SknRley e reperver<aps ailgadsram be forgred using Rhgtedfthography and

WV QJ . , . t i
S GBSO e STt
di f fredeBRir diBS €dn B dprtaﬁbﬁcattétﬁind&ﬁert Qfky fioimizd pcrb$dtht reservoir

Fabricati on Met hods The basic net hods of
m cropfBEi cati ng and assenbling certain of the

1$ onpone nflg 0 h%% & %bg(ﬁr\ﬂeﬁtg ' the yecslélivgﬁrtcsgsealué "f&@%ﬁ% Sﬁﬁ%a\%te istﬁp from

eservoi Freservoir con

t he faibatioRand bgathaiehyoft tho kadierdiedsmpRsthe ir&Re difcabk Sould be
Patent No. 5,797,898, U S. Patent No. 6,123,861; U.S.
Pat dormenipite thetsibsiram isingphotelithogsaphyznd thip fimatrpesition

U. S.,_ Pat ent | icatlo ubl i ca ~11200 776,

wh 5Pl g sy Al bbb PR e Bl e ot oe
- ent ii8éd/to AOSERIrAB$h EletiEivA1GOnR6: Wh #RQ4¢cBiblk8 The leads could also
PCT/ US2003/ 025774 conponents are adapted to incl ude

20he belfermnad efitre lop afier reseovast eaptipimeationy wherg beth weuld be formed

' d lectrically.ind t
act T AR AL aee B ReCrrERaal SRUERD B ie,
sof&n&g&nggﬁﬁggﬁnpgjcrocontact printing, or the like
i's

used. For exanple, these techniques can be useful
for for ningn¢ exeepleraseradesaps are fotagsbasdnllenwsi- Phoiprgsist is

substrates. See, e.g., U.S Patent . 6,180,.239: .No,
59 glf{tg%lig 1rN§’e ?%?%%%’eiwlr apns ORghe %ll‘l\gi%oﬁté _sﬁbs:tgrate having the
2kabrbEatdiRto9ére 8 BRI mEARENSBLinSlSeld diGBéledtBBdRtdrAL The
one enbodi nent, the reservoir caps and the | eads are
f abrphotitresist is developed such that the area directly over the covered opening of the
reservoir is left uncovered by photoresist and is in the shape of a reservoir cap. A
thin film of material is deposited on the substrate by methods such as evaporation,
sputtering, chemical vapor deposition, solvent casting, slip casting, contact
30  printing, spin coating, or other thin film deposition techniques known in the art.
After film deposition, the photoresist is stripped from the substrate. This removes
the deposited film, except in those areas not covered by photoresist (lift-off

technique). This leaves material on the surface of the substrate in the form of
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10 sinmul taneously fromthe sane material, that is,
they are integrally fornmed. For exanple, the

w0 e®e0v@8T caps and | eads can be fornmed using PCT/US2003/025774
phot ol i t hography and thin filmdeposition techniques
known in the art. Alternatively, the | eads and
I eSEEs Y DIr capqosAm: a]merhaiivpmedﬂmﬂ iinlv,'@llvesjdqnditing ¢hre matefigloaer the

mount ed a r 0SS, reservoi.r eni.n l.Ln
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bet BBE BlesmAslgh bpag e Fice] flin %’fec FightRo e PgtiFeFis s then

add { thd SRrvGANt tliB&esses of
res gt?igggd g&%@gnﬁleﬁalg{s&g 0 u?‘%lrﬁgso 20 rgg?égo C(ng]éﬁor e o8Ses 0
or gHetredervait&dpviiterisldpbétovesm0d.0b nm adeseeehbinivrowsul d be
formed before device filling. This |later approach may

be usef uln the cessrishre theresgrvopr @Pde thegame maptergal aﬁgqeéeadpﬁhe
one eg? égéoel ednlr ca%slgy }‘?&! Jonﬁ O%S%{‘lﬁ tl{ ?é %%oacﬁmfle% 1%8% interfaces. In

Pho erne Fm of reservo

16 apsheasd Wherd Whd REG VOt cindIHO Rl a,feeomﬂésirﬁgartcbﬁlpoﬁﬁons the
reservoirs covered by the thin nenbrane of insulating

or ditenfasetconeectian é daintermpiallisivncsions The cornegiiqns|te ghegpower
2:{' C?%Ltgg oy h?}g%ge ay tgellqyltgcfniai 3 Ne&ls ha)e%hlg ohs 1r$)%n8§1 %o'i‘cﬂe ine, and

uncover e ores
IS ke lidee shape of a reservoir cap. A thin film of
material is deposited on the substrate by nmethods such

as evaporarddbesion bﬁgnm@ybm@ecesﬁh@rfp@awr@a ion between the

| t t { tact, 30
15T Ailraf g et B S aee O BRI o GRS s re
t eCIﬁEHnﬂ,HﬁSchlﬁE}ﬁWﬂq iafd bighidirh - Tecﬂﬁﬁc?f es o MISRAS hdlediBn layers are
the photoresist is stripped fromthe substrate. This

r enwiedlknowiman thepsti ted film except in those areas not
cover ed Ei !Eh[ot itrgefsi st (lift-off technique). This

| eaves e surface of the substrate in the
formof 3R &ggﬁlgéﬁﬁ&ﬁsﬁgﬂ%@&&tﬁg15117a¥e4'1alsr RE éépﬁéitéd over

caps. An alternative nmethod involves depositin
20mt ¢d 1gberpoie pap, heads,ementite sufadead dhodevidedyduetheds, Such as

tt t he thi fil [ .
R oS B Pl bl P, o
t hatsglhfb%aﬁtgﬁfoqﬁs&bﬁhe héase &V&mande hgostBARY R o l?hf"biliﬂf?

shap reservoi r caps, and etching the unnas
mat &xkmiples of sichgnpikersisnchide rmxhba,rmtrrdles chdndesadiampuh 'Dlng

t echni ques.. The phot oresi st stri I ea
i SR dpReieys rfE‘Of‘}‘féerB Sof§ame sr*@%ﬁeaﬁlat?fﬂ
251" GkDEBROS Ofs. Pt ABAIRGYOA PusifRiBRIB! b@3/ 0080863 eaen
m and severa ons. In the case where t
r es ennanrystadlipe dianiohé.) s Bnmereatbedinadnt abe pinter lagadsamptrisa a single
layer or a multi-layer/laminate structure that includes combinations of silicon
oxide (SiOy), silicon nitride (SiNy) or silicon carbide (SiCy). In one embodiment,
photoresist is patterned on top of the dielectric to protect it from etching except on
30 the reservoir caps covering each reservoir. The dielectric material can be etched by
physical or chemical etching techniques. The purpose of this film is to protect the

reservoir caps and leads from corrosion, degradation, or dissolution in all areas

where they do not have to be exposed to the surrounding environment, to shield
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| ead-reservoir cap layer is continuous and there are
no connections or interfaces. In 10 the case where

w0 b@4oeger voir cap and the | ead are of di ssim PEF/US2003/025774
conposi tions, the interface/connection is an
intermetallic junction. The connections to the power
s 0 u eleetrically owivemdmpbyents et theomatva @vireamsnt, fid fo-cohinge the
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described in U S. Patent Application Publication No.

2003/ 008@@%2—1@ , hanocrystal line dianond.) In one
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nitride (SINX) or silicon carbide (SICX). In one

e b deiBsrEaFtimplantabion date patienits). élawf‘e‘ﬁﬁ'&ﬂl@ﬁmt s dsvice fre
19' © lh%ﬁﬁert{cﬁllg gesaﬁ)e(r:doéfex%ld n% tlger t‘?&tg B Dk oq)%%ﬁk@tsgﬁgﬁ& §¥ %. p%ckaging
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mat @friv@lires al’heh&nﬂ‘pﬂ@%kn@stmﬁhu‘s 1 ©efdrs @ ancdme sl casing, or other
et chi ng techni ques. The purpose of this filmis tq

pr otcertrinmeat dedesioy sncras%laﬁse aneirate £@utrek deptiopics el wer
ggg:?gdat | O@ ‘g 9 gllyso \V’Eé fe%ﬁl@iﬂ&\%rragﬁ &raﬁgﬁ{sgwhlaﬂgower), sO

expose rroun

enviak @ g ohl tﬁé‘ﬂeﬁa@’e Sde HBhe OQA{RiE 4 Bekervoir caps.
PCT/ US2003/ 025 74 el ect r| cal I y act i ve conponents from
20he Using thedEleetvpthgnmaht blagian Beseis ,_4?%,”' Systems/Devices

glngggla?nlsl 1@ cop%gl&qﬁeﬁﬁﬁ%e/e%ﬁ?&?é v1ceS§ ljl(r:l gstg' VoL esglbi‘lqled herein can
Ni t rjedBed i INKdeQariety dflaﬁmaﬁefnsd PréfoireX )tp}ﬂfc@tl&ﬁﬂﬁdudﬁﬁe

bet ween the substrate and the | eads by nethods 5 such
as Comyoléidetslivony ofr dreg btp@@lmlr@/ apaeem mntlors%mepérEmgc,)dlments

pr e Qongﬁoﬁf[tb?ﬁ% &ng@gﬁ %iﬁl tgﬁ ylllugﬁjgf&\{ crdliments above,

28cCt 'aYl@ otlef 8o diRtbntsRe &ét@i%dr&'lcﬁv if the substr at eis
an electrical conductor. Such electrically

In one embodiment, a microchip device, which includes the electrothermal

ablation reservoir opening device described herein, is provided for implantation
into a patient, such as a human or other vertebrate animal, for controlled drug
delivery, locally, regionally, or systemically. In one embodiment, the microchip

30 device can be implanted in vivo using standard surgical or minimally-invasive
implantation techniques. Such microchip devices are especially useful for drug
therapies in which one needs to very precisely control the exact amount, rate,
and/or time of delivery of the drug. Exemplary drug delivery applications include
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conducting insulating |ayers are al so deposed between
| ayers of netal traces when they nust be stacked on
wo op40f14€nch ot her, for exanple as in devices PEEUS2003/025774
utilize 10 matri x addressing of the reservoir caps.
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I N apenREDes 88Rin adadiRsRQybme is 15 hernetically ‘
seal ed by wel ding the substrate to one or nore
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| d
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anti-VEG- aptaners, and certain _anal gesic agents. In

ot heeriainns @f thermethodspnddlexiees dasprabaseherain mall be abvious to those
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Pat ent Application Publication No. 2002/0111601. In

anot her exanple, it could be incorporated into
waraitoerssedi cal device, in which the present PEWUSHS3/025774

and systens release drug into a carrier fluid that

then flows to a desired site of adm nistration, 10 as

il W¢clatned for exanple in U.S. Patent No. 6,491, 666.

The devi ces have nunerous in vivo, in vitro, and

comer ci @ d&liRuBPEkIcentralRA rbleael 0@ BEpostito fdeseEstScantdts

capabl e of delivering precisely netered quantities of

nol eempasingnd t hus are useful for in vitro

appl i cations, such as anal vtical chenistr dru . .
di scovery, an@ THE P E?ré%fﬁioog & ge,c %&ﬁ%‘ﬁduggve Material, which
bi oAbk khARMGREIRRTS ﬁ%%a%n%éuttﬁtﬁn a8l devREeY¥in@brevents
factors to cell cultures. In still other non-nedi cal
appkpaticorshe teservoid evntents tamelegulesiontside ofitheslevice] ease

of fragrances, dyes r_oth useful chemcals. Oher

met hods. of - ushglee R CibaTBE sBRe SR Terra s ey

ol ecul es, as WeldeirRal ot 16RAFRAHGICo 8RG8 RIPEap, such that
rel ease of secondary devices, are described in U g

Pat epos apydicatorvef7an39&; riddd curgnt A8 o@dthe Meserveirsaf, vigthe input
No. . 6,491, 666; .. 20 6,5bh1,838 and U.S.. Patent .
Apph§adzn GHUPRHISPAAF TeSOREP BBBINtRF9 74laase R Skpose the reservoir
200%%18%%%470; No. 2002/0151776; No. 2002/0099359; and

No. 0010808. Publications cited herein are

i ncorporated by reference. Mdifications and

var igat i orhed@kvich of ¢ieinh b dartAsctodRyisigs sdate oif blediricgoeaienfor
will be obvious to those skilled in the art fromthe

f or egpivig theelsriried cyEsely i pti on. Such nodifications and

25 variations are intended to cone wthin the scope of

t he ,appended, cl ai ps.. 34 2004/ Q/71487. . .
PCTAUS2008 0555941 T £ ohfr Mg mAN R tiqnpf opgical currnt
conty@liLie thetB PRI Lo caieeh BRUERP Hatur € SEhY MsErveRthf IS Micrease
conprising: a reservoir cap formed of an electrically

c ongueterentalippecanpandd, towhd emperate ehths ledds. r eser voi r
contents from passing out fromthe device and prevents

exposure of the reservoir cont e,ntg to nol eculgfs

out & de dfherdsricgefriaun 1 ok 2eVBeER tRafeseplicap sdgrmed of a

con - sai daf: MO 1 ' g terial
oo P8 SRR BB LS el e
uporfoapipkitieateadsn of an el ectrical current through the
reservoir cap, via the input |ead and output [ ead,

the reservoir cap is ruptured to rel ease or expose the
r esef.voi rTheglsniceof slaim 1 orRewherpindhe eserypiicap and eads ae formed

f ggpog :t %Qﬁ?ff@?‘[ﬁ%tglgl%}? z?réigtge %sgr%%lrrlc%p BSYE gmrftl?err cro%g-géc\fi'ornlgl area in the

direction of electric current flow.

6. The device of claim 5, wherein the leads and the reservoir cap have the
same thickness, and the ratio of the width of the leads to the width of the reservoir

cap is 2:1 or more.

7. The device of claim 5, wherein the reservoir cap has a thickness that is less

than the thickness of the leads.
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3. The device of claim1l or 2, wherein the application

of electrical current through the reservoir cap
w@ausmes148he tenperature of the reservoir cap tRCT/US2003/025774

increase preferentially conpared to the tenperature

of the leads. 4. The device of claim1l or 2, wherein

t he8r eseThodevicagf dlamt b mwhettintheaatioref the thitkivsyofithe keads to the

mel ti. oint which differs fromthe nelting point of
thetthﬁpg‘?’@g“ioﬁhelfeé‘?rﬁ?lﬁ@aﬂﬁg'f%rei‘agr.e'5. The device of
claim1 or 2, wherein the reservoir cap and | eads are

f or ged S . i t ViQl

nasoa smaf SVTes SRt B, Hior e e Rert R B R rnfER o

of glaggial which ¢ digfetent From thé maldiial fhemirgetholeadb.ai m 5,
wherein the | eads and the reservoir cap have the sane
thi ckness, and the ratio of the wwdth of the leads to

t hel@vi dt Rhofetitreofdainry Y ovherein thg reserwoin capris flymed of a nipiesial
devjce of .claim5, wherein the reservoir,c has a

i b dffeer st Mg MR R Rin € BB e

| eads. 35 WD 2004/ 071487 PCT/ US2003/ 025774 8. The
device o s ' : ratdo.: {: ' :
of " tFic 1 CREEBHEE fE Ry SR he Bl ag i orbit A RRfera
2: lhoningadfferént tHdmmaliédiusieitpbr theanahcdnductiRity iaartied material
the reservoir cap is forned of a material which is

di f famépg thedeadst he material forming the |eads. 10. The
device of claim9, wherein the reservoir cap is forned

e 2151 TPoARriRg ot g argiitet | 1 FEowih s gt O fes o

9, wheleim the reservoir cap is forned of a materi al
having a different thermal diffusivity or thernal
conductivity than the material formng the [eads. 12.
The 18evi The dévianyf dbincl Biwterdn the mdal fihecanprisehef a metal

reservoir cap conprises a I}Etﬁllf {i,l m 13.. The device .

of &¢lggied from s grWP GORHENGAL gP10 PlafIWPniiaPYEL cgpPes, alummnum,
met S ; LSLl i ,

M R

gol dickeViitaninngbhhdyktingalsiicglr mani um al | oys,
platinumiridium nickel/titanium and platinum

silicide. 14. The device of any of claims 1 to 12, _
wherdi n {The desise pfaiyrofsigine dipd 2.cukercimihe jepyreolr ggiegognprises

of nmetal. or nmultinple |ayer.s.of al .
sertobies Hst brmtra DR ety 3 spmicqnaeig,
14, further conprising one or nore |ayers
15.  The device of any of claims 1 to 14, further comprising one or more layers

of a dielectric material on at least a portion of the reservoir cap, the leads, or both.

16.  The device of claim 15, wherein the dielectric material comprises oxides,

nitrides, carbides, diamond, fluorocarbon films, or combinations thereof.

17.  The device of any of claims 1 to 16, wherein the reservoir contents are

located in two or more reservoirs provided in a substrate.

18.  The device of any of claims 1 to 17, wherein the reservoir contents

comprises at least one therapeutic or prophylactic agent.

36



of a dielectric material on at |least a portion of the

reservoir cap, the |leads, or both. 16. The device of
wW@b@unvik87 wherein the dielectric material conpCi/BEem03/025774

oxi des, nitrides, carbides, dianond, fluorocarbon

films, or conbinations thereof. 17. The device of any

of ¢9ai ndhd deded & claihne?, dintharlgempusiggvoi r contents are

| ocated in two ar re reservoirs provided in a

substrat e. 18?S%W@3 evice of any of clains 1 to 17,

wherei n the gY@l of FRBLEHE i the MMRELSSVhakin B8 sdseR0R

t herapeutic or prophyl actic agent. 36 WO 2004/ 071487

PCT tiS2108. 3710 @5 IdipristInolEtidesy e vecoadarfy deviaé,ror Rotht avetlbeated in

conpr.i.sing. a_substrate; a plurality of reservoirs in

thesﬁﬂBQFggyéf“ﬁﬂan?n the reservoir contents, which

conpri se nol ecul es, a secondary device, or both, are

| oc %b.ed e flg\%éjaligc!lﬁﬁﬂé thm?Pisiﬁg 5 bR idofe redSvoild'Gositioned in a

devi'Ce of "claim 19, "conprisfrng Four or nore reservolrs

positwo-ditfehsidhabarrdMp 11H swbsgdtanal array in the

substrate. 21. The device of claim 20, wherein the

input leads to the reservoir caps are electrically

condéct edhe deyias af ¢laim B whevein 8fe inpus leads g/ thgmeserypar caps are

out put, | eads fromt he ervoir.caps are electrjcall

conRBEwIaTY forara orerslet Bareimer §F BEnEh) s §ibbbEaY fom the

devi&erRir GhahiielRirichlly bhiiece iPprdild) By BB R G theLatay.

conponent or system for detecting an open electrica

circuit between the |eads of a reservoir cap that has

been2r uptlheddvict of sleim 19, furlsecemprisiag en elegtric2Bconijoment or

device of any of clains 19 tqQ 22, wherein the )
r es Sy AOTdsiHRCEAE g0 OE?ih‘i}?‘?t%@g cycyipbetyeen @ﬁi@aéﬁpf a reservoir cap

co Y I I : . .devi ce of any of

cl gTiiﬁ[;l ndé%igg?eg @@@U@ﬁ%}?ﬁ%ﬁﬁ?ﬁp%@m i vation ?/reans
for controlling said application of electric current
thr oygh eagehielies 8f ¥R of SaRs 18% 2T ReheilaM kigere@drvait dbdtnts
24, wherein said activation neans conprises a

m creopposessseleass systent eonmmishigrisug melectlse devi ce of
claim?24, wherein said activation neans conpri ses an

active electroni¢ co nent _effective to eljmnate.
ani Aflend deLEF P SgY To 35 S PR Boo g Siopymeans

26, IRTE : i-v.e: el [ '
2 SR ISR R0 CRBRRERL GO by
19 to 27, wherein the substrate is in a shape

sel est ed THeQIVich Of Glaib R4, CINGES ishidGicti¥atidn SKeins comprises a
cylinders, or spheres.
microprocessor or state machine.

26.  The device of claim 24, wherein said activation means comprises an active

electronic component effective to eliminate unintended reservoir opening.

27.  The device of claim 26, wherein the active electronic component comprises

a diode or transistor.

28.  The device of any of claims 19 to 27, wherein the substrate is in a shape

selected from the group consisting of disks, cylinders, or spheres.
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37 WD 2004/ 071487 PCT/ US2003/ 025774 29. The devi ce of
any of clains 19 to 28, wherein a dielectric materi al
WO 2004/0748T posed bet ween the reservoir cap and PEEUS2003/025774
substrate to thermally isolate the reservoir cap from
the substrate. 30. The device of any of clains 1 to
29, 20hi cEhé devicesuflany npcaiers 1900 28nwheneinl adickbirie noatenpl is
deljvery device. 31. The devi of . c) ai 0, further
CorHSTRISRE DSFoRR ferew R R T OSSP R fggdit isclet the
physik 8§E§?ﬁoﬁﬂﬂgélkﬁﬁn.at | east one el ectrode for
provi di ng ectrical stinmulation to the body, a
catheter, a punp, or a conbination thereof. 32. The
devage OThaawis ofehiofBlaing Dto3Mh, wididhab aissbqoaioneiit of an
m crochi p device. 33. The device of any of clains 1

t o Baplanipble drigddebizeny dsvican i npl ant abl e cat heter. 34.
A nethod for the controlled delivery of nolecul es

co i sing: 0Si t i oni at, a presel ected. |l ocation .
devke white oo s 16 o%tned penET Rt SR L gl fgpdt Indloative of
mol g @H%{S%\io iggl%oﬂﬁ‘ﬁbﬁ,eat Na¥ 3 dideg oDl pHveding electrical stimulation
delrvery a a reservolir cap forned of an

el eat the bady, cathettnct punep, wa & eombinatign tlergof.event s sai d

nol ecul es for delivery from passing out fromthe

devi ce; and applying an electrical current throu Elg .

sai 82r esdhe devicaafanywf slazms 1 & 3@ ovhiehys per o ¢ nPlé%?g fgvice.

an electrical output |ead which are electrically

P R s B R S T

fromdbg. device to the preselected | ocation. 35. The
met hod of claim 34, wherein the nol ecul es conprise a
rel ease system conprising drug nol ecul es. 36. The
met Bad ofA slktibif@4he vérarodlicd dsliedy afypblecats compising:

el ectrical current . through the reservojr.cap.causes
the tenper at uPesiBenipgat 3 pegsledsd loeaéwntaodq‘ff?@ rV@H provides the

ARSI S O Bl s
net hedriodf cap fermednifraolcleetticd By toratuytiof matotielowhiels prevents said

conprising: positioning at a preselected | ocation the
devinede@fesay dedivarydror passmg ovf from thadeyige:ifine

reservoir cont ' | v
and appl ying %%ﬁ@?é%{@%%tg?ag %klgﬁitﬂotﬁ }%%‘8% ﬁ&;&a‘ijzog%raﬁ’ via an

I eseatRidal Bt le¥d and dvecledtéed bupat lehdiphichl seaeleatridaltyh@nnected
el ectrical output leads, to rupture the reservoir a?
t o to said reservoir cap, to rupture the reservoir cap to enable the molecules to pass

outward from the device to the preselected location.

35.  The method of claim 34, wherein the molecules comprise a release system

comprising drug molecules.

36.  The method of claim 34, wherein said application of electrical current
through the reservoir cap causes the temperature of the reservoir cap to increase

preferentially compared to the temperature of the leads.
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nethod of cIa|n138 wherein the reservoir contents
CONMBRI Se MeHmBAFSthe B6ntRAEBE eXpRROrsuTeRtvoirkdntehty ®iniRRing
for the controll ed exposure of reservoir contents
c 0 rrp rising: postieningpirprasclectqst losatioas deyioeadueh pievidse
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r es 8?% Iedceéﬁ?sélﬁ? &St %Oégeni St %rh)%k’%lgws%revou Gogtents and
applaytidesyaiicapl fBhdd Fah efdétiRIY chitfvetiodmaRiid]l WESE hitvetits
cap, via the electrical input lead and the el ectri cal

out puposlueea@fsthe teservoip contents frmelesley ovtside gp theglevieg gbe

t he sec evice to nol ecul es at the presel ected

| oc BTG Ctegg‘y 384/ 071487 PCT/ US2003/ 025774 41. A

met hod of fabryj Fﬁl g8 e@ec@ﬂ:\él E@rdn@ thrbih safveE@Véi€bap, via an
exposure or ease of nolecules or secondary devices

co nwﬁﬂcmqagmpﬁ‘dﬁad oyl an qi¢<11im@ﬂ pu@oubkeaci whishvgi ¢1§0trlﬁalh’ connected
substr aé g& each (1{1 I esegovo rs tﬁﬁ o8I+ contents to
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operahl HolcANAes thfte Wi dchedaaedtioneser voi r cap an

electrlcal I nput lead and an el ectrical output |ead;
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di st39i butTemerkahsf claiapdh ndieadin telreervonedontnésseinngisana sensor
el ectrical current through each reservoir cap, via

t he GrABRFOT FRBRPIEA output lead, in an amount effective

to rupture the reservoir cap. 42. The nethod of claim

of (40 hihelm ol B SN Caf SR ERaRhy P Cori e

of cl a' m 41 orpodifionfniglat B Bfes6loftBd icthtich e AEVidEof & one of claims
reservoir cap,
1-33, wherein the reservoir contents comprises a secondary device; and

applying an electrical current through said reservoir cap, via the
electrical input lead and the electrical output leads, to rupture the reservoir cap to

expose the secondary device to molecules at the preselected location.
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the | eads, or both, with a dielectric material. 44.
The nmethod of claim41 or 42, further conprising

wo coonioTig8a | ayer of a dielectric material on PEEUS2003/025774
substrate, wherein the dielectric material is

i nterposed between the reservoir cap and the
sub4ir at & methodh ef fabtitafinggoiesice forbe cermllpdiexpasurs orfrelgase of

the substrate. 45. The nethod of any of clains 41 to
44, "PE‘?“‘P 8T E?fﬁﬁ?%gﬁvdcq%ga}pﬁl&m?he reservoirs wth
reServoir Congsplify a fralf6r ABdH6IEs iafa sabethane; 45,

wherein the reservoir contents conprises a rel ease
syst em conpr i sippingkagly ofredidrasewyeirs with an electrically conductive

reservoir cap;

forming in operable connection with each reservoir cap an elecirical
input lead and an electrical output lead; and

providing an electrical current supply and distribution means
capable of selectively passing an electrical current through each reservoir cap, via

the input lead and output lead, in an amount effective to rupture the reservoir cap.

42.  The method of claim 41, wherein the leads and the reservoir cap are formed

of the same material in the same step.

43.  The method of claim 41 or 42, further comprising coating the reservoir cap,

the leads, or both, with a dielectric material.

44.  The method of claim 41 or 42, further comprising forming a layer of a
dielectric material on the substrate, wherein the dielectric material is interposed
between the reservoir cap and the substrate to thermally isolate the reservoir cap

from the substrate.

45.  The method of any of claims 41 to 44, further comprising loading the

reservoirs with reservoir contents.

46.  The method of claim 45, wherein the reservoir contents comprises a release

system comprising drug molecules.
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