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CONTROLLED RELEASE DEVI CE AND METHOD USI NG

ELECTROTHERVAL ABLATI ON Background of the Invention 5
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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 rélease of
30  drag molecules or other contents from the reservoirs, ensuring reliable and
consistent operation. It would be funther desirable, particularly if active devices
- have many reservoirs, to provide a simPﬁﬁed means for electrically addressing

- each of the reservoirs. -
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the I nvention Devices and nethods are provided for the
control |l ed rel ease or exposure of reservoir contents.
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have the same thickness, while the ratio of the width of the leads to the width of the

reservoir cap is increased, preferably to 2:1 or more. Increased current density also can
be achieved by fabricating reservoir caps with a thickness that is less than the
thickness of the leads. In other example embodiments, the reservoir cap is formed of a
matenial 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 example embodiments can be employed.
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I n accordance with another aspect of the preserstFebruary 2007
invention, there is provided a nethod for the
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Brief Description of the Drawings FIGS. | A-B

illustrate a cross-sectional view (FIG | A and a pl an
view (FIG 1B) of one enbodi nent of a portion of a
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woz o)r‘)?r%% of the same material. 5 FIGS. 2A- Wﬁ@?@%ﬁj@ a
cross-sectional view (FIG 2A) and a plan view (FIG
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FIG. 7TAisa perspective/cross-sectional view (FIG. 7A) 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 viéw, taken along line B-B in
FIG. 7A, illustrating the same embodimen,
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 elebtﬁcally connected to said reservoir cap, and a source of eleciric power for
applying an electrical cuneﬁt through each reservoir cap.
- FIG.9Aisa pei‘spe_:ctive view of one embodiment of an ﬁnplantable |
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| eads el ectrically connected to said reservoi n5&abmary 2007
and a source of electric power for applying an

el ectrical current through each reservoir cap. FIG 9A
is a perspective view of one enbodi nent of an
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control |l ed reservoir opening. Cener vice
has a reservoir cap that is positioned over a
reservoir openi Bgtailed Pesriptiph ef thednvengionnt i |  rel ease
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in 20 an amount effective to rupture the réeservoir
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to any theory, the heating causes the reservoir cap fo degrade by melting (or
vaporizing), thermal shock, and/or a mismatch in the coefficient of thermal
expansion, thereby displacing the reservoir cap from over the reservoir and/or
creating an aperture through the reservoir cap. This activation mechanism does not
depend on a separate resistive heater element, for example, attached to an outer

surface of a reservoir. (This rupture process is analogous fo the process by which a

conventional simple electrical fiise heats and then disintegrates (e.g., bumsdup)

- upon passage of an excessive amount of electrical current through it.)
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creating an aperture through the reservoir cap5 Fébrusry 2007
activation nechani sm does not 30 depend on a separate
resistive heater elenent, for exanple, attached to an
outer surface of a reservoir. (This rupture process
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Substrate and Reservoirs

The substrate is the structural body (e.g., part of a device) in which the

reservoirs are formed, e.g., it contains the etched, machined, 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
- substratefreservoirs from a variety of materials. See, for example, U.S, Patent No.
6,123,861 and U.S. Patent Application Pﬁb]ication No. 2002/0107470. Examples
of suitable substrate meteriais 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
5 _
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defined peri tinme’into bioco
poly(glycolic acid)s, and poly(lactic-co-glycolic acid)s, as well as degradable

“poly(anhydride-co-imides).
The substrate thickness can vary dependiﬁg upon the particular device and

' app]icatibn using the activation system described herein. For example, the

. thickness of a device may vary from approximately 10 pm to several centimeters

(e.g., 500 pm). Total substrate thickness and reservoir volume can be increased by
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 |
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application using the activation system escn
herei n. For exanple, the thickness of a device may
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contents; such as a catalyst or sensor, generally does not require release from the

reservoir; rather their intended fanction, e.g., catalysis or sensing, occurs upon
exposure of the reserveir contents to the environment outside of the reservoir after
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

reservoir in order to pass from the device and be delivered to a site in vivo to exert
‘a therapeutic effecton a patlent However, the drug molecules may be retained for
certaln in vzzro apphcatlons ' '




20 isolated (e.g., protected from the enviromnf®abruary 2007
outside of the reservoir until a selected point in
time, when its rel ease or exposure is desired. In
vari ous enbodi nents, the reservoir contents conprise
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In one embodiment, the drug is a protein drug. Examples of suitable types
of proteins include glycoproteins, enzymes (e.g., proteolytic enzymes), hormones
(e.g., LHRH, steroids, corticosteroids), antibodies, cytokines (é.g., a-, B-, or -
interferons), interleukins (e.g., I.-2), and insulin. In one exemplary embodiment,
30  the drug is a bisphosphonate. In another éxemplary embodiment, the drag is
' 7 .pa;rathyroid hormone, such as a human parathyroid hormone, e.g., hBPTH(1 -84) or
hPTH(1-34). Inastill ﬁ.lﬂ]ief embodiment, the drug is 2 peptide with natriuretic
) activity, such as BNP. In yet another embodiment, the drug is a calcitonin. Ina |
- 10




nucl ei ¢ acids, oligonucleotides, polysacchari dg¥ebrafs 2007
synthetic organic nolecules. |n one enbodi nent, the
drug is selected from nucl eosi des, nucl eoti des, and

anal ogs 20 and conjugates thereof. Representative

' s of drugs include anal gesics, anesthetics
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patient in need thereof. In another embodiment, the construction and placement of

the microchip in a patient enables the local or regional release of drugs that may be
too pofent for systemic delivery of an effective dose. The reservoir contents in one

- reservoir or in one device can include a single dg or a combination of two or

30  more drugs, and the reservoir contents can further include pharmaceutically

acceptable carriers. o i

_ The molecules can be provided as part of a “Telease system,” as taught in ‘

- . U.S. Patent No. 5,797,898, fhe degradation, dissolution, or diffusion propeities of
, 1 _




15 nol ecul e. The controlled rel ease devi ces desgeblgs 2007
herein can deliver such nolecul es. Advantageously,
however, the controlled rel ease devices descri bed

herein may obviate the need to PEGyl ate t he bi oactive

nol ecul e, since the bioactive nolecule can be
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that degrades, dissolves, or allows diffusion of molecules through it over an

25 extended period. In addition, continuous release can be approximated by releasing
~ several pulses of molecules in rapid successioﬁ (“digital” release, analo,;gous to the
 digital storage and reproduction of music). The active release systems described
~ herein can be used alone or on combination with passive release systems known in
the att, for example, as described in U.S. Patent No. 5,797,898. For example, the
30  reservoir cap can be removed by electrothérmal ablation as described herein to
-expose a passive release system that only beg:ins' ifs passive release after the -
- reservoir cap has been activély removed. Alternatively, a given substrate can.
- include both passive and active release reservoirs. |
12
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antioxidants, antimcrobials, preservatives,

bufferi ng agents, surfactants, and ot her addi ti ves

useful for storing and rel easi ng nol ecul es fromthe

Wozgﬁ??g{%?' rs in vivo. 15 The rel ease system ’8%?‘1%@025774
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Examples of sensing components include components 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

or other mammal) and the reservoir contents comprises at least one sensor

indicative of a physiological condition in the patient. For example, the sens_br could

monitor the concentration of glucose, urea, calcium, or a hormone present in the
blood, plasma, interstitial fnid, or other bodily fluid of the patieﬁt. |
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i relay e eighal dnthe microprocessor used for controlling release from the device.
25  Such a signal could provide feedback on and/or ﬁnély control the release of a drug.
In another embodiment, the device includes one or more biosensors (which may be
sealed in reservoirs until needed for use) that are capable of detecting and/or
measuring signals within fhe'body of a patient,
As used herein, the term “biosensor” includes sensing devices that
- 30 transduce the chemical pbtential of an analyte of interest into an electrical signal; as
- well as electrodes that measure electrical signals direcily or indirectly (e. g., by
 comverting a mechanical or thermal energy into an electrical SIgna]) For example,
. the biosensor may measure infrinsic electrical signals (EKG, BEG, or other neural
_ _ 14
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The reservoir cap can be made from various materials selected to provide a known

]

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

following equatibn:
/ ' :
rR=EZ EQ.1
wi ‘ 7
30 where p is 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 elecirical
| 15 o
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brica &g tomnimze their electrical 15 15
F A parameters include physical propertles such as the yicld and

faihure strengths, and thermal expansion coefficients.

In some embodiments, the application of an electric cutrent through the
25 reservoir cap, via the input lead and output lead that are connected thereto, causes
the temperature of the reservoir cap to be increased preferentially compared to the
temperature of the leads. |
Representauve examples of smtable reservoir cap materials include gold,
copper, aluminum, silver, platinum, titanium, palladium, various alloys (e.g.,
30 AwSi, Aw/Ge, Pt-Ir, Ni-Tj, Pt-Si, SS 304, SS 3 16), and silicon doped with an
- imparity to iﬁcreasc electrical conductivity, as known in the art. In one

| embodiment, the reservoir cap is in the form of a thin metal fitm. In another
i_cmbo_diment, the eleciﬁcally conductive material of the reservoir cap is 'si]ico_ﬁ that
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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 thai; is less
thermally conductive than thc substrate. Although an equal amount of heat is
: generaté_d in the leads and in the rwerv@ir cap, the heat ge;nera’téd in t_he leadsis
‘ 17 ' R
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1 8hickness is Bl opgreatere Gl B0z 2710 Thgse Uncekingiedesigaeraussi Iocatizqd,

t antl}lg OP&E ?etsgrrvgir ggp &pgﬁ algp Rtionof an ,glga:rical current across the

leads and through the reservoir cap, due to the increased current density resulting

from the decrease in cross sectional area in the direction of current flow in the

- reservoir cap with respect to the leads.

In yet another embodiment, the reservoir cap can be formed of a material
that is different from the material forming the leads. The materials may be selected
-to take adﬁantage of material properties that promote rupture of the reservoir cap
with less power than would otherwise be feqnired (e.g., for rupture by melting, a
low Ty may be desirable, or for rupture by thermal shﬁck, 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 |
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conductive material when the reservoir cap is in

contact with (e.g., the device is placed in) a nedium
that is less thermally conductive than the substrate.
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in the direction of current flow-in the reservoir cap

widnh Theslidertric matetid wogkidben be removed from directly underneath the

reservoir cap before operation of the device. Examples of suitable dielectric

materials inclide silicon dioxide, siticon nifride, and silicon carbide.
Tn ‘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
niethod, 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 réservoir “cap by a selective method, such as laser-

mduced chemical etchmg, yielding a configuration such as shown in FIG. 6, whlch
19 '
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support for .the reservoir cap while greatly reducin
25 haderenylideqidc maigrial fayst 13p interpened pefpaen the gepdudtive materia

EXRERIAL Yhe reservoir cap/leads and the substrate.

It yet another embodiment, a layer of thexmal oxide is grown on the silicon

substrate before depositing silicon nitride. The reservoirs are then formed by

etching from the back of the substrate by the method of deep reactive ion etclﬁng.
30  This efching step is selective against silicon dioxide and will stop on th_e 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 S



values for the total thickness of this diel ectlsq:@bmaryzomr
material range fromO0.1 mto 10 25 pm The dielectric

mat erial would then be renmoved fromdirectly

underneath the reservoir cap before operation of t he

: Vi Exanpl es of suitable dielectric nmateria
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| BosARinb® i EidhoUihbdsicntiGra b tﬂ@%ﬁgﬁa SFor instance, the reservoirs

could be arrayed in the substrate 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 parailel by column. One example of this
30  embodiment is illustrated in FIG. 5A and 5B, which shows conductor material 14
o forming rows 32a and 32b and columns 34a and 34b. The éonductor material 14
also forms input leads 18, oﬁtput Ieads 20, and resefvoir caps 16. In an alternative

design, which still uses the interconnected rows and columns, the reservoir caps are




reservoir cap is exposed, yielding a configurabiFesuary 2007

such as shown in FIGS. 7A-B. These figures show a

part of device, which includes a substrate 10

containing reservoir 12 (having bottominterior

surface 11) wherein a reservoir cap 16 covers the
WOLUONR i r and is integrally formed with PRHFS2043ep5774

out put | eads 18 and 20, and 25 wherein dielectric
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reservoir cap 15 and | eads fromthe environnent,
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25  elements added at each of the intersections. These could be made of the same

material as the reservoir caps, but would not be located over reservoirs. The
purpose of these additional conductors would be to prevent an opérable reservoir
cap from being the final cap in any row or colurn and thus 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

' zeservoir opening by resistance measurement.
o 22




undesirable contact or reactions (e.g., oxidays@Bruary 2007 |

bet ween the reservoir cap and the environnent and/of

bet ween the reservoir cap and the reservoir contents.

In sone 20 enbodi nents, the dielectric material can

i yate the reservoir cap material. In _other
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reduces the number of connections from the microchip to external electroics. For

25

example, a microchip containing 400 reservoirs that are addressed individually
requires 400 interconnects plus 1 common coﬁnection for refuming 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 éddress over 400 -

| Teservoirs), an activation signal input, and power and ground connections.. With an
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15 the reservoir caps and input/output |eads {5 easteary 2007

rows and colums). If an open circuit between the

i nput and output lead is created when the reservoir

cap ruptures, the current through the non-addressed

reservoir caps will increase. Depending on the
WO20040724870n of the addressed cap, the curreREVPRIEH ¢ he

non- addressed cap nmay increase sufficiently to cause
it to rupture. This problemis st likely to occur, 20
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caps iThethaiware] elyctiical coitiRbbnts hé soffvaite wcdsdab eontebi tegl

"mpl.ecules within the reservoir may be tIe?[g)erat ure

staliyprthe gectgounrat e thisoNer saUse Ay hedeiontt RAPTeAs;
S @b Yoo TRV ritnaliffiles bikd OBl lEBRbIr SuCh
as a diode, I1n serites 5 connection wth each reservoir
coeningo Theladbisaticmekatotypicallyl inclodes a miicropmockssbr. dupnent s.
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its conductivity and majority charge carrier, such as
25 includes a substrate having a two-dimensional array of reservoirs arranged therein,

a release system comprising drug molecules contained in the reservoirs, reservoir
caps comprising or consisting of an electrically conductive material covering each
of the reservoirs, a pair of conductive leads (i.e., an input lead and an output lead)
_ - electrically connected to eéch 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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diffusion or ion inplantation, and creating nme$akbra@y 2007

sem conductor contacts, are well known. These coul d

be integrated into the mcrochip fabrication process.

Alternatively, specific activation of a reservoir cap
be acconplished by 15 integrating a transistor

c
Wowggwlggch reservoir cap, as described in PCEUSILVERT4
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the.reservoir : . .
25  of input to the microprocessor such as memory sources, signal receivers, or

biosensors depends on the microchip device's pérticular application 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 controlied delivery |
- 25




openi ng systemlocally by a battery or (bio)fuglFes@hty 2007
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25 = used depends on the overall dimensions of the microchip device and the number of
reservoirs, and the complexity of the control 'required for the application.
Dlustrative Embodiments
: "I‘he 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 an‘d descriptions.
FIG. 8 illustrates a portion of one embodiment of a device which utilizes
the electrothermal ablation felease system described herein. The; device 50
B includes a substrate 52 ﬁvhich has four reservoirs, only two of which are shown (in
26
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25 In another embodiment, the reservoir opening devices/methods described

15

herein are incorporated into an implantable medical device that provides direct

' communication between the source of the drug (e.g., a reservoir) and the particular
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., _b(-_zc.ause of clearance mechanisms). For exémple, the device could
27 _ _




prevent bubble formation at the reservoir opeb$ Beprargt2007
coul d otherwi se occur in 5 sone cases if current path
rematns (i.e., if not a conplete open circuit) after
reservoir cap rupture and current continues to pass

t hrough the remants of the reservoir ca

.
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device which utilizes the electrothermal ablation

r ahletipnas dgsstiadhhgreine A dyantagrapsdy, the pPier e gad gaitrol
oGBS BRI E e B 95 oo 5 SG Ohirg e
VG 2004 /b0 Tob 48 atfhelddUSES Bidd. Ol ERedirical traces could be build into
the catheter body_ or supported on an inner or onter surface of the catheter body.
See U.S. Patent Application No. 2002/0111601, which disclosed one embodiment
of a catheter type implanfable medical device, but which utilizes a different
reservoir opening technology than the electrothermal ablation system described |
herein. FIGS. 11A~C illustrates a catheter tip portion 90 which has reservoirs 92 is
substrate/catheter body 94, wherein the reéervoirs 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 iﬁtemal fluid passageway extending |
: ' 28




cross-section): 54a and 54b. Reservoir caps 538&FetsGiny 2007

" 58c, and 58d cover the reservoirs to isolate the

reservoir contents 56 that is stored/isolated within
each reservoir. Sealing |ayer 80 encl oses the
reservoir distal the reservoir caps. (It is noted
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subcutaneous region. In another example, the sensor monitors the pulse in the legs

or arms of the patient. Such a sensor could be used to justify the release of a

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
petipheral vascular diseasé, as these patients are not currently treated with
vasodilators because no practical delivery systems are available. .
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directly rel ease a therapeutic agent into one or nore
body cavities or tissue lunmens, including an

i ntrat hecal space, an intracranial space, an
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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
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




are covered by conductive reservoir caps 96, efEebrAfry2007
whi ch are connected to input and output electrical

-l eads 98 and 99, respectively. Optionally, the

cat heter can have an internal fluid passageway
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thin film of material is deposited on the substrate by methods such as evaporation,
- sputtering, chemical vapor deposition, solvent casting, slip casting, contact -

printing, spin coating, or other thin film deposition techniques known in the art.
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subcut aneous region. |In another exanple, the semslgiary 2007
nmonitors the pulse in the legs or arns of the

patient. Such a sensor could be used to justify the

rel ease of a 30 vasodilator into a region, typically
thro@gh an artery, to inprove circulation when the
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' al | th th
OSRE R} pEeich el et R, pittS, e R
fdidchdniaika Reht&RE, bﬂﬂlmﬁfc@rbﬁ@ﬂﬂﬁ’sc t(s&né s@ablk MtaRRRres| de,
exterior the encaserrent Merely to illustrate the

25 gbggqbgﬂ i .8y Patent é@ghc:mmhm 0. 2003/0080085, e.g.,
‘nanocrystalline diamond.) In one embodiment, the outer layer comprises a single

20

layer or a multi-layer/laminate structure that includes combinations of siticon

" oxide (8i0y), 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 ﬂ:la Teservoir caps covering each reservoir. The dielectric material can be etched by
- physical or chemical eiching techniques. The purpose of this film is to protect the '
- _TEServoir caps and-leads from corrosion, degradation, or dissolution in all areas
| where they do not have to be exposed to the surromdihg environment, to shield |
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25 and 114A and reservoir cap 110A are fornmedi1sFetrhgry 2007
sane material, whereas |eads 112E and 114B are forned

of a different material than that of reservoir cap

1108. Fabrication Methods The basic net hods of

m crof abricati ng and assenbling certain of _th

WO 204hHé¥Hent s for a device, such as the subé’FF’é’tg@Mms"“

10

15

20

25
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reservoirs, and reservoir contents, is 30 as knovvn in

AL oS AP e e

PhiostabilifdithecRiicomafeislh.i cation No. 2002/ 0107470 and

U. S Pat ent ﬁégpl i catiion Publication No._ 2002/0151776,
whi ch Igpre gubedipenty dnsplgtng ateriply syche pilipeneniiride (i) or

S Bl on BRERE RS Rea ISR 1 bbbl R B o8

t suchiag CV@y elebieonadr duti behn &Vaplosmdion, a@nﬂbrmgmrtspmeadting The
reS|st| eservoir an the ctrlca i,nduced
¢ REpoRgiof B flpmis toprerrubeeotaeat g g"“’"ﬁ%’r"@?ﬁ igally geitve
elgﬁ&ddnﬁ%g sub&x%fct iflthd ég%%ﬁwn clBathéR c&ﬂﬁ&t@z‘: gy %él@étﬁ&ﬂy

or the ltke1s 5 use exanpl e, these techni ques
cemdhetinggusulating Giyers ae also deposedsstwien layesaf wetal traocawhem n

ar_ s strate Pat en
oy 38 R o paciicn G gmpld o GV
Gmﬁﬁﬁaﬁ&%ssn@dffth%&@ﬂcﬁﬁs Reservoir Caps and
El ectrical Leads In one ‘enbodi nent, the reservoir caps

and tr@m are fabricated 10 si rrultaneously from

t he sa I

for rre &lﬁ(]’mﬁmg&i %éc%o@ggﬁ%igﬁaﬁoﬂ% %g’hc#}e{)éo can
b@eshﬁuddeﬂreuﬁtan@e pmagﬂd ok Bsatpd ap hyedad thr phritwlarfapplivations
deposition techniques known in the art, Alternatively,

tf?é \feriamplantpdion inta patipes) I gpserabadiment thedexipitat ed and |

| DRy 3ERd Tt F pitaRub RS Blol Ot BFDhidfginkd
astaepae. dfte tsnne‘ﬁpaékagmg sthmuna?t tietians tarad eadlosach pasing, arottiehe

| ead | Id b
GERmER e 10F S HLAR iy BOSEHh GO B RO PRy anc

t@lblﬁeﬁtk (8. 9RRAT of BStes fo??é&@i‘vﬂig%reléﬂﬁaﬂsﬁﬁdamn%fﬁ | d)

before or aftef reservoir filling, the |eads cou
agide gxpase pﬂé ttmbb@se alde of the subsirate pwserwmaa@t with t h e

: f or mE‘ dIhdlﬂfl@tﬂ&d(ﬂﬁb’ds %gfokdrb tléi@ces 'ﬂikl @sieﬁis ﬁéscﬁﬁ&dﬂﬂfbﬁfbaﬁay

be useful to enhance
be used in a wide variety of apphcatmns Preferred applications include the

controlled delivery of a drug, biosensing, or a combination thereof. Embodiments
for some of these applicaﬁons are described in the illustrative embodiments above,
and other embodiments are detailed below. | |
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 controied dug
de]ivery, locally, regionally, or systemiéally‘ In one embodiment, the microchip
device can be implanted in vivo using standard surgical or minimally—iﬁvasive
implantation techniques. Such microchip devices are especially useful for drug

therapies in which one needs to very precisely control {h_e exact amount, rate,
and/or time of delivery of the drug. Exemplary drug delivery app]ications include

33




protection, for exanple. In one exanple, reseil§debruary2007

caps are fornmed as follows: Photoresist is patterned
in the formof reservoir caps on the surface of the
substrate having the 25 reservoirs covered by the

' [ nbrane of insulating or dielectri '
Wozt?%leoqb“ﬁgtor esi st is devel oped such that t%g%g{gb@s‘m

10

directly over the covered opening of the reservoir is

I St beSe BN e of a
; e ey ¥EpAtht RbIR0L HofRiy hoHRndco TP TS (BUARP 0
orcytokines, ghanatirrapeitjcserdins sgepe délivary vestapamtit VEGE

spu%teriﬂ_&, chem cal, va‘%c!)]gs.r1 deposi tion, solvent .

c ASHTIG: U1 ARGORHG 22ht act 30 printing, spin

coat i NGy othdr oG Mmeh) the élbdtﬂ@lﬂﬂﬂﬂﬂ %blﬁﬂi&ﬁesieﬁ%{ﬂﬁip%ﬁé device
‘he

known in the art. After film deposition,
p Higsasibedhesein isgneorporasesiintof a wanety o€ othersynes andedesiphs of

T NI e R

| caxasAppicgidnFubRitibiNo200LACE60f. Ih@otheteshhakt édhld hie

formof 31 15 February 2007 . WD 2004/ 071487,
PaToUSIiEEno2gqther madical deyice, 1e apich thepresepicdeniges apd systems
' .d t terial.. over the .
oabBRd dhg YRb UEAHBRAT I A ASV R Bl ki ey,
oras iltmstratéd fohexatoplerin U.S. Patesi Mg 6,491 666Gvi ol et (UV) or
[ nfrarig é‘{R) hot ol i t hography, _so that:- the . .
phot or _? V1 GBU‘@PW“%T?@WPe@é’FKP@PIF‘EmW?ﬂ@ dé%aﬁﬁgcof
r . . i '%]i S i e ‘
uga ?ﬁk\éﬂ?ﬂ& FPavidaifro €4 tﬂg r%gg%em CQ;[i eét%gﬁf]ng &ﬁﬂtmé of

hg plasma, ion bea

 t endierulps el thifdve yebil Gires vist apulicatiens, suel as applytical tlemistnyg

15

20

thin f.ilm caps cavering the reservoirs. .Typical film
t Rirthisotict 3BT e i et ot Wy iatbioal b ho &l g B
0 .t6x1eliv A Bf BSYR kel MNultin@s Sin shill ofhbendhataliM Aiplcdtidfs, the
reservoir cap is the same material as the |'eads, the
| dgvicesarsebiocoetsq) relepsepf fragranees; dyes.cu sthenesefuberemicalse
NQ~L ' - Oy | t ! [

¢ R RUBEL HRBnd AkRh) BF Pl b ool B o
C dofosirdlied BSposiird Or felther dfaeRhdRydaides, aft deScribed in U.S.

internetallic %Cti on. The connections to the power

s 88188 Noan /FeS Hinble: G1724864Ne i06RA70%:AarE 485666 Nop- chi p,
W'ﬁ[s%@,@Wérﬂqj.sﬁﬂtéﬁ?hgélg:aﬁ@:{‘ﬁlb%%né ﬁezooé)‘ﬁo BESEPN

| ayer” may be necess to ‘ensure adhesi on between the
1 208BiX7 4 H Bloa0820hE] 717 6w, 2002/0698p5% aatl Ne 2083/0E0368.

' I of . adhesi on. | titani om
 and o1 EIMIRRORS SRR OO PGP MR <

25

RyGriatitBd of thdB¥Rods And BEVIE HescRbel! Rfeld Will YeQBYioRSto those
skilled in the art from the foregoing detailed description. Such modifications and

variations are intended to come within the scope of the appended claims.
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In some enbodi nents, insulating or dielectricl5February2007
materials are deposited over 20 the reservoir cap,
| eads, or entire surface of the device by nethods such
as chem cal vapor deposition (CVvD), electron or ion
Il aporation, sputtering; or spinc j

WOzrngot é‘g t he devi ce or enhance %1’[[%9003/825774
bi ostabi lity/bioconpatibility. Exanples of such
nqﬁ@gﬁ@hs i ncl ude oxides, nitrides, carbides, dianond
or dianond-like materials, or fluorocarbon filns.
(Sonme suitable nateri.al re 25 descrd bed in U S
bt ent SAGHER AR B FIGPT ORGSR A BB ¢ g
naB@grisigd:al | i ne di anond.) In one enbodi nent, the outer

| ayer conprises a single_ layer or a . . .
nul ti - | ayery ressvoinsep formed ef oy decfrisally ¢omdpetiye saterial, which

R e R S L AR e
pleep@iesi te réstrvpRchteme noledutep oatkidé BRtheldalie@gtric to

protect it fr?m et c_hi.ngqa(e;xcept on 30 the reservoir
caps cover i Wglshical ippt dsad sppnectsdie sgidaesspericar it er i al

can be etc %%%%}ﬁca fegglfl cc%i’lﬁie&aﬁmsﬁa LesEil/6i b@% such that

t echni ques. pur pose s filmis to protect the
r @pex application pSarestetiticabelsrefitrtbrugiothe ostreoir cabe gia dedtpuin,

or, dissolution in all .areas where they do not, have to
D o] it 3t roiF A s TIRMOEUS UL P ORg Tha AT Pt
32okintEebruary 2007 WO 2004/ 071487 PCT/ US2003/ 025774
electrically active conmponents fromthe ih vivo

envi ronnent, and to enhance the biostability of the
d@vi ceThadezice af dlainl h fiathee carnisiligaeoirss of abstricgtomeyfor

mat eri al,s such as silicon nitride (SiN.) or silicon
&P@&%é"@%@ﬁ?‘&%@ﬁosi ted between the substrate and
the | eads by nmethods 5 such as CVD, electron or ion

bgam eyRpAK Rk bPRainP PHLL Wh%ﬂ%ﬂr-th@&epﬁﬁéﬁtiﬂn oPAbLAG cdit
purpose of this filmis to prevent electrical contact

b éiromghribemeseralinep ciused thy teapeiatoee oflthemisereniccap li@increase

bst i f ot trate i | ectri cal
STy csmetead BEARDEGHS T ERa | ng | nsul ati ng

| ayers are al so deposed between | ayers of netal traces
waen  TRedviEdof cllits BERE Kitrefind RRrRlir &PGophiPsta f OT
exanpl e as in devices that utilize 10 matrix -
attasigbhanipg afmdlting poént svhichidiffernfiem thepaeltieggpaief of thegeaisring
I REOL. g the el ectrothermal abl ati on opening

t ?H)r'ffﬁq%a?a‘gsescri bed herein can be packaged or seal ed
as needed for particular applications (e.g., for

| Bpl anfRd deQfde bPAISNPAS 2 Whdkin d1é‘re§b‘i‘€oif<!§? QHd (R are Fted
device is 15 hernetically sealed by welding the
s obtht samemateriaymmd dhe mepreoirrap haspeunallér crosssektingilaea 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.

9. The device of claim 5,.Whei:ein the reservoir cap has a thickness that is Jess -
than the thickness of the leads. | | -
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structure. The term "packagi ng structure" refdasFeb@asi2007
encl osure, casing, or other containnment device for
encasi ng the substrate, control electronics, and power
&| enebiesdeyiewf clatmaf/ t\ehqreiu theatio ofthe tlucknessodfithe lagys to the

el ess transm.ssi on wer), so as to expose only
‘WW@?S@P glbegesbepa)érqulst%g E’c%‘trate or reservoir caps.
20 Using the El ectrothermal Ablation Reservoir Opening
By st e AU OB laibh € of 21 hRbih Btk e&IrfASEY QR B2
devi ces and systens described herein c be used in a

mmﬂnﬂwdndemyhﬂﬁemﬂhhmdenamxﬂﬁﬁn&ﬁgﬂmé&ﬁappl|cat|ons
include the controlled delivery of a drug,

e TR et s D odheta Srelese e in Bieof ateral Kaving
d JhHHl%hf REisi{Eitye ﬂﬁ%ﬁl%ﬁvl@i BV fernial c@%cﬂwglan the material

nbodi nents are detail low. I'n one e nment, a
ﬁnnmmgﬁkﬂpwﬂEV|ce whi ch includes the el ectrot hennal
abl ation reservoir opening device described herein, is
rOVI ed, for I ation nto a patient, such as a
eyl btk i i mhercin freEBioin<ap Fompag
Iﬂaﬁﬂ mery, locally, regionally, or systemcally. In one
enbodi nent, the m crochip 30 device can be inplanted
in vivo using standard surgical or mninmally-invasive
120p| dntiealeivien of eainni hweikereiSURmemichlacdingrisdent L@stabgobected

especial |y useful for drug t herapies in which one
the arepneangistingeefigold. platiaymy @aninreCeppst elugpBim silver,

/ e
g SicpuPiy® old i LoV iy iR yh%%d;
plfBindB0418dd 487 PCT/ US2003/ 025774 the delivery of
potent nol ecul es, including, horrmones (e.g., PTH),
ster0|ds cy toklnes chenntherapeutlcs vacci nes,
Igene Ta!&dt:we? 9f W&f@ta&ns hin 12, wiherein theressmsioy, cap femprises

[ r the
oRHR Y oROh AR Pets e Bl g T RRRRLARERLR,
descri bed hereln |s i ncorporated into a variety of
1dt herThieyleee afishyddelapns 1 of 13, figied bbrapligngiet erahore layers of a
devi ces, such as the catheters and el ectrodes
diglectiis watgriakpn at fsast amortign ofAbgeseruer e3p. Msdpadsaribeth. No.
2002/ 0111601. In another exanple, it could be
snoonpetatiedol MydraashPlo 12 WMy HEHLERoirl ol 1bifed
present devices-an ease

i B d biethofd Ies@véltsqimhhednnfd fQibsirdte. a desir ed site of
admnistration, 10 as illustrated for exanple in U S.

Pat ent No. 6, 491, 666 The devi ces have nunerous in
16i vo The devipe %anyaﬁ glagasrhier b, shegpiniha seservelr contents

ot ghke%‘é:t 1854 %ne gap%ﬁtfé §F§P@Eﬁ%cg%%§&t? of delivering

clsely netere uan
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nol ecul es and thus are useful for in vitro 15 February 2007
applications, such as analytical chem stry, drug
di scovery, and nedi cal diagnostics, as well as
bi.ol ofhecddviempkiaafi ntbeswoipramgl5 t he del i very of
factors.to cell cultures. In still other non-nedica
appl i ¢SHSEHE, the devices are used to control rel ease
of fr : : ' :
et homE e s 1 B Sy D B ey gpnicl e
cahpmse nedecubes, avebdndasy ddvive, arduth, atd lecht@kipasid phurality of
rel ease of secondary devices, are described in U S
OEEHSs No. 5,797,898; No. 6,123,861; No. 6,527, 762;
No. 6,491, 666; No. 20 6,551,838 and U.S. Patent

pl i Thet deyicerd blaim 47 whrseiNdhe ROWIEBH 1@ h@4¢seNwir caps are

Kb

002/ 0107470; .No. [/ 0151776: No. 2/ Q099359:
R 3P tiitisd S perdl By P P e et g M Tegs ol e
1eRGO61P B4R el Bridl RbBRE R ilYPSHaflél Rt dofitensaTthe amay.
vari ations of the frethods and devi ¢es descri bed herein

will be obvious to those skilled in the art fromthe
1r edhiendgvidetodiclaa 1 dcfatherpbirpnisingaa leloowtalf doagiohentor and

25 variations are intended tqQ cone wthin the scope of

%@%’%ﬁ@%ﬂé@g@n QPSS He%ac sirgrathefuesn thelsads afigreservoir cap
L%g@? ; claim 1. A device

%%@ﬂ%ﬁé%égﬁF§%¥FE reﬁ%gég%éémﬁg'osure of reservoir

contents conprising: a reservoir cap fornmed of an

H). ectThetRWicY of STAMELiNS 178 BY, ivdlereiyhe ¢&bervdir@vaehs t he
reservoir contents from passing out fromthe device
comprisesca/slrase systepoompsising drigmpleselesioi r contents to
nol ecul es outside of the device; an electrical input

ead .conpected to i.d reservair cap; and an .
Je‘1- ect T1°¢&I B R Moﬂigé@s 32%5& q 6‘?@%%!1%%@%% Tpeans
167 Bony Ml o MO0 o PBRE 2o byl SLhloitap, |
and output lead, the reservoir cap is ruptured to.
x| easR device vPElgien 2 I vHeRSE EN@ hdtivaG@ineMsTomprisekhie
device of claim1, further conprising a source of
raiceapredessop onate fchingppl yi ng the el ectrical current.

3. The device of claim1l or 2, wherein-the application
of electrical current through the reservoir cap
causes the tenperature of the reservoir cap to
increase preferentially conpared to the tenperature
of the leads. 4. The device of claim1 or 2, wherein
the reservoir cap is forned of a
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material having a nmelting point which differs 165FebiutRe007
nmelting point of the material formng the |eads. 5.

The device of claim1l or 2, wherein the reservoir cap

and | eads are formed of the sanme material, and the

p@ser The devigqoihaag oficlait 1 @22cWARE isSeiibt@npbneaf €fani N

the direction of electric current flow 6. The device
srplantabladeig dolisewideviche | eads and the reservoir cap

have the sane thickness, and the ratio of the width

the leads.tqg th i df h of t ir .. is 2:1
R e R
r eserpmitionfgRt Hpfsdedttd KRS dRE wicH Igr%‘?ideé R Rokthsiled
thi ckness of the | eads. 35 15 February 2007 8. The

tidepise of rodlealed, theevigh baang the meolecates dorafelivéry andhh césamoi cap
f the.leads .tq the, thicknes f.the reservoir cap.is
B gty RBduL ERGR wish Vel 591 plerdifor
BaIR ' j .Qhga material which is

e PRGN fRlsingCAR flof HETRHCK: Bhd 2 ng the leads. 10. The
devi capphfingéraglectcal whrerithrotglesaidcervair capg afa dnseldotmicatiniput
f a material  havi djfferent resistivity, .thermnal
e i iespical Uil Parhich prmslacipally anngricd Fseifkieseeyair cap,

. . / . _

e R B Qb TE ABKLE, O puSfRard i i doviceto

thiclpraselé@ed Ideatialevi ce of claim 11, wherein the netal
filmconprises of a netal selected fromthe group

consi sting of gold, platinum titanium copper,

al um num silver, gold/silicon alloys, gold/germani um
alloys, platmunfiridium nickel/titanium and
platinumsilicide. 13. The device of any of clains 1

to 12, wherein the reservoir cap conprises nultiple

| ayers of netal or nultiple |ayers of netal and

sem conductor. 14. The device of any of clainms 1 to

13, further conprising one or nore |ayers of a
dielectric material on at |east a portion of the
reservoir cap, the |leads, or both. 15. The device of

any of clainms .1 to 14, wherein the reservoir contents
are located in two or nore reservoirs provided in a
substrate. 16. The device of any of clains 1 to 15,
wherein the reservoir contents conprises at |east one

t herapeutic or prophylactic agent. :
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36 15 February 2007 17. The device of clai m 25 February 2007
further conprising: a substrate; a plurality of
reservoirs in the substrate, wherein the reservoir
contents, which conprise nolecules, a secondary

device, or both, are located in said plurality of

reservoir %8 The d ce of claim17, wherein the
Phput 2 egthed tl@fh‘@an@ GREPFUE QHECSEVRIr Contenis FPrRRSiRg:

I r t
BAFATEAFS o ol 15n0Y o LW Bhick Mo RlieMnfiicalRospre of
esavet icontents, thadatidedaving remfmmtsmmhtstahé aa¢seawir cip foriided of

deV|ce of claim17, further conprising an_el ectrical
#ily eanductivemanieiab whirkinseenisexpasuse efthe reserveir cgntents to

o‘ié?:HleE IR e 05ick 8288 AL EARRINLEngaP thal has

-been rupture eservol r opening. 20. The

devicqmﬁﬁngﬁneht&@ﬂ&Mﬂﬁmﬁﬂmhgh&ﬁdnﬁbﬁbﬁkﬁphﬁ@mademﬁcmimmu
reservoir. contents _conprises a release system

l@éﬁﬁ? a1 plgctaral guinst kad Wésch azqeleqtﬁéalb’éwa@ct@f to il reservoir cap,

V,
F%Jo r-co n'%lrg O{S?W% é“{brdéxg p p [ c a f&gﬁllr g‘?nt&ﬁge%ot S%I dclgglﬁgrﬁe the
pﬂgaagaimﬁghnmeservoir cap. 22. The device of claim
21, wherein said activation neans conprises a
m croprocessor or state machine. 37 15 February 2007
28. Tihhe mhethod of olhina A, vdferaih therresetvainccRRntsiomphis¢ssa sgnsor
subconmponent of an inplantable drug delivery device.
gﬁmnﬁﬁﬁ@Wﬂ@ﬁm?or the control |l ed delivery of nol ecul es
conmprising: positioning at a presel ected | ocation a
devi ce which provides the controlled release of
nol ecul es, the device having the nol ecul es for
delivery and a reservoir cap fornmed of an
el ectrically conductive material which prevents said
nol ecul es. for delivery from passing out fromthe
devi ce; and applying an electrical current through
said reservoir cap, via an electrical input |ead and
an electrical output |ead which are electrically
connected to said reservoir cap, to rupture the
reservoir cap to enable the nolecules to pass outward
fromthe device to the preselected |ocation. 38
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15 February 2007 25. A nmethod for the contr olib&dbruary 2007
exposure of reservoir contents conpri sing:

positioning at a preselected |ocation a device which
provides control | ed exposure of reservoir contents,

bhe dﬁvmétﬁo@@f’faﬁﬂcahﬁ %rd\éQicé g%li@:f‘ surE BFfelElst of
cap forned of an eleéectrical y con ctiv naterla
mmﬂ@hkaEﬁsmubne&pmxﬂc&mpﬁmnge reservoir contents to

nol ecyl es outsgﬁA 96 t he .device at the presel ected
| ocat FBHY Bf Iﬁﬁ”ﬂﬂ“@P@éP?$%%ﬁ current through

| .and
A SO G obn i, TR k0P
ﬁnnn@m@penablesamnbcnmsmth @ach resypvoir ¢ap anefrctrical lhblﬁ lead and an
reservoir c 0 jexpose the reservoir contents to said

ﬁ%ﬁ@ﬁ@ﬁ%@“%ﬁm@ d presel ected | ocation, 26. The method

of cl
2 senCiom i al ISR o R LRy 3 BB GGk RS
&Tectiﬁelmhdfsb@ anfeldcaial aatennranglendtoesdrasir ddpevia the input lead
trolleg exposure qr release of nolecul es or
Spdciein ABOUBIGHISFHS tRguPtPesthe TeeerioipFair al i ty of

reserv0|rs in a substrate; capplng each of said

ser Wi, t r cond ve _reservaoi
260 B el bE B P i s InCatofom 4. thefeads,
SIESORE, Wil a GidlBctaPnRiteg@l. ri cal input | ead and an
el ectrical output |ead; and providing an electrical
current supply and distribution neans capabl e of
28| ecThambthop aﬁdangh rfuehercbmpdsing Gormiisna latyar afiaglicleateib

ST e e e VB SRt e
%@v&@&db%d‘i’ﬂe s‘ﬁ'bﬁ:\‘a‘ﬂ% geﬂﬂéﬁlg%gate?ﬁ@%skz?ﬁﬂ%}g frie {89 sitifate.

reservolr cap, c ri1c
material. 29. The nmethod of claim27, further

3mnprTisd mahﬁ@bm@@falahﬂym 10040, RurfheLb@Rprisiny 1omaﬁgﬂ1eaéservmrs
on the substrate, wherein the dielectric material .is

Wit Espyeis donsentwelested frem (Dexeloass systemporpdsing drug molecules, (i)
substrate to ther he res rvoir cap from .

B sty co boB: el SoRbElAT G0 ol ai e 27 Lo

30, further conprising loading the reservoirs wth
reservoir content selected from (i) a rel ease system

conprising drug nolecules, (ii) a sensor or sensor
conmponent, and (iii) conbination thereof. 40
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