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SPACE-EFFICIENT CONTAINMERT DEVICES
AND METHOD OF MARKING SAME

Croys-Reference to Related AppHeatioas

This application claims benefit of US, Provisional Application No, 61/527 482, filed

Avgust 23, 2011, This gpplication is incorporated herein by reference in iy entirety.
Backeground

The present disclosure relate generally to containment devices, including but not
linvited to medical devices, such as implantable medical devices, having contamnent
reservoirs for conlining substance or subeomponents for later exposore or release. In
particalar, the present discloswure relates to improved comtainment devices and methods of
manufactore theveoll inchuding but not Hmited 10 space-efficient device assemblies, as well as
improved methods for making microchup containment device slements.

Typical impiantable medical devices such as pacerakers and ftoplantable cardioverter
defibriilators are designed with two or maore housing components or shells that conmin the
control elecironics, power sowce and othes device specific components. A header is also
usad o provide electrical conngctions into and cul of the device, The housing and header of
feedthrough sre designed 1o be hermetic to prevent Hguid or gas exchange between the
internal components, which are typically not hiocompatible, and body fluids. 1i1s noted,
however, that certain implants with epoxy based headers that do not achieve long term
hermeticity. Design and manufacturing methods of implantable devices have evelved with
the goal of ensuring hermeticity.

MicroCHIPS Inc. desipns and manufaciures implantable devices based on microchips
which include reservolr arrays coptaiming biosensors or drags. FIG. 1 shows a possible
conventional approach for assembly of components in an implontable medical device 19,
which inclodes & microchip assembly 12, The microchip assembly 12, which is also referred
0 as & migrochip element, mcludes microreservoirs, each of which may contain a drug for
controlled dehivery in vivoor a sensor for controlled exposwe &1 vwve, The microchip
assernbly 12 s attached (o o feedthrough 16 that is welded to the housing 14, Such nucrochip
assernblies or elements are descrbed, for example, in U8, Patent 7,510,551 o Uhland el ol
and U.S. Patent 7,604 62% to Santing Jr. et al. The feedthrough 16 contains electrically
conductive pins thal are metalhrgically brazed 1o metallized surfaces on and through an
aluraing dise. A typieal pin count exceeds 100, ind in more complex desipgns, can be oeer

400. The consequence of such designs 1y that each pin conngction can be a leak pomy.
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in addition, each feedthrough pin 1§ electrically connecied to au electronic compuonent
mmide the housing. Some designg oiilize 8 wire from the pin to the cireuit, while the
itlustrated design attaches the feedthrough 16 divectly 1o a conventional plastic circuit beard
18, These electrical connections require testing {0 ensure continuity. As a resul, the pin
count impacts the cost of the feedthrough, and that cost increases as the number of

sedthrough pins increases in the impladable device. Consequently, due to this complex
design requirement, the resulting manufacturing, and the reguired acceptance {zsis, the
feedihrough 1s an expensive component,

Another disadvantage of conventional implantable device desipns based on g
feedihrough or beader attached (o housing conponents is that the oversit volume of the
resulting device is lurger than desired, because several diserete components make up the
assembly.

Forthermore, elecironic-based tmplantable devices that use radio frequency o
wirelessly ransfer nformation in and out of the body require an antenna. Radio frequency
warves are sigmificantly atenuated when the antenna is placed in a conventonal metallic
housing, and therefore, the antenna typically 1s placed on the surface of the housing, wtilizing
the existing feedthrough or another feedthrough dedicated for this application,

It therefore would be desirable to eliminate or mitigate any or all of the foregoing
disadvantages associated with conveniional designs of implaniable medical devices. In one
parucular need, it would be desizuble w provide improved housing hermeticty (e.g., fower
potential leak paths), stpler conswuction. and & simaller overall device volume.

In another aspect, in making wicrochip-based reservoir devices, such as taught in U.S.
Patent 7,604,628 w Santint Ir, et al., it would be desirable o provide sreater reservoir
vohines asing presision manufactring methods that are easier and wore cost effective
use. For example, it would be uselul {0 reduce or eliminate the need 10 use DRIE (deep
reactive ion etehing) provesses to form the walls defining the micro-reservoirs in the
microchip clement.

Summary

In a fivsl aspect, a containment device 1s provided that tnclades a st microchip
glement, which comprises a containment reservoir that can be electrically activated fo open,
and a first electronic printed circutt board (PCR) which comprises a biocompatible subsirate.
The first PCB may bave a first side on which one or more electronic components are fixed
and an opposed second side on which the ar least one microchip element s fixed in electrical

commection to the one or more electronic components. The device may further comprises a
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second electronic printed circuil board {PUB), which comprises a biovompatible substrate,
and a housing ring securing the fivst PCH together with the second PCB. The second PCR
may have a first side on which one or more electronic components are fixed and an opposed
second side, and the Brst side of the first PCB may be eriented in a facing relationship toward
the first side of the second PUB. in a preferred embodiment, the first miicrochip element
includes a plarality of contalmment reservoirs, The compinment reservoirs may be
microreservoirs, snd in a preferred embodiment contain a drug formmalation or a sensor
elemant.

In snother aspect, a microchip device element is provided which includes (3) a silicon
substrate having a first side, wn opposed second side, and at least one aperture extending
thergthrough, wherem the {irst side comprises an elecirically vonduciive reservoir ¢cap which
closes off the at least one aperture; (i) & primary substraie which is formed of a polvmer or a
glass or other ceramic material, wherein the primary substrate has af feast one reservoir which
is deflined by a closed end wall, an oper end, and af least one sidewall extending between the
closed end wall and the open end; and {iit) reservoir contents positioned within the at Jeast
one reservolr, wherein the second side of the silicon substrale 1s hermetically bonded o the
primary sobstrate, sach that the open end of the reservolr is ip finid communication with the
at least one aperture for controtied relense or exposure of reservoir coptents. In one
embodiment, the second side of the silicon substrale has at least one ring structure formed
thereon and the primary substrate hays at Jeast one groove structure, wherein the st least one
ring strocture andd the at least one groove structure together forming 8 hermetic bond, such as
by compression cold welding,

fn stll another aspect, 8 method is provided for making a microchip device eloment.
lny embodiments, this method includes (i) microfabricating a silicon substrate having a first
side, an opposed second side. and at least one aperiure extending therethrough, wherein the
first side comprises ap electrically conductive reservolr cap which closes off the ot least one
aperture; (i} casting or molding a polymer or & glass or ather ceranse material o form
primary substrate having at least one reservoir which is defined by a closed end wall, an apen
end, and at least one sidewall extending between the closed end wall and the open end; (1if)
providing reservoir contents within the at Jeast one reservoir; and (v} bonding the silicon
substrate to the primary sobstrale such that the open end of the reservoir is in fluid
comnuunication with the at least one aperture.

In yet ancther aspect, & method of assembling a comtainment device Is provided. In

embodiments, the method inchudes (i) providing 8 first microchip element which comprises a
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comainment reservolr that can be electrically activated to opew; () Bxing the first microchip
element (o a fyst side of a first electrowic printed civealt board (PCB) which comprises o
biocompatible subsirme; and (i1} electrically connecting the first microchiy element to one or
more elecrronic components which ave fixed on a second side of the first PCR. o one
embodimant, the method may further include providing a second electronic printed civeuit
baoard (PCB) which comprises ¢ biocompatible substrate, wherein the second PCB has g firgt
side on which one or more electronic componsats are fixed and an opposed second side; and
securing & housing ring to the first PCB and to the second PCB with the firgt side of the firsd
PCB oviented facing toward the frst side of the second PCB.
Brief Dexcription of the Drawings

FIG. 1 s an exploded perspective view of a pricy art containment device meluding a
microchip assembly,

FIG. 1A is 5 cross-sectional view of an assembled containment device including a
microchip assembly aecording to an embodiment,

FIG. 2B s an exploaded cross-sectional view of a portion of the containment device
shown m FIG. 24,

FIG. 3 is an exploded perspeciive view including the containmment device llusiaind
in FIG. 24,

FIG. 415 a close-up, cross-sactional view of 4 portion of a containment device
according to an entbodinent,

FIG. 5A is & cross-sectional view of » microchip element assernbly sccording 1o an
enbodiment,

FIG. 58 15 an exploded cross-sectional view of the miicrochip element assembly
shown in FIG, SA

FIG. 6 » o cross-sectional close-up view of a povtion of an assembled confainment
device including & microchip assembly according o an embodiment.

Deiuiled Description

The containment devices and assemblies described herein provide, among other
advantages, significantly smproved space efficiency of the assembied devices. In particular
embodiments, the devices and methods advantageously eliminate the need for a costly and
complex feedthrongh, provide a thimer implant due to the elimination of the feedirough and
the metal housigs, provide improved refability by eliminating nemerous feedthrough pins
and electrical connections, provide improved reliability by reducing the number of hermetic

interfaces, sinplify tests to confinm funchionality, and provide a simpler assembly. This can
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be partheularly importent i embodiments in which the containmant device is an implantable
medical device fntended for Jong term implantation in a humag or snimal subject.

The containment devices provided herein may be further undersiood with reference ©
the following exemplary embodiments, inchiding the containment device 110 lustrated in
FIGS. 24 and 2B, The device includes a first microchip element 132 which comprises 3
conmairmment reservolr {not shown) that can be electrically activated to open; a first electronic
printed clrcait board (PCB) 114; and a second PCB 116, The first POB 114 comprises a
biscompatible substrate and bas a frst side on which one or more slecironic componenis 118
are fixed and an opposed second side on which the at least one microchip element 112 is
fixed in elecirical comection to the one or more elecironic components 118, The second
PCB 116 comyprises a biocompatible substrate and has a first side on which one or mors
electronic components 118 are fxed. The opposed second side of the second PCE 116
optionally may comprise an antenna or one of more additional microchip elements (not
ilosirated}.

The “electronic printed circuit board” (PCB) refers to a subsirate that mechanically
supports and elecincally connects electronic componems using conductive pathways, tracks
or signal traces as known in the art. In a preferred embodiment, the POB tnchudes a
mocompatible and bermetic substrate material. Suitable such materials include ceramics,
such as aluming and sificon mitnde. Multi-layer alunina PCBs have been successfully
desipned and manmsfsctured. See, for example, U8, Patent Applicavon Publication No.
2003/0034564, These lominations may be the result of combining conductive lavers,
digleciric layers, and ahavinum oxide {ALO;, alumina) in a low temperature co-fired process.

The alumina is relevred o ag low wmperature co~fired ceramic (LTCC). These

hiocompatible ceramics alse function as a hermetic barrier, elminating the need for

conventions! metallic housing elements,

The term “biccompatibie” as used heretn generally vefers o materials of construciton
that are suitable for tong-term implaptation o a human or ammal subject, e.g., a patient,
Such materials of constructions are known i the art of implantable medical devices.

As used heredn, the term "hermetic seal” refers 10 preveming undesivable Ingress or
egress of chemicals ey, water vapor, water, oxygen, et} into or from one or more
compartments of the device, such as the device reservoirs, over the useful life of the device,
For parposes herein, a material/seal that transmits helium (He) at a rate Jess than ixig”

aimPecdsac is termed hermeiio,
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The first and second PCBs 114, 116 may be secwred together by a hooging ring 120
formiad of a ocompaiible meial that hermetically seals the electronic components 118 of the
first and second PCHs 114, 116 within the housing ving ¥26. The housing ring 128 may be
made of a blocompatible metal or alfoy, such as titanium or a stainless steel. The bousing
ring structurs 1§ configared 1o surround the periphery of the POBs and 1o secure the PUBs
twgether in & desired configuration. Desirably, the housing ring and a3 leass the outward
faving swrfaces of the first and second PCBs are formed of a bipcompatible material, The
fnterface of the housing ring with the PCBs, in a preferred enbodinent, fovin 2 harmetis seal
to isolaie the electronic components of the fivst and second PUBs within the housing ring and
hetween the first and second PUBs. The housing ring may be welded to the fivet and second
PCBs. A bwocompstible reuin 122 {e.g., an epoxy resin) may be disposed over a portion of
the first nricrochip element 112 and the first PCB 114, In embodiments, the contminment
device 116 may include other suitsble electronic or electrical components {24 disposed
theres.

it one embodiment, the containment device has 3 single PCB, which ncludes a
brocompatible ceranue material. In such an embodiment, the side of the PCB distal to the
nticrochip element may be coversd with a biocompatible epoxy coating or other
Hocompatible coating material. This coating would cover the electronic components,
meluding bat not Limited to an antensa, a batlery (i included), sic. This coating may be
minltilavered, and it may include a hermetic material o long the materiyl does pot interfere
with the operation of any of the elecironic components,

It is urderstood that the containmeni device may inchude any suitable number of
mmcrochip elements (e.g., from T 1o 6) and that each microchsp element may inclode a
phurality of discrele reservoirs (e.g., from 1010 75 reservoirs), Maore microchip elements,
and fewer or more reservoirs, per device are also envisioned.

An embodiment of 2 containment device having two microchip elements s Blostrated
in FIG. 3. The device 206 includes two microchip elements 242, a first PCR 284, and o
second POB 216, Electronic components 218 are fixed on a first side of the first PCRB 234,
arwd the microchip elements 212 are fixed onto an opposed second side of (he first PCH 214,
Electronic componen(s 218 are also fixed omto a first side of second POB 216, An antenna or
more microchip elements may be fxed on the opposed second side of the second PCB 226,
A housing ring 228 is used to secure the first PCB 214 and second PUB 216 fozether and to
hermetically seal the clectronic components 218 inside between the first and second PCBs

and the housing ring 220, In this assembly, the exposed sides of the PCBs, which preferably
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coanprise a blocompatible bermetic material, doubling as the device housing, eliminating the
need for, and bulk of, an sddidonal housing for the PCBs and internal elecironics. As will be
exploined below with refersnce fo FIG. 4, the electronic components 218 on the Frst sides of
the first and second PCBs 214, 216 are in elecirical {operable) communication with the
microchip elements 213,

The electronic coraponents 118 and 124 provide any of 2 munbey of fimctions for the
containment device, Examples include but are sol mited to 2 controlier {(e.g.,
mieroprovessor) and power source {e.g., batlery or capaciior) for electricaily activating the
£FERETVOIr L0 cause i 1o become opened andfio compmmicate with o sensor, for example,
located within the veservoir or with another device remotely located from the containment
device. Other electronic components may include, for example, wlemetry hardware,
capacitors, ransistors, and dicdes, as well as the controt wmeans for actuating the reservoir
caps. The comtrol means may include an input source, a microprocessor, g timer, a
demultiplexer {or multiplexer). Inan embodiment, the electronic components include

components for wirelessly recetving energy for charging an on-board storage capacitor,

which may further reduce the space requirements for the electronic components on-board the

coutginment device,

The containment reservoir of the nucrochip element 112 may be configured o
upenfactivate i a vartety of ways, which may be knows in the arl. In one embodiment, the
contaimment reservoilr 1§ structured and configured to be elecivically activated to open as
described in ULS, Patent No. 7, 516,351 and UL.S. Patent No, 7,604,628, which are
incorporated herein by reference.

One embodiment of the dlectrical connection between a PCB/electronic components
and g nucrochip element is flustrated in FIG. 4. The figure shows part of the microchip
element 312 mncluding two containment reservoirs 344, Each reservoir 344 has an opening
closed off a reservoir cap 348, The reservoir 344, which is formed ai loast in part in a
substrate 343, has a closed end opposed to the opening and a sidewall therebetween. The
microchip element 312 is secured 1o a fivst side of POCB 314, and elecironic component 318 is
secured on the opposed side of POB 314, The PCB 314 inchudes a via 336 which elecirically
connects electonic component 318 to the microchip element 312, Via 338 is mechanically
and electrically connecied to metallized conductive surfaces 3334, 3328 on the PCR 314,
and nucrochip element 312 is wirebonded 334 to the metallizad conductive surface 3324, A
biocompatible coating substance 336 is applied over the wire bond {0 secure and protect the

connection, and tvpically will coal part of the surface of the PCB 314 and part of the
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microchip element 312 but not the reservoir caps 348, The coating substance 336 may be g
polymer, such as an epoxy or other resin,

In one embodiment. the reserveir caps e structured and configured to be elecirically
activated to open as describad n ULS. Patent No. 7, 510551 and ULS. Patent No. 7,604 624,
which are lncorporated hevein by reference. The reservodr caps may be formed of & metal
film, which nway comprise a single laver or ¢ lanyinate structure, For example. the reservoir
cap may comprise gold, platinum, ptapium, or 3 combination thereof. i other ambodiments,
the reservolr cap can be configured to be activated or opened by o mechandcal o
electrochemical mechanisms.

The comtainment reservoir of the microchip element may be a “microreservoir™ which
generally refers to  reserveir having g volwme equal (o or less than 300 pl. (e g, less than
350 L, less than 100 pl., Jess than 50 pl., less than 25 pl, less than 10yl et¢). I another
embodiment, the comtainmen reservors is a “macroreservoir” which generally refers to a
sesarvolr having a volume grester than 300 ul {e g, greater than 600 uk, grester than 758
ul., greater than 900 ul, greater than | b, ele ) and less than $ mb {e.g., less than 4 ml.,
less than 3 mil., less than 2 mi. less than | mi., ete). The terms “reservoir™ and
“containment msvrvolr” are infended fo encompsss both microreserveirs mnd mAacIOTescrvoins
untess explicitly indicated 1 be hunited 1o either one or the other,

& second aspect, mmproved microchip elements and methods for thewr manulachee
are provided. In & preferred embodiment, the microchip device slement includes a relatively
thin stlicon substrate bonded to a relatively thicker primary sobstrate formed of a polymer or
a glass or other ceramic material, Advantageously, by defining the reservoirs in the primary
substrate rather than the silicon substrate, the reservoirs may be formed asing processes other
than diy reactive jon etching (DRIEY. This is imponiant, not just because DRIE processes are
expensive, bot alse because ander the conventional process, the DRIE processes ocowrved
after deposition of the reservolr cap film, wmecessarily exposing the reservoir cap film 1w
subsequent processing, which can negatively impact the yield of sceeptable (e.g., hermetic)
reservoir caps,

I addition, by adding the positive sealing fealives {e.g.. gold sealing rings) to the
siicon substrate, this keeps all of the high lolerance microfentures to only the silicon
substrate, which in turn frees up the primary subsirate to be made by other, potentially lower
tolerance, manufaciuring provesses. In ihis way, the reservoir can be made much desper and
thereby morease the unit reservolr payioad. In one embodiment, the primary substrale is

made by a casting or molding process using ceramic or polymeric materials that slows for



L

20

30

WO 2013/629037 PCT/US2012/052463

formmbion of reservoirs thatl are deeper than copvendional reservous and having smoother side
walls than would be readity possible using DRIE. This cast or molded subsirate fhen may be
weid plated 0 and about sealing erooves formed therewn for bonding with the positive sealing
features on the sthicon substrate.

An exemplary erbodiment of the nuicrochip elament i3 Hlustrated in FIG. 54 and
FIG. 8. The microchip clement 412 includes a primary substrate 440 and a siHcon substrate
442, which are bonded together, The silicon subsivate 442 has a first side, an opposed second
side, and apertures 446 extending thevethrough. Three apertures 446 are shown {or each
reservolr 444, The first side of the sihicon substrate 442 includes reservoly caps 448 which
close of ' the apertures until the reservoir needs to be opened. In a preferred embodiment, the
reservolr caps 448 are slectrically conducitive. For example, the reservolr caps may be in the
form of a meial film, The sithicon substrate, apertures, and reservoir caps can be made nsing
microfbrication techniques known in the st For example, the photolithography. eiching,
and deposition lechnigues described in ULS, Patent No, 7,604,628 may be used to {orm the
apuriures in & polysilicon substrate closed off by metal reservelr caps.

The primary substrate 446 includes two reservoirs 444 in this Dlustration. Bach
reservolr s defined by g closed end wall, an apen end, and g1 legst one sidewall extending
between the closed end wall and the open end. As mentioned above, the primary substrate
444 1s formed of a polymer or a glass or other cevamic mnterial by any suitable process,
wcluding but not limited to molding, casting, micromachining, and build-up or lamination
techniques known e the art. in one embodiment, the primary substrate is made offby low
igmperature co-fired ceramics (LTCCY Homay further include 2 coating laveromatlora
partion of the substrate, for example o provide or improve hermeticity, biccompanibiliiy,
honding. andéor reservoir content compatibility, stability, ov relesse. Depending on the
mapose of the coating laver, it may be applied inside the reservoirs, cunside of the reservairs,
or both. Examples of possible coating materials inclode biocompatible metals, such as pold,
and polymers, such as parviena.

The primary sabstrate 440 and the silicon substrate 442 are bonded wuether using any
suftable method, to hermetically scal the reservoms 444, In this way, the open end of the
reservolr 444 s in fuid communicoation with the apertares 246 for contrelied release or
exposure of reservolr comtents. To o preferred embodiment, the subsirgies are hermetically
sealed together using 3 compression cold welding process, such as described n U8, Patent
No. 8,191,756, which is incorporated harein by reference. As shown in FIGE, 5A and 58, the

second side of
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{he siticon subsiraie 442 mcludes ving struckures 4582 formed thereon, and the first side of the
primary substrate 446 includes grooves 456, These bonding featares are eompressed together
to form a cold weld bond. # bermetic seaf, survounding the individual reservoirs, Thering
structures 452 may be formed by a depositing gold or another meatal laver on the silicon
substraie. The grooves 458 may be siched i the silicon and (hen coated with & metaliized
taver of the sare material as the metg! ving, Varlations of this embodiment are envisioned,
for example, wheve other positive and negative bonding features are provided nvon either or
both uerfacing serfaces of the sHficon sabstrate and the primary sobstrate.

The priveary substrate 15 generally velatively thicker than silicon substate, and all or
at feast a majority (greater than 50%) of the reservoir sidewsH height for depth) is define by
the primary substrate. In an embodiment, the silicon substrate has thickness that is between
3% and 50% of the thickness of the primary subswate at the bonded interfaces of the
substrates.

Although not shown i the FIG. 4 of FIG. A, the reservoirs 344 and 444,
respeciively, include reservoir confents positioned therewithin, The comtalnment reservoirs
can be configured 1o store essentially any substance or device component in need bermetic
coutimnment and subsequent release or exposure g a selected time. The reservoir contemt
way be, for example, 2 chemical reagent, & drug fornulation, or sensor or component thereod,
such as an electrede. In ap embodiment, a single device inclades ai least one containment
reservolr containing o biosensor and at lesst one reservoir containing a drug formulation
Exarnples of various reservoir contents are described for example b1 ULS. Patent No.
T.SHEA5E ULS, Patent No. 7497 B35, ULS, Patent No. 7,604,628, U8, Patent No. 7 488,316,
and POT WO 20124027137,

An exemplary embodiment of a containment device 608 including 3 microvhip
element 612 is Hiustrated in FIG. 6. The contatnment device 600 includes a ceramic PCB
6514 which has via 630 electrically connecting elecironic component 618 to the microchip

alement 612, The electronic component 8§18 is secured on g {irst side of the caramic PCB

- 614, and the microchip element 612 is secured on the opposing second side of the first PCR

614. The via 638 electrically connecis to & memlitved conductive surface 632 on the first side
of the first PCB 614. The electrical cirenitry 635 of the microchip element 612 is electrically
counected to the metathized surfice 632 by wirebond £34, and an epaxy 633 couts the
wirebond 634. The second side of the ceranue PCB 614 also includes a metallized

conductive sarfzce 637, which is electrically connected to the electronic component 618,
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Although uot shown in this illustration, the containmen! device 608 may clude muliipls
PCBs, s well sy muluple viag, electronie components, and wirebonds.

The mucrochip element 612 includes g primary substrate 646 and o silivon subsirate
642, The pumary substrate 640 and silicon substraie 642 are bonded together by
compression cold welding at‘adjacent the mierface of 3 riny structure and groove sirachure
tongue 650/652, Reservoirs 644 are delfined in the primary subsirate 648 with the open end
i fluid compmumncation with apertures 646 defined through the silicon substrate 612,
Electrically conductive reservolr caps 648 sealingly cover the apertures 646 and reservolrs
644,

This containment device 608 may finther include a second ceramic PCR and a metal
housing ring, similar to the sssemblies shown i FIG 24 and FIG. 3

Modifications and variations of the methods and devices described herein will be
obvious {o those skilled i the an From the foregoing detailed description. Such

modifications and variations are intended fo come within the scope of the appended claims.
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Claims

1. A containment device comprising:

a first microchip element which comprises a containment reservoir that can be
electrically activated to open; and

a first electronic printed circuit board (PCB) which comprises a biocompatible subsirate,
wherein the first PCB has a first side on which one or more electronic components are fixed and
an opposed second side on which the first microchip element is fixed in electrical connection to
the one or more electronic components.

2. The containment device of claim 1, wherein the first PCB comprises at jeast one via
electrically connecting at least one of the one or more electronic components to the first
microchip element.

3. The containment device of claim 2, wherein the at least one via is electrically connected
to a metallized conductive surface on the second side of the first PCB, and the metallized
conductive surface is wirebonded to the first microchip element.

4. The containment device of claim 1, further comprising:

a second electronic printed circuit board (PCB) which comprises a biocompatible
substrate, wherein the second PCB has a first side on which one or more electronic
components are fixed and an opposed second side; and

a housing ring securing the first PCB together with the second PCB,
wherein the first side of the first PCB is oriented in a facing relationship toward the first side of
the second PCB.

5. The containment device of claim 4, wherein the biocompatible substrates of the first and
second PCBs form the outer surfaces of the second sides of the first and second PCBs,
respectively.
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6. The containment device of claim 5, wherein the housing ring is formed of a
biocompatible metal and hermetically seals the electronic components of the first and second
PCBs within the housing ring.

7. The containment device of any one of claims 1 to 6, wherein the biocompatible
substrate of each of the first and second PCBs is ceramic.

8. The confainment device of any one of ¢laims 1 to 7, wherein the ceramic is alumina.
9. The containment device of claim 4, wherein second side of the second PCB comprises
an antenna.

10. The containment device of claim 4, wherein second side of the second PCB comprises a
second microchip element which comprises a containment reservoir that can be electrically
activated to open.

11. The containment device of any one of claims 1 fo 10, wherein the containment reservoir
of the first microchip element or of the second microchip element is a microreservoir which
contains a drug formulation or a sensor element.

12. The containment device of claim 1, wherein the first microchip element comprises:

a silicon substrate having a first side, an opposed second side, and at least one aperture
extending therethrough, wherein the first side comprises an electrically conductive reservoir cap
which closes off the at least one aperture;

a primary substrate which is formed of a polymer or a glass or other ceramic material,
wherein the primary subsirate has at least one reservoir which is defined by a closed end wall,
an open end, and at least one sidewall extending between the closed end wall and the open
end; and

reservoir contents positioned within the at least one reservoir,

wherein the second side of the silicon substrate is hermetically bonded to the primary
substrate, such that the open end of the reservoir is in fluid communication with the at least one
aperture for controlled release or exposure of reservoir contents.
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13. A method of assembiing a containment device comprising:

providing a first microchip element which comprises a containment reservoir that can be
electrically activated to open;

fixing the first microchip element to a first side of a first electronic printed circuit board
{(PCB) which comprises a biocompatible substrate; and

electrically connecting the first microchip element to one or more electronic components
which are fixed on a second side of the first PCB.

14. The method of claim 13, wherein the step of elecirically connecting comprises
wirebonding.

15. The method of claim 13, wherein the first PCB comprises at least one via electrically
connecting at least one of the one or more electronic components to the first microchip element.

18, The method of claim 15, wherein the at least one via is electrically connected to a
metallized conductive surface on the second side of the first PCB, and the metallized conductive
surface is wirebonded to the first microchip element.

17. The method of any one of claims 13 fo 16, further comprising:

providing a second electronic printed circuit board (PCB) which comprises a
biocompatible substraie, wherein the second PCB has a first side on which one or more
electronic components are fixed and an opposed second side; and

securing a housing ring to the first PCB and to the second PCB with the first side of the
first PCB oriented facing toward the first side of the second PCB.

18. The method of any one of claims 13 to 17, wherein the containment reservoir is a
microreservoir which contains a drug formulation or a sensor element.



