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Patents No. 5,797,898, No. 6,527,762, No. 6,491,666, and No. 6,551,838, which

are incorporated by reference herein. These devices for the controlled release or

20  exposure of reservoir contents include a plurality of reservoirs in which the
reservoir contents are contained. The reservoirs may contain pharmaceutical
formulations for release, sensors for exposure, or combinations thereof. In
constructing these devices, it often is necessary to seal two or more substrates or
other parts, which may contain the reservoirs and reservoir contents or electronic

25  components associated with operation of the device. ‘

Various sealing approaches are known in the art. Examples include
those described in U.S. Patent No. 6,730,072 {(describing the use of a polymeric
gasket and backplate) and U.S. Patent No. 6,827,250 (describing various
techniques for hermetically sealing micro-reservoirs, including high temperature

30  laser or resistive welding, soldering, ultrasonic welding, and metal compression
gaskets),‘ and in U.S. Patent Application Publication No. 2005/0050859 A1,
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forming 25 hermetic seals at low temperatures with a range of materials..
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that is relatlvely simple and cost effective, particul ge scale

production viitreHigH Féhébuh@@%bfgﬂﬂﬁ?f%?f@%\?gﬁif h]ams on Elastomeric
Supports: Cold Welding Under Ambient Conditions,” Science, New Series,

20 253(5021): 776-78 {Aug. 16, 1991) discloses a gold-to-gold bond under ambient

conditions by contacting thin gold metal surfaces on top of compliant polymers.

However, the result is a bonded interface with “islands” of contaminants that are
not bonded. These islands could form a contiguous leak path.
It would be desirable to provide improved sealing methods, for forming
25  hermetic seals at low temperatures with a range of materials. . It also would be
desirable to individually, hermetically seal a plurality of closely spaced
reservoirs between at least two substrates, in a process that is relatively simple

and cost effective, particularly for large scale production with high reliability.



Embodiments of the invention provide compression cold welding methods
and structures for herm@&ticathasealinh«ldeastibio substrates together.
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In preterred embodiments, the one or more overlaps are effective to displace
surface contaminants and facilitate intimate contact between the joining surfaces
without heat input. In one embodiment, the at least one tongue structure has a tongue
height ranging from 1 micron to 100 microns and a tongue width ranging from 1
micron to 100 microns, and the at least one groove structure has a groove depth ranging

from |



WO 2006/052763 PCT/US2005/040049 micron to 100 microns and a
groove width ranging from 1 micron to 100 microns. Various combinations
wof Tmsteriads of construction may be used. For example, thegirgtirmtalihgo
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20 wet etch process. In one embodiment, the first joint structure and first joining
surface are a layer of metal covering at least part of a surface of the first
substrate.

In one embodiment, the method may further include providing one or

more pre-forms between the first subsirate and the second substrate, wherein the

25  step of compressing together the at least one first joint étmcture and the at least
one second joint structure further comprises deforming and shearing the one or
more pre-forms at pre-form interfaces with the substrates or the joining surfaces.
In one embodiment, the pre-forms comprise a metal, a polymer, or a metallized
polymer.

30 In one embodiment, the method further includes heating the joining

surfaces at the one or more interfaces. The compressing step and the heating



surfaces at the one or more interfaces. The compressing step and the
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layer of metal conformingly surrounding radially outwardly directed
surfaces of said second compliant polymer; compressing together the at
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discrete reservoirs in the at least first substrate positioned between the front side and the
back side. In various embodiments, within the at least one containment space there is
disposed a sensor, a MEMS device, a drug formulation, or a combination thereof,
coniained in said containment space. In a preferred embodiment, the joining surfaces
are joined together by a metal-to-metal bond formed without heat input.

In various embodiments, the first metal, the second metal, or both, metals may
comprise gold, platimum, or a combination thereof, and the substrates may comprise a
material selected from the group comsisting of silicon, metals, ceramics, polymers,
glasses, and combinations thereof. In one embodiment, a pre-form structure is deformed
between the first and second joint structures. In another embodiment, the first joint
structure or the second joint structure comprises a microheater. Optionally, an
intermediate layer may be provided adjacent to the microheater, In one embodiment,
the first joint



between the first and second joint structures. In another embodiment, the
first joint structure or the second joint structure comprises a microheater.
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substrate defining said aperture comprises a layer of a |§st electrlca‘fﬁ/
conductive material; providing a second non-conductive substrate having
a projecting member extending from a surface of said second substrate,
wherein said member is formed of or coated with a second electrically
conductive material; and compressing the projecting member of said
second substrate



into the aperture of said first substrate, to locally deform one or both the

first and second electrically conductive layers, in an amount effective to
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cross-sectional view of one embodiment of a hermetic seal system having
a joint structure design having a single cold welding shear layer at each
joint structure. FIG. 5 midhesergeiitiondltiieRigdane embodiment of a
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cold welded between joint structures. FIG. 6 is a cross-sectional vie
groove piBtEHEHIB datiHe Rt aPHeAdRstic hsaar sy sean Patdd hietan s sipmsold weld
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FNECIYr e deSiR-sectional view of one embodiment of a hermetic seal system having a
joint structure design having a single cold welding shear layer at each joint structure.

FIG. 5 is a cross-sectional view of one embodiment of a hermetic seal system having
metal pre-forms which can be compression cold welded between joint structures.

FIG. 6 is a cross-sectional view of another embodiment of a hermetic seal sysiem having
metal pre-forms which can be compression cold welded between joint structures.

FIG. 7 is plan views of five different embodiments of joint structure base shape
geometries.

FIG. 8 is plan views and cross-sectional views of six different embodiments of joint

structure designs that can be used in compression cold welding to form a hermetic seal.



FIG. 11 is a cross-sectional view of one embodiment of a hermetic seal

system having heaters and intermediate layers on the heaters. FIG. 12 is

a cross-sectional view of one embodiment of a hermetic se@ % 31,3

3 " o 37040049

Wﬁ’a%é“?ﬁ?g?oheaters on a joint structure core comprising a 3561% r%%ée il

material and intermediate layers on the microheaters. FIG. 13is a_

cross-sectidfiél, Wéncofsenectmbbuienenti dher kerdtivestsadt ystEtic3asling

mi crgheaters i direel GoRACl WA IRINRSSTHAREMARIR) G4 is 2

crosssysseecr:%%tn%a v(—ffaiv‘f/V Gf one embodiment of a?#grmetic seal 15 system

havindustietesheakdfs. 8n a joint structure core comprising a substrate -

material anghip: diipat CORRGLYIINA iRiNngEUHAcRIMAl iRk FlGoR ndly

perspective view of one embodiment of a hermetic seal system having a
Ritin6f enapmbadiosit ré A korareie ek sysieib AT R o BIS R S ABOM A

of a g hermeticgeal system having a solder clamp, showing the
assembly steps. FIG. 17 is a crpss-sectional view of gne diment ofa[
hermetic sel syl AERFEFEEBRY ISR I%ﬁ%ﬁﬂfgxgﬁ%ﬁq&% RN
mategigtelnl Gavlfsiiaero andsantiond aicayefsansienbadiment of a device
that includ n %rra)‘/1 of re_seryt/.oirslthat rb ve eacl r%@ni”&“éiﬂéjr?ﬂ%ic seal
hermeticallgﬁ% ;’: AfétfTise Sae%é?%%r‘é?gon Cordwer INg process with a
10ngsestama lgraogenjoivhdgsig on Theitctipdith ewe vimepnsivlie ubrirate
reseryalis s Aafined samprises dumsnhsiialagnions that also have

been hermetica ly se together using a compression cold welding
process witFEGokbise srggresirajbinevediore mraodigmiopahgsmeiiecal
view gf ane emhedimeifRde vics taahiAQ INAUORS AL EaK-Oaterial.

reservoirs and having a joint design for individually hermetically sealing

the reservoifd Gskiy BecERtpRsSERRI BRI WA IR GTPPodERRipipGermetic Seal
206452403, PiGd Al S3H0RMN04 Poiftl Grkiis 6606 Soagailonab Wieus o
three embodiments of hermetic seal systems hgvi@nglf\l/arjolus polymer joint

structIATAlandi i ARSHER SR SlvRiRes 1'% cross-sectional
view of an eFrohdiieatefpartitreseofoie embodiment of a hermetic seal

system having a Nitinol clamp.
FIGS. 16A-C are cross-sectional views of one embodiment of a
20  hermetic scal system having a solder clamp, showing the assembly steps.
FIG. 17 is a cross-sectional view of one embodiment of a hermetic seal
system having a cold weld clamp and a compression seal material.
FIG. 18 is a cross-sectional view of one embodiment of a device that
includes an array of reservoirs that have each been individually hermetically
25  sealed use a compression cold welding process with a tongue and groove joint
design, The body of the device in which the reservoirs are defined comprises
two substrate portions that also have been hermetically sealed together using a
compression cold welding process with a tongue and groove joint design,
FIG. 19 is a perspective view of one embodiment of a device that
30  includes an array of reservoirs and having a joint design for individually

hermetically sealing the reservoirs using a compression cold welding process.



5 containment device, illustrating the hermetic sealing of the reservoirs by
a compression cold welding process. FIG. 22 is a cross-sectional view of
one embodiment of a sealed structure using a bonded "sandwich"

V%?r&?ﬂﬂpézf'ésprotect an intermediate substrate which is not sﬁﬁfé%&&"%"m”

compressive bonding forces. 10 FIG. 23 is cross-sectional view of one
embodimengof pauts, psiardaHoantingy for farssingidialesisicbhyimetic seal

connectjon by compression cold weldin s described herein. EIGS.
> B B R BV RO S BRI VET B st WA B s,
compmedsien cold welding as described herein. FIG. 24A shows the 15

parts beforeygprngetian, And i, 313 hons e amas e, A8RMENG o
FIG. 25 is a perspective, cross-sectional view of one embodiment o
parts cprisintodnb deliing, ibvsuatingdhamheiectitcualizgcdnmertiorvoys by a

compggl%?il%gsigglgog%mﬂl ﬂ%cgs@.is a perspective view of one

embodinment of an electrical via 20 connection made by compression cold

welding. Th&kfudRdtensaoves vl piloaesmhy Bt of a5esigserture
and tQethnfrlGsng {ABRIE SaANMNG SIRRIRS RsrsiaRNS (R RASHOf two

silicon substrates having microfabricated seal features for compression

cold WEISHAE “2HoD & 208 SUBIES IR SRBPIFRS NG RIS EIRE D ds and
devices havproran geyelepectinioriza hesmackiensdahby af pOMPHESSAN

cold weldin ocess, The process and seal designs advantageously . .,
o T 0 S O e R O o
proteetidgssahaitivesiievice components and contents from heat 30 and

solvents. Theaalijd iocess valves.compression.and cald welding,,
together two substrate fhatar provided with oné or more join seaﬁlng
surfacesielty WORESH/052 168 iy 3SkeoHed 0o thBEGH 2dagshows the

POMPLESSINSIER,JRGalbn IEia T ANtk NRRH IR AR AENTRIR G Ular

diffusion and bonding. Advantageously, the shearing and deformation of
metal sealin§i&erfddes BeisBeAHTEIretraertoRal ey pierd eufersiment of

parts, prior to bonding, for forming an electrical via connection by compression
cold welding.
FIG. 26 is a perspective view of one embodiment of an electrical via
20  comnection made by compression cold welding. The illustration shows the
material overlap between the aperture and tooth.
FIGS. 27A-B are scanning electron micrographs (SEMs) of two silicon

substrates having microfabricated seal features for compression cold welding.

25 Detailed Description of the Invention
Methods and devices have been developed to form a hermetic seal by a
compression cold welding process. The process and seal designs
advantageously permit device parts to be bonded together reliably and
efficiently, while protecting sensitive device components and contents from heat
30  and solvents. The sealing process involves compression and cold welding

together two substrates that are provided with one or more joint sealing surfaces

10



or organic or inorganic contaminants present on the surface, thereby
providing 5 an atomically clean metal surface to promote metal-to-metal
bonding between the joining surfaces and thus hermeticity. tis, ol
W\ﬁe‘zfﬁ)ﬁ{éi%?r(ézates joining surfaces that are free of contaminaﬁéqg‘nggot%@s& o
free to bond. In a preferred cold welding process, pressures above the
yielehstrassof shermetalicauss e itiniuosirasisesendjoinity surfaces
to deform. The metal deformation.serves two 10 ses. L peatas
intifAEERIRTA eh Efﬁr%%’gﬁl%n&su‘% g&érégé‘g%gf#{) gllsplgcesgéurface_
oxidégandinthef srhibseiliaptsishdambtatiabymet PEAYRY BERcvddes

In embodiments where a metal-to- EJQH@%QM& ?WI@H .
additions c%%é%"ﬁ%%%}l %808?1%%‘%@33?}?%@% aspect, a me%g IS e

Provivesiocbrrieticalybeafeede BRasanends -sematiakbendige e een
V.Vh'%ﬁeﬁcﬁlﬂ%gﬁﬁ%cés%ﬂa afRruidinga firsh subsiraehaiingceblensiang
first joint structure which comprises a first joining surface, which surfac g
com%ﬁ@é@%ﬁ%@&l%‘?@%%%@é@éﬁ}&%éﬁ&?ﬁﬁoﬂgvﬁ?gaﬂ?é%?‘gﬁ@
secqpddRippRieE e Whishsomprisssal seeoner jpining suriacetwttting
surface comprises a second metal; compressin E(éggthegt}:hg s%[,‘l}eea%one
first W%Wdﬂ?énﬁﬁﬂrfﬁ%eﬁfqgfg?%e %@ﬁ% iSTAP SHUCTUre To Tocally
16lefopmreksheatatbeiinining surfanésmtconthojoiing mrérfasemihian
amouynt effective to form a _metal-to-metal bon he fi .
i SERSE PSS S0 e, AL o A e B T ng
metabmayche themhndtnomeifférenta Tet-toonkiabboifisr ErmEidys idhe

same Elﬂglsﬂe ngg&ﬂi. If m@ %@%@&%JM'S metal and the second
metal mayhave difterent tructdral morphologies, e.g., crystal structures,
grain structirenetspicbri-rathnd e panvisled for Serasisahesspling i deast two

I@ate%@ﬁ&@é‘é woledndium; Sl WRinEE dcORBR o f8ReviERe, 4 EKEhuBHere having
palladium, cadmium, titanium, tungsten, tin, and com,bl,natlonug_éthere% H
Golcrblegsleans bRy e I RS FARC T PRI S AR TAIBHRE SRRy

substfate.obifs3Q Mayhednwiediehyarievsndaiesials; sudhgpat sitisome

glasses, ceramics, polymers, metals, and combinations thereof, . .
Non-HAGERHBE DY B PRRT P B TG a0 ich surfuce

PCTAIS3005/046044 rmralkiataprshicetogmhia; e diishtagfEssjoint
2%|umfls?rlljlgntu(1?{z,( Ia%% Jtﬂeaz{Hece)lgtl tosngosréngﬂd joint structure to locally deform and shear

the joining surfaces at one or more interfaces in an amount effective to form a
metal-to-metal bond between the first metal and second metal of the joining
surfaces. The first metal and second metal may be the same or different. They
could be different alloys of the same base metal. If the same metal, the first

75  metal and the second metal may have different structural morphologies, e.g.,
crystal structures, grain structure, etc. Non-limiting examples of suitable metal
surface materials include indium, aluminum, copper, lead, zinc, nickel, silver,
palladium, cadmium, titanium, tungsten, iin, and combinations thereof. Gold or
platinum may be preferred. The first subsirate, the second substrate, or both,

30  may be formed of various materials, such as silicon, glasses, ceramics,

polymers, metals, and combinations thereof. Non-limiting examples of subsirate

il



silicon nitride, and combinations thereof. The substrate and the at least
one joint structure may be comprised of the same material or different
materials. The joint structure may be formed in/on the substrate

by a
W88 Bfocesses 5 known in the art. Examples include d@gﬁqgé%ﬁ(/ém‘w

ion etching, drilling (e.g., laser), milling, micro-machining, MEMs

Procassings YhdE qRincessingInkibelauhatmtauhhexfisijaint sfitciurms,
the second joint structure,.or poth, ma mp%r' ea matcfﬁ'lal lected from
cgiﬁ‘o

ot AT PSS AP CBHNEHR hSTFST CRRABTIENE HG B L OR Ot
possipieiai sl betewepiRtarid hineindertiterib on diffemuntfaceermdialShe

mentioned above, such as indiu uminu Id. _chromi inum,
copﬂ%ﬁr}tﬁfﬁi‘gﬁrﬁﬁ?ﬁlgﬁg) e?%b?dgﬁhecsc% %%%? ns 't S?éé#, g;g%%gééﬁgas
sluminewin @ntieodrits Barmg] aguestadéuisep siivesitinstcbigalribineg(iaam
nitride, silicon.carbid ' e jol i

with fhe i g, Al e b UL Sl TS Do PRI e
structehrsitaifofhe diisyibivh airvg ardcthistseprabiatns redusts ftbpE Ry

subsfraterLhis pgifosned Sticivig-cauldhadrEmasksfar axasmpiaadby

electroplating, chemical vapor deposition, sputtering, MEMS progessingh
micréombiERifAg heroh Frorarishel RpssRlRIBHHYrerRa Ak Sfude the

18lruGHEe GarrRke Atatheditolbe sivsliaieh foneKampitudyum, gold,
thermocompression, soldering, or ultrasonic 20 welding., The joint.
struciiE R R By @%%@"ﬁi‘%ﬁ@’c@ﬂﬁiggﬂ% ’t?ged e farﬁlgt%srial or
differpaicorasefiall ahubneienbaninéitt, renmathed, fiuthbsiliveludieon oxide,
providing. one ar more...separate, pre-forms between.the, fi nd
the s% %‘6@?[%?@?% ferein - Qé asl}é)élgpggtr{ﬁ p?ggé?r}i%t t%%} é%%gg f%%geal%%
leastinteerfirstijbitiestwbstiate aridiideddo 25 keagteorebsdaeljdintecture

1%‘”“%&&&@@“5%%9&{%%%9% ; S?i&ﬁ@{ﬁ}g & f00R-A RRIEPIE TS Rhte.

pre-form interfaces wit trates or the joining surfaces. The
pre-faiis preyfosesd wirseturo cexdmplorpyd. lorepspdadi GleRERasne,
prpc%ﬁéfﬂgamqbﬁq}Mit@ﬁ%ﬁﬂ%gﬂm@&&@%%%%hﬂﬁng,
micro-casting. The pre-fonns may _comgrlse a metal, a polymer, or a

metalisad PREESIPEF. 20 PRI 5T B PO SISSBE8 fiRgAgtached to

the substrate, for example, by thermocompression, soldering, or nitrasonic
20  welding. The joint structure and its joining surface may be comprised of the
same material or different materials,

n one embodiment, the method further includes providing one or more
separate pre-formis between the first substrate and the second substrate, wherein
the step of compressing together the at least one first joint structure and the at

25  least one second joint structure firther comprises deforming and shearing the
one or more pre-forms at pre-form interfaces with the substrates or the joining
surfaces. The pre-form may be formed, for example, by LIGA. processing,
MEMS processing, wet etching, laser micro-machining, stamping, cutting, or
micro-casting, The pre-forms may comprise a metal, a polymer, or a metallized

30  polymer.
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In preferred applications of these methods and seal designs, the hermetic
seals are used in sealing microfabricated device components, particularly
implantable medical devices. In a preferred embodiment, thg L
/(S L : \ , ?ﬁg 340049
W "I%B"?f%ﬁe?’thods and joint structures are used in a device to%ﬁrf |V|(§{L}Jaﬂy
seal an array of 5 containment reservoirs loaded with reservoirs contents,
such as drugpfefreahippliedieaieasthendintiidsend oesl dastifoy, thojakege

associgted electronic_compaonents. fg rating.t P(t!é: QRgaspect,
a de%?éﬁes ﬁg%?gg%g& ?ﬁ%%%n C%F%Pa 8%{%8%% or ?n%orlg ootg{[%es’?ah%rmet%
sealsmirlamtab emizddinhdentjdtre Hewipslentddusbadinenuhistpaessivitehng o

may IR I Bl TRHEMAPLR. QL RN ALG RO IIORS RRMING &xbhury b
reservoirs each of which contain a sensor or drug formulation, where each
Feservoiaineieriossarfipdtsdpeterhty e seraioith RoBEsBis TECHSTEBST Y first

openingisiHesadLy Mdtsanveinear, il san f@@cﬁ@é@%&’&%ﬂeﬂ@i@@ﬁﬁﬁi&

disintegrated to control the time and/or rate of release or exposure of the
15 reSBIeneaE P Febng Baflsiifnent the reservoir further includes a

second openig dipkakle daeidyst pReNIBY D ihappaingsishernedieallithese
sealed after or simultaneously.with lgading.of the reservoir. cantents.into
the rESBRGER SeRmiIlAMe gé%ﬁ&’ i@o%%lg%gﬁemﬁast%er |tr§'t%%sl5 % r nél%
1@ seenndisclg ate, otging eradenr ansubsoithpdréon fiegeakinjunbtiods
and joint designs.described 20 herein. Optional gggﬂ [
inclu%sgrgoffas%gg‘g}iﬁg“é ra%c Srnga ér?ﬁg%ﬁ:lg?ﬁ/%% g% to glggir acé@%{ (t:ﬁe
first cesevwnibshidstratisstopronrgat elfutronifeo pipbnéritrassbeiated

with powyer ioling e dssaniQiGandisintegr atiendareipny
reselgﬁ)%%%gs%gg%egﬂg '!fl'he lpa?clﬁajs ing structure and %germetic sfals
protedisthisariedrsneereathibeBReg Rt o isde pROR eASRRTREREHT IS

BVirgRmest Asisedisieitmtiaitasm tendsonBie ririirfars e second

environment external the reservoirs, including biological flyids and, tissues
ot 2 SREBPGASIAHEUSHOREIEE: 2P FRTE0R SRAAL Hafhig: et o

storagignartshadngiing itieaiip viveeusspidihe desiceinfsiisaddresiin, the
term "cold weld" means an intermolecular, band 3 for;E'n?d witho%tt e
HREIRSINR RBRGR 28

applicARATF O HBSS 5t RORGHB S HSicaRy ek AsR o choe e

using one or more of the hermetic sealing methods and joint designs described
20  herein. Optionally, the device further includes a packaging structure
hermetically bonded to a surface of the first or second substrate, to protect
electronic components associated with powering and controlling the reservoir
cap disintegration and any reservoir based sensors. The packaging structure and
hermetic seals protect the electronic components and reservoir contents from the
25  enviromment. As used herein, the term “environment” refers to the environment
external the reservoirs, including biological fluids and tissues at a site of
implantation, air, fluids, and particulates present during storage or during in
vitre or in vivo use of the device.
As used herein, the term “cold weld” means an intermolecular bond

30  formed without the application of heat, with ambient conditions typically less

than 40 °C.
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13 WO 2006/052763 PCTIUS2005/040049 As used herein, the term
"hermetic seal" refers to preventing undesirable ingress or egress of
chemicals into or from one or more compartments of the device,
YWAR0e62AFthe device reservoirs, over the useful life of the RETAES 105040049
purposes herein, a seal that transmits helium (He) at a rate less than
IXI0-9 5 atmiezes heremieoeimeliendis swediepsiein phe/iatng undesirable
"comprise,’ comprlsE}%1 'include,” and "including' are intended to l%?h
open; %?F’Tlﬂﬂﬁﬁ’&st% Wf@i%lfﬁ% FoETRSPR OSSO RITHES TR OF the
DeV|Gﬁﬁmmnaﬂtsl@mﬁamt&mhsetﬁﬁhmharmemﬁemmm&jr§br
substrate hav1,l 19 ?t Ieast rst ‘i‘l'é S%s{truct r%tg"iég 4%%19}516r§ace

and 2PSEcond sSubStrate 1 avmg af Teast one omt structure with a
secorﬂhﬁuﬂsgssmtmdm@ndécbat one or more mterfaces by cold welding.
In preferred E‘lﬁ% HRRIS: %‘?eg a1 Hégm@(HﬁBHL%lgm SHGH 1ofna

medical imp ants. In one em |men e two 15 substrates may

optiorisiusings mr@ﬁée@ﬁ%é@é)@ppésemoar}gngéws@rmsﬁi%@séhﬁjcontrary is

electropicsiihagupsirates may comprise, silicon, glass, Pyrex glass,

stainless steel tltanlum alumina, silicon nitride, and other biocompatible
Dexige Sommanents aRIVBRUNS S In one embodiment, silicon

$U bstrates aﬁﬁwmﬁe sezimﬂqam@qbﬁﬁsﬁ mﬁmaearmﬁgrﬁde@w Rd irst

infrared (IR) spectrum. It js 20.understood th ectros ethod
g ETETRI: T 61 SIS b SR g Do) e
appromﬁmsﬁdgmmmmmEmmmdqugduhfma thedsd s ratenmagre
compi ol ers ith_high e u stress to
cause%lrﬁ %rg ﬁlng%g] é}%%&é“?%%fuﬁflegsgg %L%alled
"seallhg)tem@!f) mﬁeattbd@bstcéte&li@pimi%dnmwth@isaﬁﬁé theawo

qiferent material than: e BHDSIFAIe ROt RRIANG L I A0 STCHES and

are micro- machlned Into the substrate, the joint structures are comprised
of the AeasETRiee RRESTRFTAIRS MAYPERPTIG Bk Bl S TRaglah %Famless

pre-fogra-hendedntodhasubstiate samised ahe didssapamatasialthanind

the substrate, such as a metal, a metal alloy or a.combination of metals .
In andiber metals or polvmers. In one embodimént, silicon substrates allow for use

of optical probes in the near-infared (NIR) to infrared (IR) spectrum. Itis

20 understood that spectroscopic methods using light in the visible, UV or other
wavelengths may be possible by an appropriate selection of substrate material,
In addition, the substrate may comprise polymers with high enough Young’s
Modulus and yield stress to cause high shear during coid welding.

The joint structures (also called “sealing features™) on each substrate

25  may comprise the same or a different material than the substrate. For instance,
if the joint structures are micro-machined into the substrate, the joint structures
are comprised of the substrate material. Alternatively, the joint structures may
be a pre-form bonded to the substrate comprised of a different material than the
substrate, such as a metal, a metal alloy or a combination of metals . In another

30 embodiment, a LIGA formed nickel joint structure could be electroplated with a

layer of gold and then bonded to a metallized substrate using a solder, braze, or
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30 embodiment, a LIGA formed nickel joint structure could be
electroplated with a layer of gold and then bonded to a metallized
substrate using a solder, braze, or 14 WO 2006/052763 R

YO RIESd5/040049 thereto-compression bond. The LIGA{} gﬁ/&}&ﬂ}%/tmonw
could be comprised of any metal or metal alloy compatible with the LIGA
processniicyeipasibe bermbTHaie6H tmioint stuldtbespradsedoésnid be
formed from glass.or silicon  using. micr {romechagical: systam
(M Eﬁ@?{f%?%g‘ﬁc%%g Ql%rép%l% es‘tgrlt{j@t%l reggﬁ%/g{ﬁ)ining sclﬁ%‘aces (also
calleghiishisariayibegoot Sherdingreditaesendvbidirared frare alny ¢heigon

and qRtpnalmay iRt ia A Gl MesdprasiaRiai altemate
embodirent, described in further detail below, the joining surface may be
& compliantpoiginbsirneasmas it s eaeh it e g8 ReEBR S réls
are ugedas a,ioming suHagerSpitahiity Gaaheddeteunined yoaneo
skilled in the art, for example, based on the partlc%!lar Jogjnt %ﬁeéqwnt@}%t%%g&
the ARGHIRBNGTREAES dBADEHSHILDRPBeUmSHE PT- TR &Rk
additippwneleisithat damet havea susfastaaxidtyordavéeriigitirel sty
oxide to parent metal hardness are %rgfesrgble for lsjs%%g Wﬁ?‘ ggﬁ}gg.
See 9Yi8taSHE, SREARPR SRS LR PSSt & Weltmg” Britis elding’J.
1Margbid854ddltsyand dUiled et ettafor tenpdnbasedioB dlid iSbirslar jomt
Pressure Welding:' Weldin searc plenenty BR a39%:d & form the
(Sep%eﬁ%%tfyl qkeﬁgiﬁ%%eonta%fsga%@a%%?es ofggll}(tabfae@etals (and their
alloy$iinclirckeiditioh Meyalndiahd (gt bauaTRibORIKies ppBRCHIIgE gplative
(Pb), Zing %g%:%l%%'tﬁ\ﬂ%x&}!é!&raﬁég}e B (R0 as%?léﬁﬁh’g@dﬁﬂ%. ansk
cadmium . Representative examples of joining surface 20 metala 054
prefelidectsr. bibuerigatiomyrmsriae g Baldng Rt Hfegifshiithd 2>+
srfagesMay, Qhoaay Rotbe Lampised Qfithsisantecmatewaldadh@skiand
joinin%gurface with which the firstﬂ;(é%%ng urfei%%sﬁ/ill orm th? per@% les
seal. FOE@E B4R Tofng Sat RSB comprisdd B Hiesnsiar ©
metals onighiffierapt.alleys gldhesaranmenaié @l ondixanils aiei28m
first joining surfa y old. while the se is. plati A0 ¢
embJ&}}lé}ﬁﬁﬁﬂécﬁ?&m%&t@rg&c%?;}r@%onﬁgﬁs@gsdfg t § s %rg }l)"r&%%?%l(\l/)vi)th
a differentistiy@ti)rahtheihalogiCdor Restasmsaavirstjoipierpsintaiss mepee
98 metals preferred for biocompatibility include gold and platinum.

The first joining surface may or may not be comprised of the same
material as the second joining surface with which the first joining surface will
form the hermetic seal. For example, the joining surfaces may be comprised of
dissimilar metals or different alloys of the same parent metal. For examipie, the

25  first joining surface may be gold while the second is platinum. In one
embodiment, the joining surfaces are comprised of the same material with a
different structural morphology. For instance, a first joining surface may be
annealed to reduce the yield stress through the normal annealing mechanisms of
recovery, recrystallization, and grain growth, while the second joining surface

30  may be deposited in such a way that the grain size is small, thus increasing the

yield stress.
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annealed to reduce the yield stress through the normal annealing
mechanisms of recovery, recrystallization, and grain growth, while the
second joining surface 30 maybe deposited in such a way that the grain

VLM AE, thus increasing the yield stress. 15 WO 2006/H#637E3005/046649
PCT/US2005/040049 The joining surfaces may comprise the same or a

different matgsia) thanthedeinh sl ushusase TRisallovs gierfeniteadem inn
the fabrication method of the joint as ngaa&r;ore deégejtg_nlécontrol %/%r tP%
exteMGINESERRBH S PSR CTEr TS STP oL R LR TSREORARE 805 ! the
strucisiecRuIbA Mistapdghinedronoad iliegtesl sl iatatancbigagint
surface material can be deposited on those structures usin blishe
Yy et R S e S
alumitticsbsteatecaay thegeintisiidalt amderrdy 2o aidepeditatotiteose
materials, and fabricati { I IRina:

s & %ﬂsﬁe% R&?@ﬁxﬁg%gsé%ﬁ%s{}o |tb0e' d%foﬁsaéx?é#'@ﬁﬁxng accurate

substra ets,efﬁgsjlg structure ' may metal or alloy with
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substrate having at least one second 25 joint structure which comprises a
seco mﬁmg @g@ﬁ'gheﬁ@ﬁ iSiSEuGiarg may be comprised of a single material or

a combination of materials,

20  Methods of Making a Hermetic Seal

The hermetic seals are made by compression and cold welding. In one

embodiment, two substrates are hermetically sealed together by providing a first
subsirate having at least one first joint structure which comprises a first joining
surface which is a metal, providing a second substrate having at least one second

25  joint structure which comprises a second joining surface which is a metal,
compressing together at least ons first joint structure and at least one second
joint structure to locally deform and shear the metal surfaces at one or more
interfaces in an amount effective to form a continuous metal-to-metal bond
between the joining surfaces at the one or more interfaces.

30 In some embodiments, ultrasonic energy may be introduced to the

hermetic seal joint during the bonding process. While not being bound to any
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compressing together at least one first joint structure and at least one
second joint structure to locally deform and shear the metal surfaces at
one or more interfaces in an amount effective to form a co '!;U_UQ <
WA 2 tal bond between the joining surfaces at the one or rﬁé}eﬂ‘mw
interfaces. 30 In some embodiments, ultrasonic energy may be introduced
to therhermeatiedealgnint ddrngithe isbadedghmiche sdiraanmie sASTEERRY
bound fo any, 16 WO, 20061052163 PCIS2005/040040 Rastiayar
mechanism %lsz}llgﬁlgf%ﬁglgaié}iﬁeveﬁ{at the ultrasonic ener’%y mg/iJ
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scrubhing the, cantaqynants oukalBedsinipg: sufBeasard:deioeming the

surface aspetrities so there is intimate contact at the banding interface.
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oxidation and contamination of the joining surfaces as the hermetic bond
is ZOWSM%gﬁ%éfﬁéﬁ@& the Hermetic Sealing Devices
and SystemGegguilistivcinigstaveihearuiesigneddiopdfficientlly fomaite gas,
e SIS S TR RURAR S HARIR A PR Tl 200
oxidation and contamination of the joining surfaces as the hermetic bond is

20 formed.

THustrative Embodiments of the Hermetic Sealing Devices and Systems

Joint siructures have been designed to efficiently create large local

pressures and deformations at the joining surfaces for a given load. FIGS. 1-6
illustrate cross-sectional views of embodiments of hermetic seal systems having

25  joint structures that efficiently convert 2 compressive force on the substrates into
a shear force on the joining surfaces to cold weld the joint structures together.
The shear force is produced by an interference or overlap between the joint
structures such that when the joint structures are brought together, there is an
overlapping portion of the metal joining surfaces that is deformed by

30 compressive forces. The relative shear of the two overlapping structures

eliminates asperities and allows the surfaces to interact and bond. In some
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illustrate cross-sectional views of embodiments of hermetic seal systems
having 25 joint structures that efficiently convert a compressive force on

the substrates into a shear force on the joining surfaces to cold weld the
V8 E%es together. The shear force is produced by anfiftEHei¥REa0049
or overlap between the joint structures such that when the joint structures

are hiQught-iegethaly iehatis i SysHaRPIrgRa i shibrrmesd jeining
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similarly on a macro-scale. FIGS. 1-6 illustrate only one set of joint
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form a rhombus-shape which can then be used as a mold for
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g(r)ossig?ecrtsi %rtl%{qg“isg}r/gsiofft ?r?ag gn 1?5% itrcr; %péa?g r%ore complicéted feature geometries.

FIG. 1 illustrates a cross-sectional view of one embodiment of a

hermetic seal system 10 having a “tongue and groove” joint structure design
which can be sealed by cold welding. The hermetic seal system 10 has a first
substrate 12 which has first joint structures 16. The first joint structures each

25  have a first joining surface 18. A second substrate 14 has second joint structures
comprising two joint structure elements 20a and 20b. Each second joint
structure 20a/20b has a second joining surface 22. The first joint structures 16
create a “tongue” which fits at least partially into a “groove” created by the
second joint structures 20a/20b. The width of the tongue as measured across

30  opposite sides of sealing surfaces 18 is greater than the space provided in the

groove of the second joint structures joining layer 22. Thus, the first joint
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hermetic seal system 10 having a "tongue and groove" joint structure

design which can be sealed by cold welding. The hermetic seal system

w h(;’i%% J;lrst substrate 12 which has first joint structures 1 ‘%l%%é%%%
QAR %Bach 25 have a first | joining surface 18. A second substrate 14

has second joint structures comprising two joint structure elements 20a

and 2pirtiacividnginydoitd stilmttes20a fhtabucevonijonmiface 22
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structure may include multiple layers of 10 materials to fine tune the
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before and after formation of a hermetic seal using cold welding. The

hermehstseiaRdy sFomiise s aas 2SRt oMb Rrs s dhdad et e
B¢ Thedstsariasirata/38hama first y&mtsaw«s&ye%@ ihediga ﬁf&t@ld@e

joining surface 38a/38b. The first joint st e 40 is
groov%r”ﬁﬂﬁ?:ﬁ?@?gr’rﬂté’&l}ﬁ "Bh &IPSR ﬁg@g@gﬁ? cgﬁsf‘rate

34 h%c&mﬁ@ﬁﬁﬁdﬁﬁmﬁ:&taﬁurﬁpﬁ@mm{fsmgtazﬂiﬁﬁaémamﬁt@s@mlhn the

second Ble Theoeanot St elon Aol O

Structwmpiihusgs‘he@mnthmal as the second joint struo‘an'e This second joint

20 structure 36 is in the form of a tongue structure, which may partially fit into the
groove structure of the first joint siructure 44.

A compressive bonding force is applied fo the first substrate 32 to cold
weld the two substraies together. As the compressive force is applied, the
tongue of the second joint siructure 36 is deformed into the groove of the first

25  joint structure 40. The deformation arises when the force applied to the area of
interference between the first joint structure 40 and the second joint structure 36
results in a pressure exceeding the yield stress of 36. The interference or
overlap also creates shear forces at the interface where the joining surfaces

38a/38b, 42a/42b mect. The combination of deformation and shear forces form

30  ametal-to-metal bond between the joining surfaces 38a and 42a and joining
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20 structure 36 is in the form of a tongue structure, which may partially fit
into the groove structure of the first joint structure 40. A compressive
bonding force is applied to the first substrate 32 to cold weld the two
V%%B%Q?Q%‘ég%gether. As the compressive force is applied, thed CtWﬁ@@%‘f“"““
the second joint structure 36 is deformed into the groove of the first 25
jointstmctyrmn And g efoimatiortfasisrshethenithedorceapalivg dsitheold
area of interference lﬁt een the first joint structure 40 and the second
joint‘gmﬁreg% Cresdl é\é/ma a pressure exceeding the yield stress of 36.
The interferesieaidrbovadaptatsoleichtos stigabétrees e toanirmauiekss in

whe joining surfaces. 38a/338h. 42 . Qm'p%?}iﬁﬁ]pf
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showp: fordlsHALIVG PAROSES sHH-MRYHAGISH BHSS R daradothan: Joint
shown. The larger the overlap, the greater the, compressiye force required
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silico&mqr%ov%gint s%r%cty[ﬁ:-e{Qnangther{tgﬁrl)gggiment, if the tongue joint
structife & con ahd the Jjoining surfaceis gold, the deformation is ]
localized toFii¢é éiaasmesmsssmﬁmaw&m@ﬁ@m@@hmnﬂé.ahermetw
f%ustf&%%%ﬁsf&%ﬁfs& gfzﬁl'evaslw ahamenRarinertolrilRimetiachreseple

system aving one cold welding shear layer at each joint structure. The

hermbgiestiapeystseBFh hase fiet sudisnd B ondiPer et s St stal®
54. Iny this-embodiment fhe st itinicwiaseaSovatans witbihpaeeoitce

joint surface 62 on one side. Having overlap,on one tside, instead of two
Sidesﬁ%)f"ﬂffél?cﬁwp' Having overlap on one side, instead of two sides, of the jomt

surfaces 58 and 62 may aliow a reduction in the overlap required to form a

20  hermetic seal. A reduction in the overlap reduces the compressive force
required to forrﬁ the hermetic seal by cold welding because the yield stress is
achieved with a lower force. In an alternate embodiment, the joint structures
may be in the form of a triangular or trapezoidal joint structure cross-section to
further reduce the shear force required to form the hermstic seal. One

25  disadvantage of this joint design is that only one sealing perimeter can be

created, while with a symmetric design (e.g., FIG. 2) there is an opportunity to

create two sealing perimeters. A single joint structure such as the tongue and
groove combination described herein is generally considered to have two
perimeters. Multiple sealing perimeters may advantageously provide a desirable

30  redundancy in a device, providing 2 “fail-safe” hermetic seal, wherein one or
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surfaces 58 and 62 may allow a reduction in the overlap required to form a

20 hermetic seal. A reduction in the overlap reduces the compressive

force required to form the hermetic seal by cold welding becaust tﬁ) ielc
WY 18288 hieved with a lower force. In an alternate embo&)i(?:r!l#&%,z P%e/X4%!]qg
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using cold welding is illustrated in EIG. 5. The firs bs
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substrate 74 are compressed together during cold welding, the pre- ?Jrrpn

84 isTHsTerathinREsbsiuddbmrmdriaqe R prat s B8 Uiheds

form smetalienmetalhendmpaimeendhepsiossn aid thedoinriing swdasake
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methodcuseastFgrrescrsisyachd@Asuch a cross-section.

20 FIC. 6 illustrates a cross-sectional view of another embodiment of a

hermetic seal system 90 having a metal pre-form which may be cold welded
between two joint structures. The hermetic seal system 90 has a first substrate
92 and 2 second substrate 94. The first substrate 92 has first joint structures 96
comprising groove structures formed in the first substrate. The first joint

25 structures 96 have a first metal joining surface 98. The second substrate 94 has
second joint structures 100 comprising groove structures formed into the
substrate and a second metal joining surface 102. Entrapped between the first
joint structures 96 and the second joint structures 100 is & metal pre-form 104.
The pre-form 104 can be formed using methods similar to the methods described

30  above in reference to the perform 84 in FIG. 5. As the first substrate 92 and the

second substrate 94 are compressed together, the pre-form 104 is deformed and
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technique cannot produce a circular cross-section as illustrated in FIG. 5,
but a micro-casting process may enable such a cross-section. 20 FIG. 6
illustrates a cross-sectional view of another embodiment of a hermetic

WO MR 90 having a metal pre-form which may be cold Refdéept05/040049
between two joint structures. The hermetic seal system 90 has a first

subsifaird92ane asesanG sursitatesWhd iloe fir sheubeirate92cna doinds
joint structures 96 comprising gropve structures forr?e?g |

n the first
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secdndseljsiratrodtupansyhp asid st ldngdansthen by ranarrsitse gre-form
defoymed angle2l WO 2006/052763 PCT!US2005/040049 sheared
against the joining surfaces 98 and 102 to form metal-tp-metal bond

between the F5arT6rFAaFastE TIRIALES OIS RE LT3 Edtm "1%?h§Pﬂ$&?ca
1@%&%@&{@@&%{}@1@@3&%@@5@@& positive features (e.g., a "tongue”
or a "tooth'asand %groove maéﬁl%e gf{séed in the c%maress{)?n tcold-welzolei A
process. In T53H & BBRYHERP L TBRYE BIRY S &t Sroone substrate
and gigraryadbini-atiheiaelahsahathrs sihstaledavinga Gromeenmitished
larger than the width of the tongue joint structur :
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minimized. Additionally, a groove may be created 15 adjacent to a tongue

joint Shetieaatel R595¥SVIEE R RATATEHSIBN RHPSGHL P wider groove at the
_opening.

20 FIG. 7 illustrates a top view of various embodiments of joint structure
base geometries which can be used to form hermetic seals using cold welding.
Suitable geometries for the base shape of the joint structure include circle 110,
oval 112, hemispheres connected with straight sidewalls 114, square with
filleted corners 116, and hexagon 118. Other embodiments of joint structure

25  geometries may include any polygon or an arbitrary path that creates a closed
profile. Preferably, sharp corners along the joint struciure perimeter are avoided
because it may be difficult to form a hermetic seal in such a cotner.

FIG. § illustrates top views and cross-sectional views of various
embodiments of joint structure designs that can be fabricated using MEMs

30  processes. These embodiments have only one joint structure set on each

substrate, but other embodiments may include an array of circumscribing teeth

22



surface for the deformed metal to occupy. Alternatively, the groove
structure may have two different widths, a wider opening and a narrower

distal end so that metal sheared by the narrower groove ro]\_(yés{}Bg%% 40049

W\ﬁiaoegrﬁ/é}f’%é\?e at the opening. 20 FIG. 7 illustrates a top view Ot various

embodiments of joint structure base geometries which can be us‘ed to
formpherooeticssedts usingltpld jviitityctSoitalsle ecinames o {lEEw3se

shape of e foint el Bele Siels 0 Al RodemiaBhesatoer

conrsdted with Str ght sidewalls 114, square with filleted comers 116,

and hresegutidEes Ok AsracHtaTeo T hnriarl BtaracHiry demi AR Be
may  |0¢{USlS 0 RN IR AR ALRIAR: BRiRdbatarralasiaciesadugrofile.

Preferably, sharpcorners along the joint structure perimeter are avtoided

becalrfaifonayehemratetiosnts. R HRiRtecBaY FPREh R 8B FIG. 8

illustralgs dop M SRk eiRss-Sectiaainde wsdivesionis ieradetitierits of
joint structure desi?ns that g‘r%n %e fabricated ugL%% Mlt:" S 30i%rocgstses.
Thedw@abtdinsalRd R B GRS mY S ARG S each substrate,
but other emodimentsfry irtdade4snadrid2offGivousissriingdests 120
WO 2006/052763 PCT/ 005/040049. qr gro ' j :
foint S B A HEMA e 08 Farsis Less TSGR Sing
Iepresentaitivofich &evittear izctangithingrdaBEactrspedinebthiilowed by a

Cross SeT BN UERAS A iangH B or NERRRRetiCaaRamElHaSI Ml re

also be "u epending on the mlcro-machi_nin? limits of cross-section

geontietENe figitivtienhdth &mariad Bents, AiBl SesRtrae a Wonsanidn
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required to be hermetically sealed from the other reseryoirs and th d
outsitRisteRFRE eIt FaL A AR RS ERIOSARF IS S ginte odecs
ﬁfucﬁf;ﬁiﬁﬁﬂ&e&%(iﬂ}é%&a&amb@ fabyigateddnthesitioon sidistratdda
122 and 130, respectively, using 10 one two. ste ep reactive |

ctch AT FESBLHED FOSNRE o R e L et
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equivalent of éon nd groove joint, respectively. During cold welding
of suB‘ﬁ%%?%s 11% ogstt%gtrate 130, the corners of the grooves between
Other embodiments of joint structure designs could be created on a metal

20  substrate by using a combination of milling and plunge electron discharge
machining (EDM) steps to create the joint structures and a plating step to
metallize the joint structures if necessary.

Joint structure design 136 incorporates tongue joint structures 140 made
of a low plastic deformation stress metal, such as indium, aluminum, gold, or

25  copper. Joint structure design 136 has a transparent substrate 138. A Pyrexor
similarly transparent substrate, such as sapphire, other glass chemisiries, allows
the contents of a hermetically sealed device to be optically probed and allows
for improved alignment procedures during the cold welding process. The
formation of the joint structures 140 from a different material than the substrate

30 138 obviates the need for creating features in the substrate itself. In addition,
joint structure design 136 creates a more deformable joint structure 140 than
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joint structures' elements 124a and 124b create high localized stress at
the edges 15 of joint structures 132 (the tooth) and the corners of the

groove elements 124a and 124b. The high stress causes plastic
YHRESPAEGHH and shear at the metal interfaces, resulting in iffirhERF 015040049
contact and bonding between the joining surfaces 126 and 134. Other

embpgimenisef iRiskatinstuasRsiansaowiibDe Jere plediodaiometabnress.
substrate by using a combin@tion of miIIing %ng gtl}%ré%e ele Lon drig,é:harge
mac SO SR Er o Ttk STERALS RS SRR PRRRARR ™ &ep to
metallizeftheiiaptbetrietiremdfiosesshancdontdf ueldiegdesign 136
incorporates tongue. joint structures,140 made_.of. a.low ToRR
deformatio Oértlﬁe?%é" ?%4% a{lﬁ,egl C !l%gﬁrll%%?n?saal g Pn%%grfr?%&g%?%%&% %%Ipn F%er.
Jointsatfastirs tebigro ke dds! dajam pirehrsubinibnetd Be jpimpraeigres

Similggy YA ah ¢t e AN ASARRRNIR-ien ok chasnisitiess

allows “the contents of a hermetically sealed device to be optically probed
and atipasiivelyimprdvicretighassisngrbcaiinrs hedrsly 1asel o Wedd g ot
procegichien AR AahheInRERIH cies oL Fom ddiiermnidn ppnia)

than the substrate 30 138 obviates the need for creating features in the

substafacRIEN drrmgdiathsimestratns Bk R dialiag S of 2

1deformRiR inimtisbratere 10 8hang 23 MEO13606 /A2 7 BBe advantage of joint
PCT/US2005/040049_ joint structure design 128 bxtfsin%? m ()lWi\tfgra’oint
low piRLHRIgSRs ARl bh S (i & R RS AR R G S eV

€
greaterdeferdesiian ¢2pahility comidetihbhefarddmp ke seddsarmdlic S8al
formed hy cold. weldjpg. Joint structure desi i .

0
defor HALTE TR AR B 1O R R R Bl
structhees difnitaatiorthe joint structures 132, 140,152, and 160a/160b of

{gint S”“Ctuﬁ&&es} b 2871360248, Ah 1061 A5 SPTEVEMcH Uy brid joint

structure design ows the high local stress from aj oint structure

protrutirmiuieseonptbsstefaschasere grasvatibaeahatinlyas pahthy

surfacg, 148 oiing ol Weldino GO DRIREYIAR & 1S2NRA HiNItRE 2 @ERPIBe
of a 10 suitable metal for use as the joining surface 146 is gc%ldg'!.}jgﬁm
F

advanbhgEt JohngsitkmedEsrirt 4548 IEPHRG HRTRIRESHS
greatﬁirlﬁ%@@ﬂsi'&ﬂﬁﬁgﬁdﬁi{ﬁhshed without micro-machining the substrate 150.

20 In addition, the joint structures 152 can be comprised of nickel its alloys, or
other high Young’s Modulus and yield stress material to increase the joint
structure’s stiffness. The joint structures 152 are subsequently sputter coated
with a seed layer for plating joining surfaces 154, which can be indium or gold,
for example.

25 Alterpatively, the joint structures 152 could be comprised of a different
alloy of the joining surfaces 154 material. In one embodiment, an electroplating
deposition p:roceés used to deposit the joint structures 152 onto the substrate 150
can also be used to deposit a different alloy as the joining surfaces 154 by
changing the plating bath composition during the electroplating process. For

30  example, a hard gold alloy could be plated initially as the joint structures 152,

followed by a softer pure gold as the joining surfaces 154.
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structure design 142 may be considerably harder to cold weld since the

flat joining surface 146 does not efficiently convert the compression force

into a shear deformation. 15 Joint structure design 148 has joj
3 . A : 149

W&rzgg’{?rsezg(ﬁz, which are hybrid joint structures comprised o mosrzémt ﬂg‘r?u

one material, both of which are not the substrate 150 material. Since the

joint structives 452 twe desigoihedlieomitheretinelgras(r rErpFrctures

modiieatian gldplarmalian charasiRHSiem LRIl R aluas a3 aandiat,

ishe

accomp without micro-machining the substrate 150. 20 In addition,

the fombstateitF8s ARrassA BAEBIRHHEEYOIMERENTPHIBERE OBIHEFS

Youpg:s Maedighis e wisldstesaimsieialde increscadbienjtinto shuptorels
stiffness. The joint structures 152 are subsequently spultt r.m§t%CMth a
Beedesfidide é{ﬁh‘@ﬂﬁﬁﬁﬁﬁ’ﬁ%@rﬁ@@%&fx@vﬁ?@}g@/&ﬁ%@ T orgola,

for epgample. 25 Alternatively, the joint structures 152 could be comprised

of a different alloglof the#oining Sé{rfac s. 154 material. In.0

embodim eﬁ?,%‘r? I%WSB a?rﬁas-%ee plglélﬁ VieWs of various g go Imenis ﬁ1f ethe

ion process use eposit
jointistuetit esal SR emtoctepsishst rateo 1S Corbimativndef theaiding sajsouit a
different alloy as the joinj u ; ' Rlati ath
com%%séﬁ?osr?ﬁ &ﬁrlﬁ{gé%rl% %ﬁ%t%p g%ﬁ%%%ﬁa%éysg%%{:%g%i@nple,ward )

1g0ldsifteucodisipe 1B isconitpyion Wik jiow struciursledsn 158 Slvenchy

a0 by dSAr2HWNORRNHIBRT G joint
PCT%%Z%%%%%&%%Q%%@%%%QW 156 alloy?/s for creation oJ -

groovELsHiE Setierutas ifleBneif Ry MITEH t7¢ FIFRERVIATBhETyCtre desien

micrgmachingmieeassed;ipatiadnic ReupIuRiaTh e geabyatian 176
defined by two concentric prot_rudingé'é)int structure elgmer,gt 16t91rae/.]d691b
and ESRIETABRIBLYINR G déadl SHMPAPH R T PdRBL S GRE fiBaT"

13bovesip reference to joint structure design 148 and joint structures 152.
FIG. 9 illustggtes cross-sectional views of various embodiments of the
hermetic sm comprising various combinations of the joint
structure dEEENHillstratesinrBiSsedtibtatrmietic awa syaswified prss-sectional
Com%riig,“ef%' fsithembodi1nent of a hermetic seal system 180 having tongue and groove

joint structure design. The joint structures 182a/182b and 184 are formed in the

20  silicon substrates by deep reactive ion etching (DRIE). The geometric
dimensions of the joint structures 182a/182b, 184 inciude a groove depth 186,
groove width 187, a tongue width 188, and a tongue height 190. Preferably,
these geometric dimensions are in the range of about 1 micron to about 100
microns. The tongue and groove joint structures 184 and 182a/182b,

25  respectively, are fabricated to create an overlap (aiso called an “interference™)
that exceeds the tolerance in the fabrication of the joint structures and the
accuracy tolerance of the assembly equipment to insure that the joint surfaces
overlap at all points along the hermetic sealing perimeter. In preferred
embodiments, the overlap is in the range of about 1 micron to about 20 microns

30  and is smaller than one quarter of the tongue width 188.
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10 structure design 120 in combination with joint structure design 128.
Hermetic seal system 172 comprises joint structure design 120 in
combination with joint structure design 136. Hermetic seal system 174
%ﬁ?ﬂﬂg?g%int structure design 142 in combination with joi CLITArg 40049
design 128. Hermetic seal system 176 comprises joint structure design
142 in combiinatibbdivitbnjewhateinctr godldsgsurisd GnDisee asidfe|G.

10 illustrates a crgss-sectional view.and a magnified ¢ - | i
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example. Greater metal thicknesses can be created by electroglating
procesreiberorekeniprany serhiseitn absifil puna iy sritrepised)

;'eat_i nleRemResmbedimenisaldahiesantinvantion.selesivampyised
eatin
a%nount of heating required, the heater material may need to be electrically

SEPIEREl

insulated from the joining surface and/or the substrate. (2) An intermediate

20 layer may be reguired in embodiments where the differences in the coefficient of
thermal expansion (CTE) between the heater and adjacent materials is large
enaugh to potentially introduce unacceptable stresses at the hermetic seal.
During heating, these stresses may manifest themselves by causing
delamination, fracturing, or cracking at various interfaces if the stresses exceed

25  the bond strength between the heater and adjacent materials or if the stresses
exceed the ultimate tensile strength of any of the materials at the hermetic seal.
(3) An intermediate layer may be required as a diffusion barrier to prevent the
electrical characteristics of the heater from changing with repeated heating
cycles or to slow the diffusion of adhesion layers. Thus, intermediate layers

30  may be required for electrical isolation, for CTE mismatch, fora diffusion
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may be used in thermocompression bonding to form a hermetic seal. The
10 selective pulsed heating may be provided by micro-resistive heaters.
Examples of micro-resistive heaters are described in U.S. B, )
ngg‘g'@%ﬁ% Lin et, al. Heaters may be incorporated into aﬁ?g/]ﬂt%%%/owm
embodiments of hermetic sealing systems described herein. Suitable
heatensiegohibpiagednibioasica of tedlyrsdsnendiersthnpegific materials
inter&gg&jiate layer and heaters without an intermediate layer. 15 Heaters

may require an intermediate layer between the heater and anothe
surface forﬁlﬂymﬁmaﬂmﬂﬁﬂtﬁédﬁé%w}ﬁ@hﬁ?@%eperggé’i’?@?e(f)“‘%ﬂbémﬁﬁﬁr
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required as a ditfusion barrier to prevent the electrical characteristics of
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diffusipp,af AdhesioRAvRIShdhus fuiermeniater iam s@thmayberegtired
for electrical isolation, for CTE mismatchﬁ,llg(fr a diffusiorég% WO ial
2006988 B e A SBUBIGHHOHS HA AR T IOPIR SEERTBIREISH bt thie

three depengiiog onithenepacifietheatengimasc fadresinefiticiey] shgem 230

s R

Only hadntermedizis tdybe odivenrttreshehich amitisejsingiyraletaed3d,

Zflnsb C%Efzfnt% a?]th %\ﬁgyd!: 13 sk Mg R fR8 5385 ﬁﬁPﬁ&%‘] BInIEVRFRBSnaterial
238. In conirast, FIG. 11 illustrates an embodiment in which the heaters 218

20  and intermediate layers 220 form the core of the joint structure. Thus, the joint
structure on second substrate 232 in FIG. 12 can be more rigid than the joint
structure on second substrate 212 in FIG. 11. Consequently, more local
deformation at the joining surfaces may occur in hermetic seal system 230
during thermocompression bonding. It should be understood that this increased

25  rigidness in the joint structures is also dependant upon the specific materials
selected.

FIG. 13 illustrates an embodiment of a hermetic seal system 240 having
heaters 244 in contact with the joining surface material 246. FIG. 14 illustrates
another embodiment of a hermetic seal system 250 having heaters 254 in contact

30 with the joining surface material 256. In FIG. 14, the jeint structure cores on

the second substrate 252 comprise substrate material and may be a stiffer joint
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hermetic seal system 200 having heaters 218. The heaters 218 are

disposed on a second substrate 212. Intermediate layers 220 are

drs osed on top of the heaters 10 218. A joining surface material 222 is
RAIEYHHIH below the intermediate layers 220 by the heatef§ DYE2085/040049

hermetrc seal is formed when the first substrate 210 is joined together

with shasaeanshsubsiaterditiandataiabaeiobtatio042imnoBiGuNnstiohich

with pulse heating fram the heat 8,.form met I-to-metal
betv\fe‘eﬂ(’ﬁ?é’%ﬂﬁ?gs@fﬁﬁr ?af%ag %LP Rl acrelcma errarﬁf%.z i
FIG. rﬂ@yl basisatasprinottigy ﬁmh)dth ﬁt&tﬁmmntrtﬂmmgméakw&eﬁm 280
havrn ters 234. In 12..the second sub
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heaters 218 20 and intermediate layers 220 form the core of the joint
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structure n the Jornt structures on the second substrate 242 |n FIG 13,

246 and 25@4{%&%@%&?@5% BEWJF %fbéﬁ% Eﬁf@&ﬂrﬂi %mjsﬁi%ates can

underneath. In an alternate embodjment, the ornrng surface materralm

be he&tasdheas Bl BpagEn s WONEHE 05 SRSH TGS JHpmeAne the

mechanical force required can be accomplished by various methods. These

20  methods include various joint structure designs, joining surface material
selections, joining surface material processing procedures, and cold welding
process parameters.

For example, the total amount of interference or overlap between the
sealing features is governed by the joint structure design. A greater overlap or

25  interference between mating joint structures requires a larger force to cold weld,
since a larger volume of metal is being deformed during the cold welding
process. Therefore, to minimize the force required, the total amount of metal
deformed should be minimized. This can be accomplished by minimizing the
shear layer or interface of the joining surface and also minimizing the amount of

30 interference between joint structures. Preferably, the overlap would be just
slightly larger than the joint structure tolerances, surface roughness, and
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It should be understood that the embodiments illustrated in FIGS. 11-14
may have a first substrate and second substrate comprising different

materials. In addition, the joint structures of the first substrq;e Woos
W . ) : €N o0s/040049
90%9%??%7?% same material or a different material than the joining >

surfaces of the first substrates 10 and the joining surfaces of the second
substeateslyF4itheiemo R ctie joisingneurfadéisiomttye tirstastibsteal¥ ovnd

the joining surfaces on th C S rat ] .
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joint structure. design. reater averlap or 25 interference between
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volume of retabtbdrembadifomhdtedottpdouss|is wrdnsphiprogdéenty one .
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the shoad layrazoideerare OithEsiRlTy SHFARKSIRIUTES NimHASR
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layer (as shown in FIG. 2) the force require n be, signific
In ad%ﬁffﬁﬁﬁf‘tﬁﬁlepﬁgﬁl%?%?%&éeﬁgﬁ%ﬁ‘é i%%g%;%to?ﬁ]t%sltergﬁ%ere %%gg%lﬁﬁgl

the hermetic seal. For example, a joining structure material can have a low yield

—

20  stress, which consequently makes the material easier to deform and makes it
easier to expose clean bondable surfaces. Suitable joining surface materials with
low vield siresses include, but are not fimited to, indium, aluminum, gold, and
tin. Conversely, impurities will act to increase the yield stress of the basic metal
either by adding strain energy to the crystal structure or interfering with

25 dislocation mobility. Therefore, increasing the material purity can reduce the
yield stress. Exceptions may exist where the addition of & second material may
lower the melting point and thus the overall yield stress is reduced because the
ambient temperature is closer to the melting point.

Another physical property which affects the foroe required for cold

30  welding is the hardness of a joining surface metal’s oxide. Metals having a

higher ratio between the oxide hardness and parent metal hardness require less
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section geometries allow for the optimization of the hermetic seal for
specific 5 applications. For example, a combination of a
rectangular-shaped tongue joint structure joined together with a

A0S AR haped groove joint structure decreases the areZH YRR M40

joining surfaces meet. In this embodiment, only the corners of the
rectafiguaipRtiskHRIWwa dNitRie shes! sThensiiiahaseadefolacalish@amigent
much smaller than in. an embodiment having a rectangular-shaped 10
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WO 260s7eiinrapdsp base obisrrooke abefiiiatich 1 dsminggnirapped
Conversehteaafomelategitesddadersn with the parent

20 Finally, the bonding process can influence the force required to form the

hermetic seal. In addition, minimizing the total amount of deformation will
reduce the amount of strain hardening the joining surface material develops. For .
instance, shorter joint structures may develop less strain hardening since the
total amount of deformation is reduced. In addition, the cold welding process
25  time or strain rate may also have an effect on the strain hardening. The bonding
time also may influence the amount of metal interdiffusion. See Takahashi &
Matsusaka, “Adhesional bonding of fine gold wires to metal substrates,” J.
Adhesion Sci. Technol., 17(3):435-51 (2003).
In sealing with a compression force, it may be desirable to align the
30  support force with the compressive force, in order to avoid a cantilever type

force on one of the substrates that might result in fracture of some substrate
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metal and do not fracture as easily thus maintaining the oxide barrier to
cold weld bonding. Metals having a high oxide to parent metal hardness
ratio include, but are not limited to, indium and aluminum. §j I
W&&ﬂ%ﬁlﬂ%%ﬁ%o not have an oxide under ambient conditions,?]r'?g&(g;g]e(Sjs ﬂﬂ%w
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17(3)4 360k (2893 adawsealing with a compression force, it may be

desirable to align the 30 s &r}grt fgrgﬁ with the compressive force, in
order to avot ' n one of the substrates that might

result in fragiusectisaspeshetiapeesibn seal is formed in the absence of metal-

20 to-metal bonding. In this case, the parts may require a permanent joining force
to remain hermetic. The joining force can be applied through a variety of
clamping mechanisms. In one embodiment, a Nitinol, or other shape memory
alloy, clamp can be fashioned to provide a Joose fit around the substrates until
they are aligned, after which the Nitinol can be heated past its phase transition

25  point causing it to clamp down onto the substrates as shown in FIG. 15. This
phase transition temperature can be controlled (by varying the composition of
the shape memory alloy). Therefore, device assembly can occur at sub-phase
transition temperatures, then the assembly is warmed to the phase transition
temperature and the clamping mechanism is activated.

30 In another embodiment, a metal or plastic clamyp can be elastically

deformed to allow the substrates of a hermetic seal system to be mounted where
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WO 2006/052763 PCT/US2005/040049 materials. In one embodiment,
this may be accomplished by inserting a first substrate, which is to be

protected from the compression forces, within at least two other substrate
W@ dWiPes Svhich are then sealed together, e.g., by cold WeRﬁ%mgﬁsﬂo:'”MOO49
described herein. In a preferred embodiment, at least one of the two 5
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plac%%iﬁ%%ﬂd%@%ﬁﬂ&@%%ﬂ%ﬁ%gﬂ AMORBRvAB SRR BAE wich

includes reservoir ca;gs/_ope.nlngs 512, is bonded to base substrate 502 by
a cortshisienm siconf eldgrERRiess applied at joint structures 510. In

another emRpdimertnibe HiisthemsRISar sysichsratcbasgpaditiaceotaip is
secondary device on it, instead of a sensor, For ex le, the thir,

o B A el AATES B o B B ARe Pdtator,
etc. Thesiadeposnulds behrpaladatinded vplatadnor @ompnessec:Garsiest
Approach |n another asp a ression seal is formed in t

of A BHA or o T Bl s P Bl 275 08
permjpirerstigitireg 286cen therernaid _hémnéﬁc%mmq@iiﬂngif@r%%&ﬁ. p@roove
applied, thiough S arishQf sClATRIRG PR USRS S AtmERt 2
Nltlné?, or other shape memory alloy, clamp can be fashioned to provide a

loosedfipesitedrantn e torsobts fimtiruhvEytard Hidnbenterrlag At cpaining
Nitinglcan badeated pashiishbasedransise by PREhsasmpaido clamp

down onto the substrates as shown in FIG. 15. This phase transition

tempEFSHARPEE PR Ssrmeiit sty P4yt shbpBdtad%of the shape

memory allgy) ;iTessiars, PRYIGSBSSRMEMECAOBE REsubibh e and

e R T

anothgrembedinant dwretalappplg sticoesjvipicandere 28licallythe heater

20 plate 286 presses down, the heaters 288 are pulsed to reflow the solder 278 so |
that the solder reflows onto the metal pads 284 on the first substrate 272, The
heater plate 286 may then be removed once the solder 278 solidifies. FIG. 16C
illustrates the hermetic seal system 278 after removal of the heater plate 286 and
after formation of the solder clamp and hermetic seal.

25 In an aliernate embodiment (not shown), the heaier plate 286 may be
coated with materials that can tolerate the heater temperature used and that act
as a poor surface for the solder 278 to bond to, depending on the solder used. In
such an embodiment, the heater plate 286 may be removed once the solder 278
solidifies without the solder bonding to the heaters 288, In addition, the

30  thickness of reflowed solder 278 onto the metal pads 284 may be adjusted
depending on the desired strength of the solder clamp.
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deformed to allow the substrates of a hermetic seal system to be mounted
where 31 WO 2006/052763 PCT/US2005/040049 the clamp's zero
stress conf%isguration is significantly smaller than the joining substrates.

YOS 2005/040049

Ining substrates are aligned between the cIamp,Patingces on
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In another embodiment (not shown), the compression seal material may
20 be disposed on the second substrate on the edges of the second substrate, outside
the tongue and groove clamp, It should be understood however, that the stresses
on the substrate materials will differ depending on the placement of the
compression seal material.
Depending on the application, compliant polymers may replace any of
25  the metal joint structures and joining surfaces in the embodiments described
above. Although the sealing mechanism for sealing compliant polymers is not
defined as cold welding, the effect of isolating a reservoir or cavity from
adjacent cavities or external contamination with seals is the same. Compliant
polymers can require significantly less pressure to create a seal than the pressure
30  required to create plastic deformation in a cold weld process. Traditionally

compliant polymers have been poor choices to seal in applications where water
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solidifies without the solder bonding to the heaters 288. In addition, the 30
thickness of reflowed solder 278 onto the metal pads 284 may be adjusted
depending on the desired strength of the solder clamp. 32 WO

WRBEIEE 2763 PCTIUS2005/040049 The cold welding sealingfEARHES 40049

the present invention may also be employed to form a clamp for a
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polymers may replace any of 25 the metal joint structures and joining

surfastiesssseatramaimdhtshsiamalrdbe el anrdmyncase Belifige
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20 Applications of the Hermetically Sealed Devices and Methods

The cold welding technique has a number of advantages in terms of both
processing and manufacturability. First, the sealing features are amenable to
standard MEM:s processes and can be incorporated monolithically into the
MEMs device. Second, an array of closely spaced reservoirs can be sealed

25  gimulianeously. In fact, entire wafers of devices can be sealed simultaneously in
a wafer-to-wafer bonding process. Multiple wafers can be sequentially or
simultaneously bonded one on top of the other so that a cold weld is made on
each surface of the internal wafers. In addition, active devices can be integrated
with passive devices by passing feed-throughs under the sealing features.

30  Finally, since the process does not involve heat, temperature sensitive materials

can be packaged in the reservoir volume. Temperature sensitive materials may
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defined as cold welding, the effect of isolating a reservoir or cavity from
adjacent cavities or external contamination with seals is the same.

Compliant polymers can require significantly less pressure
W?e%ﬁoﬂ[gﬁ”'ﬂi pressure 30 required to create plastic deforma%%ﬁﬁfrsﬁg%ﬁﬁmg
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sealed devices 310, as illustrated in FIG. 18 has separated the sensors 320 from

20  each other and from the environment with hermetic seals. However, the
reservoir caps 328 may be later opened to expose the sensors 320 to the
environment. Electrical connections to the active component 320 may be
achieved using vias depending upon the substrate material and fabrication
limitations.

25 FIG. 19 illustrates a perspective view of an embodiment of a multi-
reservoir drug delivery chip having an first active layer 332, a passive layer 334,

. and a second active layer 336 . Layers 332 and 334, which are shown separated

to illustrate the joint structures on layer 332, are (to be) bonded by compression
cold welding. (Layers 334 and 336 need not be bonded by any particular

30 technique.)
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25 simultaneously. In fact, entire wafers of devices can be sealed
simultaneously in a wafer-to-wafer bonding process. Multiple wafers can
be sequentially or simultaneously bonded one on top of the other so that

VOMPARRHEIs made on each surface of the internal wafers. & HYGGH04004¢
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324. Dielectrics between the active layer substrates and any electrical
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linec vih the sensors 220.on e ft acite byer 212, The SEeopd
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n addition, tThe secon tive layer comprises a” metallization layer having

reservotriebrsizd @nhusthEsatar he Prefratissinlesearadiiind syrire 383.
as illygatect i hIGd8.hae ﬁ%?%é%%&?eﬁ%&?%% e from 20spackal

other and from the environment with hermetic seals. However, the
reseryif€aps 328 may be later opened to expose the sensors 320 to the

environmenty GGGl OIRREHQRS JestRe AE!veeorRe N GTast aa ben be
20  used in a process to bond a metal with a polymer. This application of acoustic
or laser energy can be applied to methods which bond a metal layer/coating onto
a polymeric subsirate, or alternatively, bond a polymeric coating/layer onto a
metal substrate. Examples of polymeric materials in these embodiments include
fluoropolymers, such as expanded polytetrafluoroethylene (ePTFE), or a iquid
25  crystalline polymer. In one embodiment, a liquid crystaliine polymeric substrate
{e.g., certain hermetic LC polyesters) is bonded to another liquid crystalline
polymeric substrate, or it is me!tailized and the metallized surface is bonded to
another Hquid crystalline polymeric substrate or another metallized surface.
In further or alternative embodiments, the sealing concepts described in
30  U.S. Patent Application Publication No. 2002/0179921 Al to Cohn can be

adapted for use in the hermetic sealing of implantable drug delivery or analyte
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achieved using vias depending upon the substrate material and fabrication
limitations. 25 FIG. 19 illustrates a perspective view of an embodiment of

a multi- reservoir drug delivery chip having an first active laye % ,
W a%ngﬁ%bﬂ%r 334, and a second active layer 336. Layers 3 (ZI:?IE ﬂ%f :“}049
which are shown separated to illustrate the joint structures on layer 332,
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ultrasound) or laser energy can be 20 used in(%gé%:ess to boa%}a metﬂl

with BB ORiRREaHIRBGIRGHS ¢ 0f Qe GastiEdsrahsdRryyEdl e scalne
appligghipmetieisoudhitihhDoeasne eiald ayirimsasingddeice substrate 402

over the open reservoirs 404, The sealing substrate 410 has groove joint
structures 412a/412b aligned to the tongue joint structures 414. The sealing

20  substrate may be transparent to optical wavelengths from visible to infrared by
selecting an appropriate material. In this way the reservoir contents may be
optically probed. The two substrates are then joined together and cold welding
at the tongue and groove joint structures 414/412a and 412b creates hermetic
seals separating the individual reservoirs 404 from one another and from the

25  enviromment,

In some embodiments, the hermetically sealed device described herein is

a subcomponent of another device. For example, it may be part of an
implantable drug delivery device that further comprises 2 sensor indicative of a
physiological condition of a patient, an electrode for providing electrical

30  stimulation to the body of a patient, a pump, a catheter, or.a combination

thereof. Examples of some of these are described in U.S. Patent Application
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a polymeric substrate, or alternatively, bond a polymeric coating/layer onto
a metal substrate. Examples of polymeric materials in these
embodiments include fluoropolymers, such as expanded
%Wpaﬁﬁaroethylene (ePTFE), or a liquid 25 crystalline poﬁﬁﬁ’éjrs.zl!f?%?f@mg
embodiment, a liquid crystalline polymeric substrate (e.g., certain
hernpeiitid«G Rl YRS Bre)/i5 brvied tardigth 20 tquitiessstiallinendinl fikeric
substrate, or it 554 e%g iz d%nd the m%t%gi%qgerse%f c;e@rtéogded to
ano %ﬁeﬂaﬁ{% rygia Y Fyrﬁreerl%wsol%s]ira & OF another metailiz
surfgciectridal Vi emdl Whire e eectiodi tle B oaaling Coll ing
described in. 30 U.S. Patent Applicati licatios I
to Cohn ca%lbaé1 Oac%f)lfg c?btrhﬁs?ép#lé ?ﬁ%‘gyﬁa&iﬁ‘? sea n%cgg %p?;dr%t%%%db\

drughsetiveny edaried/te @&ni0ehhosEb R b3 redgszods yvsbagmections

sensing applicatians deseibgchBareiR poshinGelen B NRFr 1 UE98 it
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5 variety of devices, including implantable medical devices and other

devices. EX4HBTREIHENGHECH Al GEtHAY iesraecira b Jfichenad e hkfiy
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strucitresddeko hexganli@verage of deposited material and reduce residual
20  stresses in the joint. When the joining surfaces 612 and 614 are aligned and the

substrates 618 and 609 are compressed together, shear at the joining interface
exposes clean metal on both joining surfaces, creating a cold weld bond. The
resulting bond creates a low resistance electrical connection between the first
metal layer 602 and the second metal layer 606.

25 It should be understood that this technique is not limited to an
electroplated ridge of a particular metal or alloy or shape. The ridge cross-
section in the plating direction may be rectangular (as shown), hemispherical,
triangular, trapezoidal — any shape appropriate to create a cold weld joint as
described herein. Any of the conductive materials described herein may be

30  considered for use as joining materials including metals or conductive polymers

with appropriate mechanical and electrical properties to create electrical
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20 substrate may be transparent to optical wavelengths from visible to
infrared by selecting an appropriate material. In this way the reservoir
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surfasid60d brrd 6dh o SunirhssbsboieMalbisis SHEAGH IO ERIEBE the
seal featue 610:0nihe fish B1bRNAIG Seatenaiestrical contact between

the first metal layer 602 and the first joining surface 612. The second.
joining su rfe@@éﬁﬁﬁ? %W&H%ﬁ”i@ B%éiPé%M%f%@%‘éH‘tﬂe
secorhmeiat By enbbfsdibe widthadiie tooth exceeds the width of the
metallized hole by between 1- %m. .The cross section e the . se

50 al .
structure 61§% PR A A ST A S B R A A OB FIGS.

24A-B. Conductive leads 702a, 702b are to be electrically connected to traces
20  704a, 704b, respectively, on substrate 706. Each conductive lead 702a, 702b
has a diameter greater than joining surface widths 708a, 708b and are aligned
and pressed into seal features 710a, 710b. Seal features 710a, 710b may be
formed by etching trenches into substrate 706 and then depositing a metal layer
704a, 704k in them. The trenches are wider at one end, which provides space to
25  appropriately relieve strain in the conductive leads 702a, 762b using epoxy,
silicone, solder, or other polymeric material. The space also allows the leads to
lay parallel to the top surface of substrate 706 even though a smaller area of the
trench is used to create the cold weld to the conductive leads.
The leads are shown having a circular cross section; however, any cross-
30  section suitable to forming a cold weld or compressive seal as described herein

may be used. The cross section of the seal structures 716a, 710b throngh
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may be any shape that can be fabricated using micromachining or MEMs
processes to maximize coverage of deposited material and reduce
residual 20 stresses in the joint. When the joining surfaces 612 and 614

WRSWREEEW I the substrates 618 and 609 are compressel4bGetiey 40049

shear at the joining interface exposes clean metal on both joining
surfagpgprsreaing #108ld wRidHans: orntesulling hony beatestagehat
resistance electrical connection between the first er GOZeSa%d the
secoﬁ@ﬁ%@%@%@ﬁ@ﬁ@gﬁlﬁglﬂ&m BHEEPETS ST that this Technique is
not limifeiehies2Bvetagtidpiaesitidgeetial padicdererstahdrsaiteseoinsthiape.
The ridge cross- section in the plating direction may be rectangular (as
showfi"hemispherical, triangular, trapezoidal - any shape appropriate to
Greate a colth alichitive ersbodisaeiiaclecrital gonyastigns BuidGFoaied using
mategalgdes S@B@%@@H@@é@&&%%ﬂ%ﬁ%ﬁ%&&@e Bers 704a,

materials ek metals or conductive polymers with appropriate

mechi4ie atthrntipetriolsl el seustorareatdibra dhirtignast pgpfure.
2006%@3@%@1&%99%%%&%3&999@ﬁ@é‘rﬁk‘t&i@ﬁﬁﬁtﬁﬁﬂ'@@jﬁm

rather than cold welding. The second joining structure may have a core
that 1T eTRRE NCT e BRI T S eI A A S e LSRR
soirfages Al thases! ingdea s destsibadeheseitpiae heaatitganiel oeld
joints may be use%to createga'lec rical connectjonsleacsfﬂvxc/glllé c)5 I\gugtg%le
electTRSFESANERILHEHS A BE et 8l AP SNt Uiding traditional
MEMS procassesaidéiainitremachimingstd depbsit e peattdsn sewdtas 2

and to.create vias through the substrates, . ectr 1| s
fontuR S R RR R S T Slees PLA RSN vie o
featuressminthéeh dessidotdcdiovonhie etiupitacd erdwdioneninthemetsisly of

th t@&@?ﬁ@ﬁﬂc eal.when. 10 wo ORRASIAG substrates are compressed
réjgether. nanotﬁér eml é)}i

deposition o, fhe-firshigiRtsisigiee 612. Furthermore, material deposition
may occur on both sides 616 and 618, of the first substrate 604.érhislj£s
one method oBRSHRY M dRe FoR I EAEPH A B USRRAT IR S R BRI Re AR

hqle GQY. a substrate, that includes one or more reservoirs for containing reservoir

20  contents sealed in a fluid tight or hermetic manmer. As used herein, the term
“hermetic” refers to a seal/containment effective to keep out helium, water
vapor,' and other gases. As used herein, the term “fluid tight” refers to a
seal/containment which is not gas hermetic, but which are effe_ctive to keep out
dissolved materials (e.g., glucose) in a liquid phase. The subsirate can be the

25  structural body (e.g., part of a device) in which the reservoirs are formed, e. g., it
contains the etched, machined, or molded reservoirs.

In preferred embodiments, the reservoirs are discrete, non-deformable,
and disposed in an array across one or more surfaces (or areas thereof) of the
device body. As used herein, the term “reservoir” means a well, a cavity, ora

30  hole suitable for storing, containing, and releasing/exposing a precise quantity of

a material, such as a drug formulation, or a secondary device, or subcomponent.
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FIGS. 25 and 26 further illustrate possible embodiments for electrical vias
made by compression cold welding. One embodiment of an electrical wire
connection 700 is shown in FIGS. 24A-B. Conductive Iead%zgﬁg

‘ Q
&g’ ?)%@f’ectrically connected to traces 20 704a, 704b, respec |\?eg?3‘7,%%%049

substrate 706. Each conductive lead 702a, 702b has a diameter greater
thanjpéingrssifiecrdidtas cfRGRrFEOin Berthbaee alig mesdr e phe g into
seal features 710a, 710b..Seal feat 108 £19b- Ay RE Jarmed:Byete
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using epoxy, silicone, solder, or other polymeric material. The space, also
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conductive leads. The leads are shown having a circular cro sec%ion;
owSH kIS FEaNRS S B S GO Vel eon
compgssiiespahak desuibedherkin playshs, iskdofibbeatiosspsertiors,afr
the seal structures 710a, 710b through 39 WO 2006/052763
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shear 10 may sufficiently deform the insulation layer to .e&gose the
8 %}8 art can be used

condti R ARHBIG ANCEHOR USRS TGP Ebn PELE0S
electricalteRanagicnbin aliesrateenihonimenisyndmaeialscdiuetive other -

e e oot T SH R S BISH AW iR RNl R g ©f
example, U.S. Patent No. 6,123,861 and U.S. Patent No. 6,808,522, Various

20  polymer forming techniques known in the art also may be used, ¢.g., injection
molding, thermocompression molding, extrusion, and the like,

In various embodiments, the body portion of the containment device
comprises silicon, a metal, a ceramic, a polymer, or a combination thereof,
Examples of suitable substrate materials include metals (e.g., titanium, stainless

25  steel), ceramics {e.g., alumina, silicon nitride), semiconductors (e.g., silicon),
glasses (e.g., Pyrex' ™, BPSG), and degradable and non-degradable polymers.
‘Where only fluid tightness is required, the substrate may be formed of a
polymeric material, rather than a metal or ceramic which would typically be
required for gas hermeticity.

30 In one embodiment, each reservoir is formed of {i.e., defined in)

hermetic materials (e.g., metals, silicon, glasses, ceramics) and is hermetically
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wire connections described above. In a preferred embodiment, the
materials of 15 construction are biocompatible and biostable. Further

Details of the Multi-cap Reservoir Devices Substrate and Reservoirs In
Wih & eHiBIment, the containment device comprises a bodyFSdriGR13/R#0049
a substrate, that includes one or more reservoirs for containing reservoir

20 conientsyseaied i Ayichigiy, hesraaiememaaiAssusesb el tiel
term "hermetic" refers to a seal/confainment effective to.keep oyt eIiurQ,
wat S BRSO TARBEAFEh ARBLIEA QR S PREHSR i APt f RRRE HSTrs
10 a iealGeRIBIRMeHdbiChisonaigakdaistietinatoritiuhitie avbstHectve to
keep out dissolve

materials, (e.q., glucose) in a Jiquid ph )
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non-deformable, an ISPOSEA In an array across one or more surfaces

(or aheasctiveretériol. ther cxitdchaaglymetiesutisBrenrona kv Hugansit
meaps. a welte f Cauiiv- AL 3 30:DPI8 SWIRBIS IS0 G R A YRINIBEo 2B

releasing/éxposing a precise quantity of a material, such as a dru

formutdiomcapaigiss ﬁaa@e&wrc%?r&?@%ébm'ﬂaﬁmaﬁ‘?}w@mg such as
1%00%Q%@&ﬁ?xé%%w&?ﬂ951%9%%@&@%@%@%@9%@%0us

material are not reservoirs. In a one, embodiment, the dev&c&jn lu eﬁtﬂ@e

plur POt G SRTITE: (BT ST A A BB LB A AP 2%t 1o st Ohe
surfagg, ofithedatyoaartion.the ansthes Brhbadine athenepsrmsiblyléat least
reseryoir per each. reservoir substrate portion; 5,optional r e of
thos S BUTR EAR e e ENer h A Yo e,
fabricater wacstidiip zdseodyfhodt Gnassirageariylosditelbiéréipacatiotier

technigue known in the art. Representative fabrication techniques include

Qs ). . . . .
EMS§ Fa rication processes, microfabrication processes, or other

micromachifilregspretetsses, brafioneddriirg ¥eER Mgies e shesdrsurfrocs. Tt
mechapical. andrasepic drlling) ARt Puildaup, amRmisAtieRinekpidees,
such as LTCC (low temperature co-fired ceramics). The surface of Lhe
resersigiped to conform to an attachment surface. In various embodiments, the
substrate or the containment device is in the form of a planar chip, a circular or
20  ovoid disk, an elongated tube, a sphere, or a wire. The substrate can be flexible -
or rigid. In various embodiments, the reservoirs are discrete, non-deformable,
and disposed in an array across one or more surfaces (or areas thereof) of an
implantable medical device.
The subsirate may consist of only one material, or may be a composite or
25  multi-laminate material, that is, composed of several layers of the same or
different substrate materials that are bonded together. Substrate portions can be,
for example, silicon or another micromachined substrate or combination of
micromachined substrates such as silicon and glass, e.g., as described i U.S.
Patent Application Publication 2005/0149000 or U.S. Patent 6,527,762, In
30  another embodiment, the substrate comprises multiple silicon wafers bonded

together. In yet another embodiment, the substrate comprises a low-temperature

42



optionally can be treated or coated to alter one or more properties of the

surface Examples of such properties include hydrophilicity/

drc}phoblcny, wetting properties (surface energies, contact an )

W 3‘5“ drHde roughness, electrical 15 charge, release charactef! %8% i
the like. MEMS methods, micromolding, micromachining, and
micifatEgatinmiemgapsiathwdrutiie articanabeniseditofabntatbtiset,
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use orm reservoirs. See
examblgrdtk & @ﬁi@dtd‘ﬂmhﬁphZB 861 and U.S. Patent No. 6,808,522.
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otherwise contained in a 5 hermetic biocompatible material (e Pglert

cerafiastittaRHe AR S TREES RRIFE S S8°MEH T ArRE A Fa Ry

be complgielncoatediniitha laverrebal henmetiesiaitridbok oF exarmpbés for
polymeric substrate could have geﬁéll%metal coatl lf the substrate

mateV PR HEOE BEO B AL PR anpe'tos H%ﬁasé%% rposcﬁéelteé', or
otherwise cm@rﬁ&reﬂ&ﬂh&hm@aﬁbi@mqmﬂmmmmr application using a

20  planar sensor, the substrate preferably is relatively thin, as noted above.

The substrate can have one, two, three or more reservoirs. In various
ernbodiments, tens, hundreds, or thousands of reservoirs are arrayed across the
substrate. For instance, one embodiment of an implantable drug delivery device
includes between 250 and 750 reservoirs, where each reservoir contains a single

25  dose of a drug for release. In one sensing embodiment, the mumber of reservoirs
in the device is determined by the operation life of the individual sensors. For
example, a one-year implantable glucose-monitoring device having individual
sensors that remain functional for 30 days after exposure to the body would
contain at least 12 reservoirs (assuming one sensor per reservoir). In another

30  sensor embodiment, the distance between the sensor surface and the reservoir

opening means is minimized, preferably approaching a few microns. In this
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10 polyethylene glycol), polytetrafluoroethylene-like materials,
diamond-like carbon, silicon carbide, inert ceramics, alumina, titanium,

and the like, before use. In one embodiment, the substrate is hermetic,
RAMS A& meable (at least during the time of use of the ré&eH)Gip005/040049
device) to the molecules to be delivered and to surrounding gases or

fluids (& onWalEkdieath Rlesiabies:Brathedctrsolel @Q&heEbﬁfmbs&aw

can be formed into a range of shapes or shaped ﬁurfacea?ﬁ It .can, for
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multiple silicon wafers bonded to another embodim the
bR IHBEEY B R OLEHD ! £ SO Rment he
PlCT/H%@MﬁQ%feméﬂd ed ﬁErﬁmlﬁoﬂ-ﬁlﬁﬁh@ﬁDmﬂﬂmr@m@dsmehtake
alumina. In one embodiment, the b

microPIEPARARER, ¥hbsHEcE ARkt %ﬁvﬁéﬂi% T%?ﬁ%% “réo‘i%‘%ﬁ‘s’fm of
pne embedirpestraiiberdribaebritatasitrberhondatt cnaythe @ea
formed of one or.more articularl ful
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mategatrdtatiig corftanetiivetweerncteersgaled substrates, e.g., in a cavity -

or reservoir.In one embodiment, the reservoir is formed in a 200-micron thick
substrate and has dimensions of 1.5 mm by 0.83 mm, for a volume of about 250

20 nL, not counting the volume that would be taken up by the support structures,
which may be about 20 to about 50 microns thick.

In another embodiment, the reservoirs are macroreservoirs. The
“macroreservoir” is a reservoir suitable for storing and releasing/exposing a
quantity of material larger than a microquantity. In one embodiment, the

25  macroreservoir has a volume greater than 500 pL (e.g., greater than 600 uL,
greater than 750 pL, greater than 900 pL, greater than 1 mL, etc.) and less than
5mL (e.g., less than 4 mL, less than 3 ml,, less than 2 mL, less than 1 mL, etc.).

Unless explicitly indicated to be limited to either micro- or macro-scale
volumes/quantities, the term “reservoir” is intended to encompass both.

30 In one embodiment, the device comprises a microchip chemical delivery

device. In another embodiment, the device includes polymeric chips or devices
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That is, where the substrate can serve as an fluid-tight window.
- Representative examples of glasses include aluminosilicate glass,
Wk()}ozr(%sﬁlll(llgi?’}% glass, crysta[ 10 glasses, etc. thal substrat(-?- thﬁ%ﬂ?ﬁEﬁ)Mao 49
resServoir volume can be increased by bonding or attaching waters or
layers of substrate materials together. The device thickness may affect
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to be suitable for implantation into a patient, preferably using minimally

hvaSherpreewime s 23 ERR¥AMbodiment for an implantable sensor
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reservoir). In another 30 sensor embodiment, the dist ween the

| . ce pe
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BPPreRehind At INiGReSolaiHY SardB WM AOGIORY #EBniques. Reservoir cap
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that is,400,m.y, 800 gamdnons, smbpdiment, the resenvoirs are
microreservoirs. The 5 "microreservoir” is a reservoir suitable for storing

and releasinyfespusingiay have several reservoir cap supports in various

20  configurations over its reservoir contents. For example, one reservoir cap

support may span from one side of the reservoir to the opposite side; another
reservoir cap support may cross the first reservoir cap support and span the two
other sides of the reservoir, In such an example, four reservoir caps could be
supported over the reservoir.

25 Tn one embodiment for a sensor application (e.g., a glucose sensor), the
reservoir (of a device, which can include only one or which may include two or
mote reservoirs) has three or more reservoir openings and corresponding
reservolr caps.

The dimensions and geometry of the support structure can be varied

30 depending upon the particular requirements of a specific application. For

instance, the thickness, width, and cross-sectional shape (e.g., square,
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microquantity of material, such as a drug formulation. In one embodiment,
the microreservoir has a volume equal to or less than 500 L (e.g., less
than 250 L, less than 100 1L, less than 50 L, less than 25 L, less than 10

WO SHRO5HE? greater than about 1 nL (e.g., greater than 5 nLPGFEGTETHAEA
10 nL, greater than 10 about 25 nL, greater than about 50 nL, greater than
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embodiment, the device com rir%es an osmotic pump, for example, the
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In several embodiments, hermeticity, which is typically defined as a
20  meaximum allowable transport rate of a particular molecule (sﬁch as helium or
water) for a particular application, of the sealed reservoirs is required. That is,
whether a reservoir is considered hermetic can vary among different applications
of the device depending upon the particular demands of the application.

Chemical Molecules

25 The reservoir contents can include essentially any natural or synthetic,
organic or inorganic molecules or mixtures thereof. The molecules may be in
essentially any form, such as a pure solid or liguid, a gel or hydrogel, a solution,
an emulsion, a shurry, a tyophilized powder, or a suspension. The molecules of
interest may be mixed with other materials to control or enhance the rate and/or

30 time of release from an opened reservoir.
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in commercial devices such as a VIADUR implant (Bayer Healthcare 5
Pharmaceuticals and Alza Corporation). Reservoir Cap Supports
Reseryoir cap supports can comprise substrate material, st
WQ 2006/052763 : : S : 5

material, of coating material, or combinations thereof. Rese?{{/%ﬁw%{gw%
supports comprising substrate material maybe formed in the same step
as the resbrugirsfatfed habdéiMS rtbeosy p oM cetiBAIf R ASh%olding,
and.micromachinin I ti

Lmicromachining, techiques MeniongshalyeRwdbadsadios. As
fabricate the suglsjtrate eservoirs, as well'as reservoir c?tgysupports, from

a vawehhoisulibt srenidresaiac ies e dheear W ORI RIBMpT G (o8-
strugiujal g nﬁ Briabrayalsehesermedby). denasiiamiacheiguas @ugishe

1
substrate and then MEMS methods, 15 microfabrication, micromoldi
SancARSeR TacH AT RSB ARIEATR TP 36D CLRpIBFBF Lo e
Coazﬁ&mﬁﬁ%@k@@wﬁg o e ddising daoyanoadiical hrossfisbEmarigtape
masking, shadow masking, selectjve laser.;yemayal technigue
selg&%rﬁ@fﬁ%ﬁg?ﬁ R VA né veer(éf‘?égg?\(;]gri}roc%pgg%%gé%%?h
varigus 26:iealiguiationaayier itpresénmipcontenforfof enlhmptéicisnerl
_ reservoir cap support n from qne side S ' e
oop B R S R et e
1cap suppdirhandispdnithe apoicther siiesids tixamiey Bieludestlyprarpteins,

exa@rpzleO%%ﬁ%.Eﬁfﬁé’@g@ﬁ‘péﬁ%%fﬁpﬁﬁQM%@i@ﬁﬁ%gﬁﬁﬁﬁﬁgﬁw@@el@.,

one ent ent for a sensor application (e.qg., a glucose sensar), the
resembiVBFE atsihodiortithos aaciosis e o ip B RESE W RES o GaeP -

two of E“‘%f?fé?o%%gy?ﬂlééhaﬁ&nﬁ*{gg,%@fﬁ.ﬁ%a%xeiaﬁgaeémmomated
corresponding reservoir caps. The dimensions and geometry of the

suppbetateuttare-ganvisaliva stenatided BESh @i tpa thcapaingsdiarbe

 kequirements of a,saeqilic ARplicrtien sFicBaigRes dhsphigkaessmwidh,
and cross-sectional shape (egﬁ., square, 45 WO 2006/1352763

PCTRYS2008/Erondsiort dtgarsr (RERRTT DR ESHRBoroerichires
may R tallpiRAF AL A RAEIHIRE more reservoirs or they can each be stored in and

released from different reservoirs.

0349

For in vitro applications, the chemical molecules can be any of 2 wide

20  range of molecules where the controlled release of a small (milligram to
nanogram) amount of one or more molecules is required, for example, in the
fields of analytic chemistry or medical diagnostics. Molecules can be effective
as pHl buffering agents, diagnostic reagents, and reagents in complex reactions
such as the polymerase chain reaction or other nucleic acid amplification

25  procedures. In other embodiments, the molecules to be released are fragrances
or scents, dyes or other coloring agents, sweeteners or other concenirated
flavoring agents, or a variety of other compounds. In yet other embodiments,
the reservoirs contain immobilized molecules. Examples include any chemical
species which can be involved in a reaction, including reagents, catalysts {e.g.,

30  enzymes, metals, and zeolites), proteins (e.g., antibodies), nucleic acids,
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drug release kinetics for a certain drug formulation or implantation site,
etc. Reservoir Contents The reservoir contents are essentially any object
or material that needs to 5 be isolated (e.g., protected from) the

VERHUARTERt outside of the reservoir until a selected point it frHE SRR 0049

its release or exposure is desired. In various embodiments, the reservoir

contepitysanipfises(@«isamidyp ofehamicalclinslectirs, ca secgndaniolecules
device,or,a combination thereof. Proper functioning of certain reservoir

ch ca% ction %s a aﬁrwf c gle . ;
contents, such'as a catalys sensor, generally does not require

release frorfi‘ti&%er\mﬁlqrrmtbiemmifozimweg&uhcﬂm,e@.@l Jeatelyisis or
Sensl{}&t&ﬁgﬁécﬂ%ﬁ& P Pﬁé‘%%?élégge r?ﬁ%ﬂﬁﬁ?x@lﬁ%ﬁl@aﬁ@e a “release

environment outsl e_o the reservoir after opening o the rESE!’VOII’ pap. )
Thus stisteatapdgsmiedindd. Or Reasin corfioren thadebrdpsion siseiption,

can r%mw%ﬂéﬁﬁé’ﬂmmﬁcgﬁﬁfb@ﬁﬂﬁ%ﬁw é&?@éﬁ%%%ﬁ’e release
contents such as drug molecules often maﬁ need to be released from the

reservii M Grodiersici seofrsHah R s He Rrftedraatiaippritin

to exereg@iharapeipifz&iieston fdpatient no@uriehHe Adrugrmolectlase
may be, retained within the reserv&{iés for certain in vitro ag lic ti(ims. In

severSi GhEH S TR R AR RIS lntg laygrs
hiiaximraviddiomiziple trdnspefitraga déapart colntereldon lasudt asnhdligm
or walen {01, 8, pavticuiat application, of the sealsd resenupirs s requited:
That is, wﬁe& 674 FesenvoIr Is considered hermetic can vary among
differdateap plididonsn Bithisadiov déod2e@Erdiigaip okl theépdricuemporated
demaﬂgéigfb%@&%ggtion. Chemical Molecules 25 The reservoir
contents caninclude essentially any natural or synthetic, organic or
inorganic moleculeeepngixiifiedigesreof. The molecules may be in

essentially agy {QimesHaNaS-8sRUIR SRHA RN LGHICLROR1Q MKdemgel, a

solution, an emulsion, a slurry, a lyophilized powder, or a suspension.

The mefEREAZE Seiee risivies, Wy Asse St ormansmi imertha sandror
enhaneextbeiraiecandior. BOHY endhdeinase floRtamapeaesideses\esdtbr

WO de%gljr?gs ggn?goge%;r Ue?e% .O /SO ﬁsoe(gﬁ%rein, a “sensing component” inciudes a
component utilized in measuring or analyzing the presence, absence, or change

20 in achemical or ionic species, energy, or one or more physical propeﬁies {e.g.,
pH, pressure) at a site. Types of sensors include biosensors, chemical sensors,
physical sensors, or optical sensors. Secondary devices are further described in
U.S. Patent No. 6,551,838, In one embodiment, the sensor is a pressure sensor.
See, e.g., U.S. Patent No. 6,221,024, and No. 6,237,398, and U.S. Patent

25  Application Publication No. 2004/0073137. Exampies 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 still another embodiment, the
sensor includes a cantilever-type sensor, such as those used for chemical

30  detection. For example, see U.S. Patent Application Publication No.
2005/0005676, which is incorporated herein by reference.
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In a preferred embodiment, the reservoir contents comprise a drug
formulation The drug formulation is a composition that comprises a drug.
s used hereln the term "drug" includes any therapeutic or. [
ng%}rq?/{'ezé an active pharmaceutical ingredient or API). Inp%q%yl&%&wg
embodiment, the drug is 5 provided in a solid form, particularly for
purposes oA ghata&rﬂa @ﬁbnﬁiiiﬁél@tlngdetﬁeﬂmﬂiﬁt&cbﬁtfme nplgroetersin 2
commerci medicall useflj [H durin [ o g
deI| <Fiy A d‘ré%leﬁe% St e a rﬁﬁ%%%g% % @ﬁ& ‘fi%dch)ruge ¢
matﬂaama;aetmneopmadm of kmﬁh;esltdqm@i sotidiipeirticibs pitianiother
i e e LA CoNAI 06 LSRRG PHAARE SRS, oS,
|

e drug Is a protein or a peptide. Examples include
§lycoprobeimsne pryrm in(thy blpediedisue.dnteyptitia) tvitnyEFEYHPERRE O
anal %%Eﬁ}ﬂdfﬁ?d(gf%e ix4EGF antibodies, tumor necrosis factor
|nh|b|tors) cytokines (e.g., ﬁ;‘ﬁi (1-E or 7-interferon), interleukins (e.g., IL-2,

IL-10), and T@ﬁ%?@%@é@w rerarbendelrupriaies melydeinioni Sesiie.
PYY iR 9 Heraraposie EhBolEéiﬁﬁﬁﬁY@kﬁ&rﬂibﬁﬁ]Q}ﬂevmﬁammm@

a single drug_or a combination of two or Iatlons ifferent
form@eitsns @ﬁr%@cﬂ%vdcﬁ)ﬁl@%é? aha t%ﬂéﬁ%%&% e Ane %eso%ﬁd
10T EQRGRaI %@é\mﬁweamsmah amsiaradiirands elgasetoniciifferent

reservows F n V|tr the ch ical olec I%g gf
a widg %ePa u s W %ire? gontrclﬁf’e relelétlgg1 g%él smg%
(mllllgfeemxre smmoqgmmgqummuﬁltequwaswpore ressiestote Stigmethgired, for

exame?nl%ebsc{:: ;QSB fie ga%%&n@%&bf@%gg%ws&%ﬁg%@@9@9%@ and the

Mole tive as pH ring agents, diagnostic reagents,
and w@m@mm@p%@aem@@@%@lw@ww gkerp ks ﬂpgé“éélﬁon

o Othl‘?tre%%?éﬁ acid amplification 25 procedures. In other embodiments,
the molecules to be released are fragrances _or scents, dyes or, other

coloring ageEsraputas sriss EstHRervomEant ARy Zma A BRI R a
Va“e%\é&%e&??ﬁ@%é@m@eﬁ et &@ﬁﬁxﬁ&‘@@@tﬁﬂﬁﬂi&xcﬂfﬂ%ﬂﬁ@ﬁ%ﬁi@ochp
contain immobilized molecules. Exam lnclude che ‘?JP
whicHiEEfeE MOBIRIETcE: rfg&Wi’ﬁ%l‘@%ﬁas’rgg %%@F 582 g., 30
enzymesometadses g zealites)npobtdiissdasor, iafmhmdmsmzr}tmevmdammt to

5107 the controller to determine the time and type of activation automatically, with

human intervention, or a combination thereof. For example, the operation of the
device can be controlled by an on-board (i.e., within the package)
microprocessor or state machine. The output signal from the device, after
conditioning by suitable circuitry if needed, will be acquired by the

25  microprocessor. After analysis and processing, the output signal can be stored
in a writeable computer memory chip, and/or can be sent (e.g., wirelessly) to a
remote location away from the microchip. Power can be supplied to the
microchip system locally by a battery or remotely by wireless transmisston.
See, e.g., UU.S. Patent Application Publication No. 2002/0072784.

30 In one embodiment, a device is provided having reservoir contents that

include drug molecules for release and a sensor/sensing component. For
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WO 2006/052763 PCT/US2005/040049 polysaccharides, cells, and
polymers, as well as organic or inorganic molecules which can function
as a diagnostic agent. The drug or other molecules for release can be

WRSHEPLSEH M a matrix material, to control the rate of release PFREHE K004

material can be a "release 5 system," as described in U.S. Patent No.
5792;&%1‘%51&[1&;51@%]{@3?&@@@@@&' iRRerEdifisiompoperiaswbivbiaan be
can provide a method for controlling the release rate of the chemical .
oleEAELEA e LB HFRFY b G5 5 G N AL FRSER i he
compidsRs, layeramafgiug mhsbpatdsdy matetiall Afteodiiy tetireg relesse
mechanism has osed the reservoir contents, the multiple |

ot R TR DR PR A e e R B e
son-aiiglesSeiclklacsiratefgreanbizugseditonetitainaodriiplEka.eldzstgnsor or
profiles, See also U.S. icAli icati .
it popsnent eI AR UL OO e 0
usedimplentztioesd Sxheiteintiliate dismbioibe mEORAFFSSSE EToitts 2y
devicg, IRgde s RAYdeVIC S e SUNBRRER S RRIPQSIRg bR olRGIESHIN

a reservoir. In‘one embodiment, the secondary device is a sensor, or

sensitilies fpdneantal Bsrekasgsdd fadiln sretissirghodishdhg device
i@§|UQw@e§@hm%%i&@%&smﬁsum%ae@h&iﬁgeﬂa&@h@samgeeded
absence, or change 20 jn a ¢chemical or jonic species, energy,.or. ope or
morefﬁh%tg}%mﬁéﬁﬂ?@élf’qugmﬁﬁ{nﬁ B‘f@}%ﬁ%ﬁeﬁlﬁ%géﬂﬁlgéﬁggﬁg Y
includg djpsensols oabeniadbspnsinplapykicabdienabdrsice hmhtital reservoirs
sensors. Secondary devices are further described in U.S.R .
it A e S e M T
e.g., UaSsritstehibient A2H60d( mashh dn@@BTe3es winel ?@f_:maﬁéﬁf@S
f?pllggélﬁ&g %gc%i%%ﬁe%gg’%@ﬁ Jtﬁl?d %@%@L@éb?é ﬁ%ﬁ%%mai) or
components include components utilized in measuring or analyzing the
presentwanalseredho sighdhgingrecd ioghe renitebp shqdoring it drug.

energy (or lightys0f RO ANMRAEEHPRYSIEAPFARBHIRS (BrlinPlibvRigSHHTE)
at a site. In still another embodiment, the sensor includes a

cantilEvesdherRericl orisaiH e sl riatvesiinl gealiprelsigmal

example, $8ecbhwriaienhanplical optbeblidatieng o an electrical signal), as

20  well as electrodes that measure elecirical signals directly or indirectly. Ior
example, the biosensor may measure intrinsic electrical signals (ERG, EEG, or
other neural signals), pressure, temperature, pH, or mechanical loads on tissue
structures at various iz vivo locations. The electrical signal from the biosensor
can then be measnred, for example by a microprocessor/controller, which then

25  can transmit the information to a remote coniroller, another local controller, or
both. h For example, the system can be used to relay or record information on the
patient’s vital signs or the implant environment, such as drug concentration.

In a preferred embodiment, the device contains one or more sensors for

use in glucose monitoring and insulin control. Information from the sensor

36 could be used to actively control insulin release from the same device or from a

separate insulin delivery device (e.g., a conventional insulin pump, either an
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2005/0005676, which is incorporated herein by reference. 48 WO
2006/052763 PCT/US2005/040049 In a preferred embodiment, a device

Wis %rovicqjedsfor implantation in a patient (e.g., a human or oth m z@n@ggyow
% ({ﬂg‘ r"ggervoir contents comprise at least one sensor inc})ica{lve of a

physiological condition in the patient. For example, the sensor could
montaedndicansenisationofglinplsetadreasicalsivirhBumtisdbyrroné
present in the blood, plasma, interstiial fluid, yifre WRR Qi Qe o3
bodﬁflsﬁafalrog?ﬁlec%a 2|{-§),(r;%te Pﬁegﬁ%e%e%t?édgmwe%ﬁ twiﬁg@r%ed salkl)st?ates !

inclutkeiat ket pre samtyf Shiviote ARsPHcanétApblR S BBEIAS MYk
po”'&”&g%éié‘és ﬁ:l@ésér%%&{tg? 1§18 igEEREMEMS desisediay-hpon a

third substrate” The space in the sealed 10 cavity may be evacuated or
Pay dsoivaiwhishrsmyteshe RpdishicmAstely admirsyennagin i heRctves
MEMS deyice;mayiOfie ShowMmisBecil stk aaa RLepeumeansasy

an accelerometer, a gyroscope, a resonator. In another embodiment, at
leasP8iE BPEECHYNEE & BT At rmed of a glass, and the cavity

contains argepéicalisensor or chemical compound that can be optically 15
interrogated. Several optigns exist for receivin d analyzing data, .
obtained wift} %ggﬁﬁﬂ%%&%@s TSRS it ?ﬁ%%res g?i?n]é%r/n ea\%%g?%rﬁc ’
16an be sthpictachipe sitibk Goraapdting dviomrThesprimeasediou desmiizy
e ConaNea DY (e DIGIRNERRROI AL HGIS ORI FUORERB0LA or
information may prowae input 1620 the contro er to determine the time
and disintefmttiyatioretastodtitie st ppaithcesnaieined amesn itsentents. In

com b RRleR ISR frOh AT BRSO 108 B the
controtled by

)y an on-board (i.e., within the package) microprocessor or
staterpseite. cPRaiBERp It SIgHIEE Fobrtia SCHE T SEHER SAMY B S

syitaple cireuiy Hasadednyil beracaisad by hiraadiaopueessattively
After analysis and processing, the outpyt signal can be Pél,[(\)red i

write SO RURA SGHAT SRS SRYERRY, BRAVSHEEH BY SaiETa %\ﬁ?&l%esasly) to a

remogesipeatiaadaypyfremibedicrapbip-Rowenmaiedatisuipliédgodietric

3,1 ;%Sﬁ]ﬁ%ﬁ}gé?ﬁlorgggeag ge?cﬁ téﬁ%g%riﬁep . tgrl%yb \évriz{qeall?%ﬁemical,
electrochemical, or mechanical means). Examples of suitable reservoir cap

20  materials include gold, titanium, platinum, tin, silver, copper, zinc, alioys, and
eutectic materials such as gold-silicon and gold-iin eutectics. Any combination
of passive or active barrier layers can be present in a single device.

In one embodhﬁent, the reservoir caps are electrically conductive and

non-porous. In a preferred embodiment, the reservoir caps are in the form of a

25  thin metal film. In another embodiment, the reservoir caps are made of multiple
metal layers, such as a multi-layer/laminate structure of
platinum/titanium/platinum. For example, the top and bottom layers could be
selected for adhesion layers on (typically only over a portion of) the reservoir
caps to ensure that the caps adhere to/bonds with both the substrate area around

30  the reservoir openings, reservoir cap supports, and a dielectric overlayer. In one

case, the structure is titanium/platinum/titanium/platinum/titanium, where the
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See, e.g., U.S. Patent Application Publication No. 2002/0072784. 30 In

one embodiment, a device is provided having reservoir contents that

include drug molecules for release and a sensor/sensing component. For
W AEI5866/052763 PCT/US2005/040049 example, the selffsbiiafivs/040049

sensing component can be located in a reservoir or can be attached to

the dgyiGaSHRRARYIRAFCHEOhARRIONEIRLLY SaiThekdatenViyetherovide

device, e.g., through a microprpcessot, to c&%trol or mod;éyﬁ;the.dr Th

releaSETY SRR RRTGHIY GG BRI P S TP G R pyer. Lhe
releaggcieftectivesatadyat wisdis, selestinplef shog d0(nugfoothbiveatiah,
and the like. The sensor,ar sensing.component detects, (or ngt
e e A S0 5 ST BTt it e about
rélay Eosigihal tentHernhie rdbrezessanse difors.controlling release from the
device. Suc% ' , i

release of a o‘ P L 3961%?15 %@k&%ﬁ%‘ﬁl

more bioseﬁ@msqmm%@&@*W?@W%ﬁ@ﬂﬂﬁ#ﬁ@é@@@sfﬁ%se)
that ag, eapahieRbLiesHRg, and/asmrastingsigPaleidibinihe bedy of

a patient. In one variation, an implantable medical device includes |
reserveirsY b AIBR ShigPel et Hset fellanssHing e TresEipire Atdascribed
oM heseN$aE briaNsBite doRy iRy MY MRRKehIeeaARsHERGIICIAG
hardwire or telemetry) to a 15 separate drug delivery device, which cquld
e o SBIRBIES (ot BRI o0 TR S B e BB G RS
the canérphefdheidasiol 4t theetpogurd s tsed eeveincdhietiarin ifiesehsor"
includes senging devices that transduce the ¢ ical potential.of

analyte of ir?ﬁe’reeqé?ﬁ%f)of an aéﬁseg?ﬁ(%?esfb‘rfl% e&%&?@?ﬁbﬁbgr?ﬁ?‘ god%%nt, the
mechanaborctpermairsee agzyimbfém @I@tﬁ?é‘@ﬁ@%&ﬂ?d&g’ eherinhicamal
glectrodes tg% NSATLE 5/ BC eGP AR ORGP AHMEGFHY: TtRl/0121486

example, t iosensor may measure intrinsic electrical signals (EKG,

EEG, 81, etdshneentapkineans jnpiusesibe hasipaeatipairion compritmimied
loads o SRLISSHEHEIWESAL YAH QLS ‘éﬂ!&n@%@%ﬁﬁgﬁ%@@&gﬂ%ﬁme (e.g,

signal from the biosensor can then be measured, for example by a

microPrIEEaSRTRSH ERBRSHORHR He eI o5 SRS FARSRY AFBRHMRiGrEto a

remotg.ontieUsEnalROtREF iRGaheqMlkollerce b RakbIiRI AxARep6f dheiric

system can be used to relay or.record information on the. .
2\6 power for appl%ng an e %ctnc current%mug% an electrical input lead, an

electrical output lead, and a reservoir cap connected therebetween in an amount
effective to disintegrate the reservoir cap. Power can be supplied to the control
means of the mulii-cap reservoir system locally by a battery, capacitor, (bio)fuel
cell, or remotely by wireless transmission, as described for example in U.S.

25  Patent Application Publication No. 2002/0072784. A capacitor can be charged
locally by an on-board battery or remotely, for example by an RF signal or
ultrasound.

In one embodiment, the control means includes an input source, a
microprocessor, a timer, a demultiplexer (or multiplexer). The timer and

30 (de)multiplexer circuitry can be designed and incorporated directly onto the

surface of the substrate during fabrication. In another embodiment, some of the
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patient's vital signs or the implant environment, such as drug

concentration. In a preferred embodiment, the device contains one or

more sensors for use in glucose monitoring and insulin co .

MR EPATSR from the sensor 30 could be used to actively C(?fﬂ%ﬁ%{? ﬁmm}w
release from the same device or from a separate insulin delivery device
(e.gcomponwen oial inatrbhmemppeititeridedss Yep2006/082PB3, Which
P00 0401 B BRI NARYTEN BB RN B GRS VRGP ittt

herm%]%cal y sealed reservoir device may prowded in the form of an
impléirtabiotiattados noieioviss BraYbrphvsiepdly Ttk Bemshienerably

and eanaplc.ab ippsIahuie A witelesshialugpradeadiagsiie. an

or worn glucose meter-type 5 device, which permits the patient

ﬁo mamam}mhmﬁtstb? ARSERLEPR N aeSTR SR O er
emboglisanis Hépﬁ%ﬁ%%qug@ [ Fnalyiesandadelbre feviibaniypesootssor.

drugs in a similar fashion. Reservoir Caps_As used herejn, the
oSN BIP 5D TR s TS (AT 6% Sy DRt s meles
suitagiefier, separatieg e wonse tanof airegeivaisstrom the environment

outside of t eservoir, but which is intended to be rempved
Ciamtor i TP e A i SR DRIRIREE Bhcribed in
16ont&nfs Aatentiaied /2y @aTh 0dinteit] 4 @isonditveb 4ot eald - SoRastately

SRS RS Incaelioh APt oRo3 dhaerale

reservg?r cap Covers 15 two or more, but les than all, of the reservoir's

opening SO (reePE i dc BOBR/OEDHTASIIAY, de0R/8E9R &9réderRSY/ £3§7260
includgs ﬁi&yzﬂé%?ﬁﬁ?éébé‘%ﬁ@@% e @Eﬁﬂ?@ﬁ%ﬁr Reroeskifeedin/o2s281;

response to an app led stlmu us eé;%ée lectric field or current, magnet C

field, 28ade RALEHS Npby (TSl erierncar aBibbtobREMALPIgFiCh are
lmecq%ﬁ%mm}egmm swtable reservoir cap 20 materials

B i e Jord neutectlcs Any
comblnatlormfr@@s]sw@ msambsamm@ymmlm pnesysicnsaisighed

T
form ffchuide the controlled delivery of a dmg, biosensing, or a combination thereof.
20  In apreferred embodiment, the multi-cap reservoir system is part of an
implantable medical device. The implantable medical device can take a wide
variety of forms and be used in a variety of therapeutic and/or diagnostic
applications. In one embodiment, the reservoirs store and release a drug
formulation over an extended period of time. In another embodiment, the store
25  and contain a sensor for selective exposure, wherein the reservoirs are opened as
needed (depending, for example, upon fouling of the sensor) or as dictated by a
predetermined schedule. For example, the reservoirs could contain a pressure
sensor, a chemical sensor, or a biological sensor. In a particular embodiment,
the reservoirs comprise a glucose sensor, which may, for instance, comprise

30  glucose oxidase immobilized on an electrode in the reservoir and coated with

one or more permeable/semi-permeable membranes. Because the enzyme could
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25 thin metal film. In another embodiment, the reservoir caps are made of
multiple metal layers, such as a multi-layer/laminate structure of

platinum/titanium/platinum. For example, the top and bottom Iaﬁers could
VR 2008(6%84 for adhesion layers on (typically only over a portfol Gifthé 004
reservoir caps to ensure that the caps adhere to/bonds with both the

subsyale.Q4eRAPHIELIR SBsdasereifaRRRRES(d gsehediodabsippists,
and a dielectric overlayer. In onﬁ case, the strL%ctur '
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2006{852463 PCTIUS2005/040049 top and bottom layers serve as
adhesion layers, and the platinum lgyers proyvi ility/biggtahility
and protectitiitt e‘?ﬁﬁ?ﬁ? SNtrar t grﬁﬂ%1 By e%s'?ﬁgﬁtﬁ QI%I%SS of these
Inyerdesaibddieréin medmplppabalinB00 vaefyrohethas deicasaRerpyle.

about 40 A 00 U0 A1 D B G RNRY 530K DR WIBRRP AR ok and

15 nM1or the sion titanium layers. Control Means for Disintegrating
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reseryoir cap comprises a metal film that is, disi rate electrothermal
15 R Y LR 1 DL P A R heor Mo,
2004/012148fk #leddefieesshtaibwibmsinaisubey thenmardweie)dlegndcal
Fomponenis. aldsplvag peededospniol anddelverelertin RaRiY
fom a’power source (e.g., battery, storage capacitor) to the selected
reservmpisdysﬁﬁea‘@taaﬁ@ﬁ}@.gf,mﬁé%@%%ﬂl@pﬁgﬁﬁﬁ? perildetdraiihe
devicg %ﬁ@akfi‘&&y,%@h%@ Eglestrig29 RoMaE i .ApRkIBaRE Rlatics

current through an electrical input lead, an electrical output lead, a%j‘?
Eﬁg s. In still

reservenosig camiiseticguser e thredslir R PAAAGIORT 12
disintggataie FIAIMVRIp o) WRI Rt ha:f Rdied torihel coktral of

20  fragrances, dyes, or other useful chemicals.
Still other applications are described in U.S. Patents 5,797,898;
6,527,762; 6,491,666; and 6,551,838, and U.S. Patent Application Publications
2002/0183721, 2003/0100865, 2002/0099359, 2004/0082937, 2004/0127942,
2004/0121486, 2004/0106914, and 2004/0106953, all of which are incorporated
25 by reference herein.
Embodiments of the invention can further be understood with reference
to the following non-limiting examples.
Example 1: Tongue and Groove Hermetic Seal
A hermetic seal was made using a tongue and groove joint design. The
30  seal was made by a compression cold welding process. FIG. 3 shows an SEM

of the seal. The substrates are silicon (top) and alumina (botiom). The metals
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means of the multi-cap reservoir system locally by a battery, capacitor,
(bio)fuel cell, or remotely by wireless transmission, as described for

w%’%ﬁ%ﬁ}'%jfﬁsu-s- 25 Patent Application Publication No. 2002]4%%@65/@0049

capaci

or can be charged locally by an on-board battery or remotely, for

example by an RF signal or ultrasound. In one embodiment, the control

meansgoidstestardrunusisomcpitiewrddhsprocesaplatadppaiuging). The

demuliplexer
can'be designed an

0

r

AnHliinlexen) e simer anch 30 dRmuliplexatcalsyitry

incorporated directly onto the surface of the

subptriediato fttoricmiemt i AL et irthaRt BT BrHEe 88 o
2006/952783 R G/ ¥EA00/940R4R com
provided as a separate component, which can be tethered or untethered
%o tHEascioEmRsy portion of the device. For instance, the controller and/or
power source may be physically remote from, but operably connected to
and/egimpRmmuniaaticitFéae e Si-eamibdEctdiTtizkinessin 5 one
embodiment, the ppgsation Hethetizidii-cap reservoir system will be

controlled

an

e

cosai A

rem

i (e.g.. with
microproc %ng_aﬂ%éo%%% égemg Wi

in an i
S WEIe

?QQ}%&%@Q ! %s%?é’iﬁﬁ%rent feature

tembihadcontcoldneahbare

odiment, a simple tate machine is used,
1@s itsiypicaltyissiiplerthsinmters.aflddpintew tes sopavessipippld welded,

e e TR B

eleass 879@
0. 6,527,7

Qlematheeisoate
2, and No. -

6,498 666k descRatsnEnAnEIRmIS P BAORATH NOS SBUTR /B £20lgk0elow,

A, B TOBUED A Sanalo 500

Al, 2002

2004 roppthadkacss pret HoCPoRR5 4785

reference herein. Using the Multi-cap Reservoir Systems/Devices The

%ﬁgﬁg\aﬁﬁgﬁg%@& described

oir rele,ase/%os,ure

fodndefrgiable]

0808 Al: PCT

PR BRR A i 2O @18 rhefal 6
|, and 2003/00

O

taifRggeak below
13,794,898 16142386 16w ie:p 37 1é62hall §¥-whishare/stb. incorporated by

multi-cap_reserv re
hereﬂ%iﬁ' I?T%g'u\,gﬁﬂ?%sgﬁqu%yfﬁ!&y ot appheations—Preterredrapptications
inclyBiesheRigmtroNe delijertof adiud.cieensiig,on a combinatien
there@ﬁﬂz f?ﬁ%%t J‘iﬁ‘%‘\‘éﬁtﬂ%ﬂ d erafrodirmett, tepmulti-caD reservolr syBem lis
part (S% g?‘l Thickness
pm pm - pm Thae1 pm pm Hm - -
10 21 Dye Leak Tight
- Cal b3
145 | 50 Gold 135 50 pencizant
7 2 Dye Leak Tight
ili G eak Tig
50 50 Silicon 7 80 5 penstrant
60 50 | Gold - 46 50 1 14 | He Leak | Undetectable
60 50 Gold 53 50 10 7 He Leak | Undetectable
60 50 Gold - 50 50 1 10 | HeLeak | Undetectable
Example 3: Array of Microfabricated Cavities Having Individual Seal
20  Featares

Two silicon substrates were provided made with complementary cavities

and seal features for compression cold welding. The seal features included

ridges that were microfabricated onto/into one substrate, and matching grooves
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implantable medical device. The implantable medical device can take a
wide variety of forms and be used in a variety of therapeutic and/or
diagnostic applications. In one embodiment, the reservoirs store and

WaEYAR g formulation over an extended period of time AR dHotHE040049

embodiment, the store 25 and contain a sensor for selective exposure,
wherginitherrasangils-eie:0papadia shaepeesuisenendingafrve xaidpiayity

upon fouling of the sensqr) or as digtated b rede i schedule
e L R S
senseesaitiagiateginas sehserl rimgparticular embodiment, the reservoirs
comprise a glucose sensor, which may, for instance, comprise 30 glucose
oxidase immpliizech 80 ALAIECPHR INAIBIRSENG BOL AR NIt RR
or more permeal‘:ﬁe seml-permeapb e membranes. Because the enzyme

couldasBwAratREe 615e eSS Fd $200867G4004i:d beteitsvabihvngbinen to
exposgekioffe-anyinmeniad rihetadwheioradk inisadeddime of

use, the sealed reservoir serves to protect the enzyme until it is needed.
In stilFfidicaiime anfaatiations A iteadrfdecioms sists srrpeielibes 5
descripgddaeseinake incorporated into a variety of other devices. For
example, the hermetically sealed reservoirs could be integrated into other
es and designs of implantable medical devices, such as the catheters
and electrodes described in U.S. Patent Application Publication No.
2002/0111601. In another example, it could be incorporated into another
medical device, in which the 10 present devices and systems release drug
into a carrier fluid that then flows to a desired site of administration, as
illustrated for example in U.S. Patent No. 6,491,666. The hermetically
sealed reservoirs also could be incorporated into a drug pump, an inhaler
or other pulmonary drug delivery device. The sealed devices described
herein also have numerous in vitro and 15 commercial diagnostic
applications. The devices are capable of delivering precisely metered
guantities of molecules and thus are useful for in vitro applications, such
as analytical chemistry and medical diagnostics, as well as biological
applications such as the delivery of factors to cell cultures. In still
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other non-medical applications, the devices are used to control release of
20 fragrances, dyes, or other useful chemicals. Still other applications are
described in U.S. Patents 5,797,898; 6,527,762; 6,491,666; and
6,551,838, and U.S. Patent Application Publications 2002/0183721,
2003/0100865, 2002/0099359, 2004/0082937, 2004/0127942,
2004/0121486, 2004/0106914, and 2004/0106953, all of which are
We clalfgcorporated 25 by reference herein. Embodiments of the invention can
further be understood with reference to the following non-limiting
examples. Example I: Tongue and Groove Hermetic Seal A hermetic seal
1. 3SdRde Using Aitangue.ang Qreeve.eint siesign «Jhehaisealstad Baadeising:
by a compression cold welding process. FIG. 3 shows an SEM of th .
seal. TREYHR RS ROSRD %Hﬁ)aéi‘%?%laﬂ‘?i L BORbIH THE %%glgompmes
a first j2thiMQ2006/AF3d6 uRECE Mo A%/ 040840 aratlgold iaputier éekopisilicpmture

Sputtered then elqc %?%I ed %n aluminaﬁ. Th pa }tls W%r§ biondgd onan .
compr ZRILES it ER15 SORAT GHIEH S SRR B ALY BroVIe SRy AE e ongue
structusdignment in x,y,z and pitch, roll, and yaw. Once the parts were aligned,

the FC-l‘Sgigl%mQreessgg SthDeSLE?a rt %(%%?tl‘é@e%gtdo'g{leesCoégdwel]qt 85'811156 %?Ch

formed Exampié E:C\(}aria%lon 0 eatulge izes and etalj'ﬂ'nc ness
compriepasctondeimegisinfSevenaldiffdrencioirdesiy s onsro étddribatedeast one

second gﬁggs%gqﬁ?yééﬁ%%g%ﬁges&ﬁé %P%%&U@H@ﬁﬁ%&%ﬁm%%@@ ﬂ&iﬂzté:d in the
ere compression ¢ |

. old welded, and the sealed joints were tested for
substrdaits tsingeERBéprgdysipenEtiantitest or a He leak detector depending

on the par geametnh-As showRinohaRiesd-RalAvs: INR SR UM AHE/NER least

found to be indepéendent of feature size and gold metal layer thicluiess
one greRksy ithloTaiNg e asdhe IOMIRISEIAIRS RARF4teS AayPIEERBeIGT™ 15 THa"

effectil@ak fpteciarsdawenlimitaniessthan de fkaticeiietechABkBt @AM joining

arison of Various Joint Seals - Leak Test Ridge Ridge Joint Joint Groove
surfaces.

2. The method of claim 1, further comprising:

aligning the at least one first joint structure relative the at least one second joint
structure before the compressing siep so as to impart one or more overlaps of the at least one first
joint structure relative the at least one second joint structure,

wherein the one or more overlaps create the one or more interfaces of the joining

surfaces during the compressing step.

~

3 The method of claim 2, wherein the one or more overlaps are effective to displace surface

contaminants and facilitate intimate contact between the joining surfaces without heat input.
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Surface Groove Groove Leak Width Height structure Metal Width Depth
Metal Overlap 'rest Results (188) (190) Material Thickness Thickness m
pm-mmmmm - - 145 50 Gold - 135 50 10 21 Dye Leak Tight
penetrant 50 50 Silicon 7 80 50 7 2 Dye Leak Tight penetrant 60 50 Gold
- 46 50 1 14 He Leak Undetectable 60 50 Gold - 53 50 10 7 He Leak
Undetectable 60 50 Gold - 50 50 1 10 He Leak Undetectable Example 3:
Array of Microfabricated Cavities Having Individual Seal 20 Features Two

4. SliconaibsiraiemWeraRiRHdRd MRES YWIth SAMP BMaHaNAa Wit Mtkht
seal features for compression cold Weldln%wg]e seal features included

rangingifigesitideivere HIRFBRBAEANER APREHRS SR BIRbe AR drttifedfingl microns
and whereiaues 23 WQROBRORZIAR e THI 3 280R/O40QA YatBaloVRI® 1 micron to 100

) microfabricated onto/into the other substrate, A shallow, wide cavity was
microng GRS et e @ﬁb%ﬁ@iﬁ@%@&eﬁdﬁgfﬁﬁs. 27A-B show the
resulting substrates and seal features. 5 Publications cited herein are
5. imaerpenatediyaiefdrencacMadiffbations!and vanationsdf thésiethoedsise gold
or ia{}ag% devices described herein will be obvious to those skilled in the art
PEEI the foregoing detailed description. Such modifications and variations
are intended to come within the scope of the appended claims. 10 56 We
6.  clanmdthed misthoo of eemetitallfirseaking, dtdeastitdmstabsir e, toyetse, a

metal LSRN GAMRY] i%gﬁsps&ﬂyg'gdﬁgo%ﬁmai wbshiata havingatleastongdisstye,

joint structure which compris
silver, palladium, cadmium, titanium, tungsten, tin, and combinations thereof.

7. The method of claim 1, wherein the first metal and the second metal are different metals.

8. The method of claim 1, wherein the first substrate, the second substrate, or both,
comprise a material selected from the group consisting of silicon, glasses, ceramics, polymers,

metals, and combinations thereof.

9, The method of claim 1. wherein the first joint structure, the second joint structure, or
both, comprise a material seiected from the group consisting of metals, ceramics, glasses, silicon,

and combmmations thereof.

14, The method of claim 1, wherein the first joint structure, the second joint structure, or
both, comprise indium, aluminum, gold, chromium, platinum, copper, nickel, tin, alloys thereof,

and combinations thereof.

11, Themethod of claim 1, wherein the at ieast one first joint structure is formed by bonding

at least one pre-formed structure to the first substrate.
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a first joining surface, which surface comprises a first metal, the at least

one first joint structure comprising one of a groove defined within a recess

formed in the substrate and a mating tongue structure: providing a

second substrate having at least one second joint structure which

comprises a second joining surface, which surface comprises a second

metal. the at least one second joint structure comprising the other of the

groove defined within a recess formed in the substrate and the mating

tongue structure; and compressing the at least one tongue structure at

least partially into the at least roove to local efor the oi
2 SRABER TP Mot BT S aE AP S L eSS raf G oplating
processﬂ@@d@tm@tahbélﬂdzﬁe&w ddpesfitst pretat anpusecogdeinetaindfaie

oining surfaces. 2. The method of claim 1, further comprising: aligning
evapor%Hgna?fe%‘gfet ‘ﬁcgf?)s(t G8ifit structure relative the at least one second joint

structure before the compressing step so as to impart one or more
13. cﬂertap:mf tielsinidastoher firstpjointestratidregretativanthe atddasneneiween the
first sUBSHEARE, 1# ?tesster Icture L WHELEIn e ORR QMO @oWﬁQQSQEgC{&%Eﬁ%@&Q &3t one

Rore interfaces of the joining surfaces during the compressing step. 3
first joTihesmmethoehdfiatiicasiphe rsirpIid BNES BRI RS RN SO BT BHHiséERaI NG the
one or fiSRIAGE SiHace CoplaminRRtz andifReiitale intinate eontachpatwesn the
joining surfaces W|thout heat input. 57 4. The method of claim 1, wherein
the at least one tongue structure has a tongue height ran?mg from 1
14, rhiwswterdod v whEraTSRY BB VRGNS FARGHGSIRFE InfBRIN 15 1 802
metallBUGEIIm@Nd wherein the at least one groove structure has a groove
depth ranging from 1 micron to 100 microns and a groove width ranging
from 1 micron to 100 mijcrons. E’he method of clai gl wherein th first
15, nléeniesatehie sy bR TESHpRsEYsit P §“ S g gecs are
layer oMathgdefelaimtleavhpirintheuifstanétal fire secandemetal, or both,
comprise a metal selected from the group consisting of gold, indium,
mlnu Lopper, 4inc nickel ver adlum C
6 SRR R o B S RS W A, Y more
;nterfaﬂee first metal and the second metal are dn‘ferent metals. 8. The method
of claim 1, wherein the first substrate, the second substrate, or both,

7. The method of claim 16, wherein the compressing step and the heating step occur

substantially simultaneously.

18. The method of claim 16, wherein the heating of the joining surfaces occurs with a
microheater.
19, The method of claim 1, further comprising applying an ultrasonic energy to the joining

surfaces at the one or more interfaces.

20. The method of claim 1, further comprising clamping or soldering together the first

substrate and the second substrate.

21. The method of claim 1, wherein the bonded substrates comprise at Jeast one cavity

defined therein.



comprise a material selected from the group consisting of silicon, glasses,
ceramics, polymers, metals, and combinations thereof. 9. The method of
claim 1, wherein the first joint structure, the second joint structure, or
both, comprise a material selected from the group consisting of metals,
ceramics, glasses, silicon, and combinations thereof. 10. The method of
claim 1, wherein the first joint structure, the second joint structure, or
both, comprise indium, aluminum, gold, chromium, platinum, copper,
22, Higkeletingalloysiihereaferand.eampinadiensdhereehd bothe methoadity of
_ claim 1, wherein the at least one first joint structure is formed b é)ond'ng
discretey Rt e RN TR BRI RS R SIS B S T A o
each otRbClaMTAwheraithedirsbigiring surface is formed by an electroplating
process, evaporation, a chemical vapor deposition process, sputtering,
ctron beam ,evapgoration,.or.a wet etch process. 13, The met f
5 R S OO o AP RaT Lot e g ot
secondfirgtdsulstrate and the second substrate, wherein the step of compressing
together the at least one first joint structure and the at least one second
24, 1L STHENIG E‘j‘a%%c @'@ﬁleﬁg?JQJW&%H?}%@HQ@O%}J}HQ&%Q{%T QURRAtion.
pre-form interfaces with the substrates or the joining surfaces. 14. The
method of claim 13, wherein the pre-forms comprise a metal, a polymer,
25.  GFte myshalliz€dlpolyiherheBiTHE FRetHedr SPRIAMNST J0TAITERS A IHERPSOfotREN.
compoaHECE RIS HANNGSWHaGERIE 8: laxerpbmelakcovering at least
part of ‘a surface of the first substrate. 16. The method of claim 1, further
comprising heating th(‘agLoini.ng surfaces at the one or more _interfaces. 17.

26.  THes methrstodrclasing DE0sTHE B dpe Bt IR SHTYSHSS HAMCIERLRERG ™ &0

inert oSlGRRESHESURstantiallySitautanecuslys it jbhe method el alaimol@at which
wherein the heating of the joining surfaces occurs with a microheater. 19.
would pRenr B g dustd A P RARET 2Bmprising applying an ultrasonic energy to

the joining surfaces at the one or more interfaces. 20. The method of
27.  claigndstiuthé e pomprisingetiaiping or salceting togethemthesdirgtcavity in which

a third substrate is located before the first and second joint structures are compressed together.

28. The method of claim 27, wherein the third substrate comprises a sensor, a MEMS device,

or combination thereof.
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substrate and the second substrate. 21. The method of claim 1, wherein

29 t e b%%%% su %%r%teosmcorgllgri,se at least one cavity defined therein. 59
.anne method of ¢ aln?ll V\gherein the first or second substrate

compriseBrst phbrédity biviiserémiesbrenirs betltaidingre servdingenientsone first
joint st%?&é%%%ro H%QE%@&QB%% @tﬂlﬁqg,r%ﬂic%as%pf%@% Qﬂgsf r&@aﬁ%he at least

exterior environment. 23. The method of claim 22, wherein the reservolr
one firg iREHISEAHMIRISOTRTIOS EMSoPOR ot S atedmddry tevice reepsT Hermed i the
substramethed ﬁfaglgi%%%é/\g&%@mg’he reservoir contents comprises a drug

f I

ormulation. 25. The method of claim 22, wherein the reservoir contents
comprise el aHBE 8 StBiEcEnoLIABR SayuyldpBihErcsIsTatich comprises 2

secondSWBRIENEEFaQ! IANAingG-REEMS: 2Rohdenisthed of Rliaimds WReHRINARE structure
deformation isaﬁonducted under vacuum or in an inert gas atmosphere

comprigne REbreaLEE 8094ESRDTHEERE SRFUE PSR e to that which

would ogcidrifaRneiactRenR@iBesEhesiciaisinig The mathoskefelaiid lhe second
_wherein the first or second substrate.comprises a cavity in which a third )
sobstra AT BRSBTS SRR e 1 St B g i atractire at leas
partialgompressed tegether. g2y hadnéthady ofctgmsgionwhileiwrlthedghire first joining
surtucRYFRIS.SOMRIReS ,sensar @ MEMS deyice, o cqmbination thereof.
® - A containment device comprising: a Hers‘ substrate having a front
side andtaddackrsidentmthicelsding btimadt bnedfirstwisintlstrictusebaiiehand the

second” &Eﬁwﬁgmﬁﬁﬂﬂ@ 'Qéﬁge%fﬂ@@&ﬁsd@g' g%%ﬁtb?ﬁi@[}%%g%%ails H?:?lﬁétl&ﬁﬁ} sealed

one first joint structure comprising one of a groove defined within a recess
from #periesion ¢heirebBsirate and a mating tongue structure; a second
substrate having at least one second joint structure which comprises a
second joining surface, which surface is a second metal, the at least one
second joint structure comprising the other of the groove and the mating
tongue structure; a hermetic seal formed between and joining the first
substrate and the second substrate, wherein the hennetiic seal is made
by inserting the at least one tongue structure at least partially into the at
least one groove and thereby compression cold welding the first joining
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surface to the second joining surface at one or more interfaces; and at

30. a%r%st%}] % ecgpé%ﬂg%g%&ﬁ %”%Eieg%g'aﬁg &%%ﬁﬁ{%ﬁp%%étcﬁwf@g% plurality

e secon trate within rmetic seal such that the
of discrsntainrrenns Spticeridcherfitatbii deedtifrent bivesee Herfarvirisiimaapihe back
side. 61 30. The device of claim 29, wherein the at least one containment space
comprises a plurality of discrete reservoirs in the at least first substrate
positioned between the front side and the back side. 31. The device of

31 clmndsuicn é relfithin YASTAN XL 18 GHATARh SRE PRIt fpace there is

disposisPesad:2 SRISOrs A S deisehiniaaandabaation thereof. 32. The
device of claim 29, wherein within the at least one containment space

. there js dispaqs gia%gj formulation. 33. The device of claim 29, wherein .

2. BT LS ok SN UOMEr By & e 10 OO riebere i

disposedthduidhéatinpiii34. The device of claim 29, wherein the first metal, the '
second metal, or both, comprise gold, platinum, or a combination thereof.

3. -eTEe‘%d%‘6?%}%&%‘5&[%%&%\’9&&%9&%% 3&%&@3@ §8Mk%%am$r5a}m-m-
selécted from the group consisting of silicon, metals, ceramics, polymers,
metal yladsEsraddradmiihationsithereof. 36. The device of claim 29, wherein a

pre-form structure is deformed between the first and second joint

34, SHHCWES: IF dhg device.abalaim 29 whereindhefisld i Srec il Ofomprise

the second joint structure comprises a microheater. 38. The device of
gold, pipdiminy ofHERP RO 41 intermediate layer adjacent to the
microheater. 62 39. The device of claim 37, wherein the first joint structure
35.  Orgegenddaintairuchorevsampricesehmagoalinimateriataifectiveltobdiom the

the structure yja an external induction heater. 40. The device of.claim 29,
sroun A B HAH AC TG YR Gt et ap S TG0
device of claim 29, further comprising a solder material securing the first

36. slUbstdatécand cthenstontkstibstrateftogesivert42. 1T Hefdevidebafralainth2dirst and

Secong\{f?)%%r%rgé ugéss't substrate further comprises a plurality of

37. The device of claim 29, wherein the first joint structure or the second joint structure

comprises a microheater.

38.  The device of claim 37, further comprising an intermediate layer adjacent to the

microheater.
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discrete openings in communication with the at least one containment
space, and said openings are closed by a plurality of discrete reservoir
39, ddssdagerid qhvise Y crlificHy, SR B SEEBH BRpECamgRgs gructure
compriSeg Al candiheevire iincy des meamsclarsalest velyr-alisintRetiingAhe.
reservoir caps. 63 44. The method of claim 1, wherein the at least one

o JRRYS S SRR e abo S e e e

structure. 45. The method of claim 1, wherein the at least one tongue
41. Thstdestueeotefimes?8, fartionchaniniging heigitroh80rmicronridg fEnrshethgtite and

the se 01;} Iaimst]fa%/é/herg#ﬂetrhe at least one tongue structure has an aspect ratio of
Cﬁe'lg%l%l%o W|dttﬁ% up to 5:1, and the at least one groove has a depth
corresponding to the height of the at least one tongue structure. 47. The
42, hbthdevideckiimlainwR@rehatsenstep Brtonipedsingribopeoimsesat plurality of
discret@@&%%slﬁg%%ﬁ{bﬁ%aﬂgn The methadof R diinhereinibeambiRntpenings
temperature is less than 40 C. 64 49. The method of claim 1, wherein the
are clogedrsicobwaling o8 SfesisdsAftNBLIt ¥ need for providing additional
holding structures or sealing material. 50. The device of claim 29, wherein,
43, prigy desinsestigniaf thedidrastiane danoiegitucimeiin dheal lBashonene device
) groove, the at least one tongue strucl:ture has a height up to about 50
incIud BTG B B BATHEEBT 06 1SS BB Bdrresponding to the
height of the at least one tongue structure. 51. The device of claim 50,
wherein the at least one tongue structure defines a portion having a
height of 50 micron. 52. The device of claim 29, wherein, prior to insertion
of the at least one tongue structure in the at least one groove, the at least
one tongue structure has an aspect ratio of height to width of up to 5:1,
and the at least one groove has a depth corresponding to the height of the
at least one tongue structure. 53. The device of claim 29, wherein the
hermetic sealing is effected without the need for providing an additional
holding structure or sealing material.
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44.  The method of claim 1, wherein the at least one tongue structure has a height up to about

50 micron, and the at least one groove has a depth corresponding to the height of the at least one

tongue structure.

45, The method of claim 1, wherein the at least one tongue structure defines a portion having
a height of 50 micron.

46.  The method of claim 1, wherein the at least one tongue structure has an aspect ratio of

height to width of up to 5:1, and the at least one groove has a depth corresponding to the height of

the at least one tongue structure.

47, The method of claim 1, wherein the step of compressing is performed at ambient

temperature.

48.  The method of claim 47, wherein the ambient temperature is less than 40° C,
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49,  The method of claim 1, wherein the hermetic sealing is effected without the need for

providing additional holding structures or sealing material.

50.  The device of claim 29, wherein, prior to insertion of the at least one tongue structure in
the at least one groove, the at least one tongue structure has a height up to about 50 micron, and

the at least one groove has a depth corresponding to the height of the at least one tongue

structure.
5t.  The device of claim 50, wherein the at least one tongue structure defines a portion having

a height of 50 micron.

52. The device of claim 29, wherein, prior to insertion of the at least one tongue structure in
the at least one groove, the at least one tongue structure has an aspect ratio of height to width of

up to 5:1, and the at least one groove has a depth corresponding to the height of the at least one

tongue structure.

53. The device of claim 29, wherein the hermetic sealing is effected without the need for

providing an additional holding structure or sealing material.
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