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WELD SEALING METHODS AND DEVICES Cross-Reference to Related
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Application No. 60/625,053, filed November 4, 2004. The application is

incorporated hereéﬂ‘&; QIEhNee Wit ti %%I f the
Invention 10 This rﬁ%% IS genera I‘;:?#[ e fie E}g m‘g‘tkjﬁ@cgd(g and devices
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require sealing are described in U.S. Patents No. 5,797,898, No.

6,527 ABRING. 1B, #YLBB6, and No. 6,551,838, which are incorporated by
reference herein. These devices for the controlled release or 20 exposure

of reservoir contents inclugiaa posalif\oDfebevenitsin which the reservoir
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ultrasonic welding, and metal compression gaskets), and in U.S. Patent
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Patents No. 5,797,898, No. 6,527,762, No. 6,481,666, and No. 6,551,838, which

are incorporated by reference herein. These devices for the controlled release or
20  exposure of reservoir contents inciude 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 1s 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. Paient No. 6,730,072 (describing the use of a polymeric
gasket and backplate) and U.S. Patent No. €,827,250 (describing various
techniques for hermetically sealing micro-reservoirs, incinding 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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reference herein. These methods may not be suitable or ideal for all
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contaminants that are "not bonded. These islands could form a contiguous
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It also would be desirable to individually, hermetically seal a plurality, of

closeRPédc ik RARHAhs SRRRY RTTRETRD 618l o PEERLE
that is relativelyssimple sandesieifetibsemnpat Taidabyd@ilargensERltomeric

prodygtion With High LElabilly; & RUmman oing IVenlion. 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 18 & bonded interface with “islands” of contaminants that are
not bonded. These 1slands 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 o individually, hermetically seal a plorality 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.
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depth iaagHe ol @bbdments, the one or more overlaps are effective to displace
surface contaminants and facilitate intimate contact between the joining surfaces
without heat mmput. 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
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micron to 100 microns, and the at least one groove structure has a groove depth ranging
from 1
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igth ranging from 1 micron to 100 microns. Vario binations
W(g?%n%%érﬂya s of construction may be used. For example, thg%f#s@r%'g%ﬁ%g
second metal, or both, may comprise gold or 5 platinum. In other
embodiangnth)neifistrardal goevseutiit nangtialg Gootimicomisrid® a metal
sel Jrom the group consisting of gold, indium, aluminum, copper,
lead, zinc, nickel, silver, palladium, cadmium, titanium, tungsten, tin, and
combinatioiasiene eestbingEcseHaigrist firenursiammeds s usHse For
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Tconithiiaten s Rtheb FrS e o e SIS, the sseeuhisiihistatture,
or b&fﬁpﬁ@ﬁ@@mrﬁgﬁ@e@ﬁtlﬁﬁi@i@e@ﬁﬂnﬁi@m@ﬁ g«ﬁﬁmﬁl@ﬁﬂﬁﬁlﬁﬂﬂ' ifhm,
metals, ceramics, glasses, silicon, angd combinations, thereof. In one .

e Rl BT SR SR Yo i 2B b,
mayatd ouptisaaishs memleinithefizgelo g hrentisrecolatimarl, weppe diferent
nickel, tin, alloys thereof, and combinations thereof. In one embodiment,
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part of a surface of the first substrate. In one embodiment, the method
may FUPAEr S GEEPIET IR B FEBIHSr EPfe SRR BN aBH R APRET

18ubsifate and {hezapanrdsubsiniewReeiRdhg 25 step of compressing
together the at least one first joint structure and the at least one second
joint structﬁ?@ﬂﬁﬁ@%ﬁ'ﬁﬂ’ﬁ%g et ARY LR SHe SRS IRESE Wiore

pre-feshasnataptestotikiptefiaaas witheiie sDe! iR Susthie:jOMiBgrst joining
o WA BoRer 30 e b GO EF S o GERCe U RFRp oo, =
polymer. é | ’
incluctesnim@atiagpthieposiing process, sputtering, electron beam evaporation, or a
20 wet etch process. In one embodiment, the first joint stucture and first joining
surface are a layer of metal covering at ieast 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 substrate and the second substrate, wherein the
25 step of compressing together the at least one first joint structure and the at least
one second joint structure further comprises deforming and shearmg the one or
more pre-forms at pre-form interfaces with the substrates or the joming surfaces.
In one embodiment, the pre-forms comprise a metal, 2 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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for example, comprises a sensor, a MEMS device, or combination

cqREHEY, TGI8 EmBbAINEHD RS Eorfation STA AR pltats @ second
qmn%meﬁmra\ca«ruu I orhitian et g gatssameqsph@tedeﬁﬁbtw&@ﬁrst and

ce o) gatlon of the 0|nt stru ture reI &(ljt Whl h woul occur if
SSCOITI ﬂj@l{l Cf FHUCTUres ar Il’lp 255 eth irg Su 6 dme%\ }%am i"
conducted in a mospheric-arr. |sc 8 her&in'is a me oFhefma
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first joint surface, which surface comprises a first compliant pol ymer,
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rdRgialcQRiOLIIE sy bretnsing saeiati oy wardbnelirested surfaces of
said first compliant polymer; providing a second substrate having at least
one second joint structure which comprises a second joining surface.
which surface comprises a second compliant polymer, which has been
metalized with a thin layer of a metal, said thin layer of metal
conformingly surrounding radially outwardly directed surfaces of said



second compliant polymer; compressing together the at least one first joint

structure and the at least one second joint structure to locally deform the
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whisE eertsimefespacathbrigsatdpsbsed WISIONBSNIEMS devipesiag the
ottirngfohmptation pot heombinatiogithereafpreontadnedin saidfcontdihmentn
aigppdeidn apreferesd embadindent:the joimirg surfasesiRBdoinetktc seal is
miggetherdyadmeiaktemetal band farmed withost Beal NPkl hYarQUs: one
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second jointsthediores, thean dtherembodimmen;theafiestjointses a plurality of
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,
contained in said contamnment 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. platinum. or a combination thereof, and the substrates may comprise &
material selected from the group consisting of silicon, meials, 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

mtermediate layer may be provided adjacent to the microheater. In one embodiment.
the first joint



structure or the second joint structure comprises a microheater.
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structure may comprise a magnetic material effective to heat the structure
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substrates together, or a solder material may be used to secure the first
to sepeer e R ettt and e BPRts B R R IO 86tBfe embodiment, the first
substraiaderiveaEAMRIiEe S Riubali-of fiseretenSRRBIAGSuIAlty of discrete
communication with th%\%{ Iggerst, ne containment space, andcfaid -
PGP BRI S A RS by & é‘ﬁc&?aé? ATSCr U PRESR ST Al Raghgpenines
arenbadimentpihaliesefubicreapscomprispa meiat filmbatttie devieservoir
includes. means (e.g., confrel circuitry and. power source) for selectively
T e B B e
queltﬂemca_bfﬂceefmﬁh@)céiﬁtnmg@t@xﬁb%m_@mﬂmé_}éa%e of contents located
in hermetically, sealed Fe SRRl ROTRISING- Al 8 SUP SRS 0% or

of discrete reservoirs disposed in the first substrate, the reservairs having
rekse Yromings Msareb B BpERING S HRidPtRE PHSCOPBNIFGS: Rdus gpuate:
a SRAERtsdacated PSSR I8 EESRIVRI e AR IRINHR: [ ESEIVRINEARIRRIS Y first

comprises a drug or a biosensar: lurality of discrete reservojr caps. ..
I O PRTINGS LN 157 SErEBi el CREINLG PRI tRew nside
theegsaproificapgicand aiseesnad.osubstratesancherhigrmetidjainirsedingand: a
closin second openings, wherein the hermetic joint is m b co
e eT ST el S s M R
disteierivat yiheossmectionicomgrisinenprovidirtge anfirstaometomelntsizing and
clé'smét{ﬁt:t%&@}{ﬂ]%@ﬁﬁ&_w&eﬁ%%tﬁmhe Whereinihe meransulaceofa-
salid first substrate defining said aperture comprises a layer of a first
Wé]@@&ically 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 fo_rm a bond anpl
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embodiments. of joint structure designs that can be used in compression

a tongug 3d RIS TOTHE W h et Suel BN €5 206670587 63 The Tigure on the ieft
shows RECFLSRODE04004 QoI Qiim erassverchianrakyiensted ke on the right shows

the seaiefmbm%gi ep{ﬁeog hrgrgngstlignsgo I s\xsltg:mrs ggsrmed with different combinations

of the jOIﬂ%S ructur 3esngns iﬁus rated iR FIG. 8. FIG. 10is a

Edss3secticnanvigwienida maggified drossigectionakyian biof mtmetic seal that
was ma@l {Qﬂﬁg'@1%@Ee&i%s*?&ﬁ%%‘&o%%]e?é{ﬁﬁeél@hﬁ]%%?o‘o%@%ﬂ?u%‘% %’.ﬁé‘?@

structure design. FIG. 11 is a cross-sectional view of one embodiment of a

Edtmatie gakgss-sectional view of one embodiment of a hermetic seal system having a
jomt structure design having a single cold welding shear layer at each joint structure,

FIG. 5 18 a cross-sectional view of one embodiment of & 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 system having
metal pre-forms which can be compression cold welded between joint structures.

FI1G. 7 is plan views of five different embodiments of joint structure base shape
geometries.

FI1G. 8 1s 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.



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

a cross-sectional view of one embodiment of a hermetic seal 10 system
whawegsmeroheaters on a joint structure core comprising a BUbysgates/ 040049

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

cross-sectjgnal view of one emhodiment of a hermetic seal.,system having
microheat hgo‘ﬁé%?sééﬁ%&n\?\%tﬁegvfo?éifr?\)&;n s%nr%or;aénrlﬁg eﬁ%a}il.a{f—li ¢ fﬁgli; a
crossysenticamh sdewithfdfierermnboobimetitof of Hernoet steeaintSieyigtem

havi icrgheaters on a joint structure core comprising a substrate
maté]#zﬁ%%(@fﬁ%%é?pbontact with a joining surface material. FIG. 15is a

perspectiv¥ifRilos erecsmisotimentof andeymegiei Beh presaseepionalirigva
Nitingl Glamp. E1GR: 3@&8&5%&&9&%&%&{1%%@%%%@ BRigRodimant

of a 20 hermetic seal system having a solder clamp, showing the
asseTBIStEPESEIG. 17 is a cross-sectional view of one embodiment of a

hermetic seg; Sypigh H3¥NG-R GalcV¥eId Kiamimedin 60 DPIeRSING 588l
material. FIG. 18 is a cross-sectional view of one embodiment of a device

that SHLRIBAY B Brels SrPe RIS HlaliYE B 4Rh 1588 individually
hermeticallyi@bigeialedrusesactRmprassione enveidingrprieassmatie seal

tongue and groove joint design. Th dy of the device in.which th

S oo S HEFSLPESH B 8Ea TS SRR Ot i SISbae

beenﬂmﬁ;&ﬁmﬁ&ﬁa&a&éﬁ%@g&em@m&r@mﬁression_ cold welding

process Wi 199Gu¢ ARA.LoRXe. I Seplon Liik9da B ACIRREY S
of & fh include

view of one embodiment evice that ncludes an array o _
resesysies:dating vitgdi¢eiatsde sigecfopntilidita o ermen G rwdeitlg

the reservojig4Iging.a compressian cale Welding:IRaRRR: 8% Rmetic seal
2006/052763 PCT/us2005/040049 FIG. 20 is cross-sectional views of

thre eSETEBORRIRS T BTORE AR RN A1 TR HE M EP U BoRRER oint
struciies flaadwvithmetatieining -Seiaces: G mdsa cross-sectional

view of an embodiment of a multi-reseryoir 5 containment device,

illustrating tREhére A QSRR BFRE PESBABRAgH: of @ hermetic seal

system having a Nitinol clamp.
FIGS. 164-C are cross-sectional views of one embodiment of 2
20  hermetic seal 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.



compression cold welding process. FIG. 22 is a cross-sectional view of

one embodiment of a sealed structure using a bonded "sandwich"
WEtroet0Fe768 protect an intermediate substrate which is not BOBjESeesA30049

compressive bonding forces. 10 FIG. 23 is cross-sectional view of one

embodimegtgf parts. RLIOL 10 ing., f ' : tr] 18,
comection o7 Lo ARG o Qo A g0
24 A tERsIEEpR FEVO Wi SR B aiiBlcthivaIsy PEES Mt il ivaiady
compgssion cold welding as described herein. FIG. 24A shows the 15

parts before connection, and FIG. 24B shows the connected assembly.

FIG. 25 is & HerdpataEorrseiontiio e ofi s BredErsriss dimelitispervoir
partsoRtigiieReRfng ifektaunina-An-glesl iealiMa oD eslion Y by -

compression cold welding. FIG. 26 is a perspective view of one

embSUIRERTOR SHIEHE [R50 connection made by compression cold
welding. TirEGlostrasioroshesdhe visateriahovetapibetvess dhgeaperture

and tooth. FIGS. 27A- e scanning electron micrographs (SEMs) of two
il i et e Sh S
cold sweittrig wiisiDe tated esot iptmmpf e nventiop ftethods and
igevices haygbopn develoned o, M A REIMBliE S8ALAY 2 LOMBLeSSION
cold welding process. The process and sea ge3|gns a var?tagé usTy
pernfieaidinicdop dersnio hentrbridieeh tsifethanecsicrbby apmivetfidientiyid wisidng
protegting-seasiive;device components and contents from heat 30 and
solvents. The sealing process involves compression and cold welding

together twBl&th 3 dds R APRCSHIGIYSH H\Hi 7B sl GF PAbIE R RenBeRtivRy
surfagage 0 AMEH2R06/08AT G2 RET 4d 3205410040 Wat, dulNGRvs the

compression step, locally deform and shear to promote intermolecular

Witfu ST AP B RS AR AR A R0 ek St siRe £9R°asE adereihation of

metal sealifgGuriRespuhstaniatn scrbianaysiyomaiabmue@sdE of

organic or inorganic contaminants present on the surface, thereb o
prgvi&'ﬂé’ prior %a'gom(i:mg,%@ Qomng ane eotgcaE V?& connection gy co%npressmn

cold welding.
FiG. 26 is a perspective visw of one embodiment of an electrical via
20 connection made by compression cold welding. The iliustration 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



5 an atomically clean metal surface to promote metal-to-metal bonding
between the joining surfaces and thus hermeticity. That is, cold welding

wEeRtasieiRing surfaces that are free of contaminants and physifsam 040040
bond. In a preferred cold welding process, pressures above the yield
stress of the metal cause the joining stryctures. a %%oinin sutrfaces to

defBith ATHE s AGRTRIERI SR K8 RPH ks
intipadacosiact Detnesntdsinining suffaceseand it sl sudace

id d oth tamjnant that metal-to-metal bondi :
I HFBEIFHERES FFBIoca TIPS GtiT RO . ToPRed by B b

addiiiengditosn pepaychentanecessgrysdm onahaspebteatmsihpdryiding
provided for hermetically sealing at least tw:  SU

g e e ok R SR S
firsttjmiptistngctunfecosvioh thomiprigetiatirstisiningadiaiéng retosinfies
Comsﬁ;{'g%ﬁés%{%&%@5&%@%&%@%%@%&%@% ldpaskons:

second joint structure which comprises a second %'oining surface, which

surfaeliBpRTpPEEPERRERTRPATE e i Ees Ag Hsgutkd cecIR o s Bk e
first oI a2 SHHGHHE andtheab eashenersecand iginaiiusiuseriedorally

deform and shear the joining surfaces at one or more intgrfaces in an

HamoUre eI &8 Tol B ERRIAS- PIBTAPD OMt et R e e Hetal
and sgoans Retakokibesigiaiotesutiagesndiie dir sianatellanchaegdnmding

metal may be the same or different. They . could he different alloys of the
samE B a5& bR PEERIHE %%%ﬁl%ﬁ%ﬁf%%%@éﬁléf %‘gé%c%%%
Mmetaddiiayshaddtiditte dmbptructytel mospisstogies, e.g., crystal structures,
grain structure, etc. Non-limiting examnle Hgﬁg SUr

materials iril%lﬂ%sealsﬁg?&r% man%‘r%quniﬁ l%gg)%&ngﬁglga ,z%ﬁ%@ﬁ%ﬁ%l%%ﬁ%%ﬁ mTG
1 pallctivatmateadhither, Hianiumclngieg Sterstapn odmebE shnbin Ste s iRasgiaving

su bs%%?ae?{?))?%%t% %?%%@%ﬁ%%g ng)?\?gﬁg?%&%@rials, ssuﬁcghﬁ%s’ sikl%lgon,

glassesaceeamissepofiTicns!dh OIS (PSR aRsHa trEpe ot loast one

Non-limifing.gxampigs-efmuRsiiale skt WRAR06/082 #3ace, which surface
PCT/YTS2005/040049 materials include quartz, borosilicate %%i%?t

alum AT B dS TAORA ST CRIRRS SSUMISR IRE I dB° AHGES oMb |
stheregfycthe subsitatgancbiheaideanionsarginie o jocally deform and shear

the joining surfaces at one or more interfaces in an amount effective to form a

Lh

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

25  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 mdivm, aluminum, copper, lead, zine, nickel, siiver,
palladium, cadmiwm, titanium, tungsten, tin, and combinations thereof. Goid or
platinum may be preferred. The first substrate, the second substrate, or both,

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

polyiners, metals, and combinations thereof. Non-limiting examples of substrate

11



structure may be comprised of the same material or different materials.
The joint structure may be formed in/on the substrate by a variety of
wBragesses b known in the art. Examples include deep reactierjpmaichingo
drilling (e.g., laser), milling, micro-machining, MEMs processing, or LIGA
processing of the substrate. The first joint structure, the second j?ir}l
Sir A= B AR e SATBHLE e SIS e ARG Torms,
ceraifieh flRsseambilisavinanchchmbiiatibesibaresfatamgl esoibne joint
possible joint structure materials include the.10 metal surface met '
oAU BRSSO L R e,

chromium

copjent sinkebréimagiteyfotherdofoatidcohsbirta tiyrsvaheieof prosesedt as
lumina in.any of its.forms, qu fysed silj i ﬁn]ﬂ!iérf'é Im

%tr&?‘gﬁcﬁ%ﬁy&r %Eexaélﬁsciiesd%%r{i%ne . ?ﬁé%%#%%%?ruc%?gg%ay be” m%ej’gral

withldser s ubirgemebonedaniogt NEdrpmatsetimentIhé phressing ot the

struchire. I formed by handing.atleast anRaPrsfomed Slrichue iad

substrate. This pre-formed structure could be formed, for example, by
elechUphaling, meksificalPvRAgF e Jrrlor csptter Fgs s MM ENRS hridssing,
MICTQsMAGRIINGMLGA PERERSSING Rk anedishentbng. The-Hesfarmde the
structure can be attached to the substrate, for example, b
1%er%%%@§%@%&%?ﬁ?&?@ﬂﬁ?a§%@%@miﬁkb‘.m’l%‘g‘}oﬁ?tm

SUrUGHRARE, ESiaatnacspirtaceichay e, o sectalf the ceathimatiaterial or
different ateria{ , In one embodiment, the metg%j E%rt erﬂigcluﬂec% oxid
proviafEPbRe BF IS SREAPARE ) P S BN The i S Bl RESS
the saonhesidistthieilivhe reibidhexstbfohooin(Fesging togeiives they &t
east gne I1LIPIAL Stclie.2nd (e 3t 25 1gaskang.segend iginfsiucture
further c‘%mpnses dse"‘%rmlng andlsﬁeanng the one or more pre-forms at
1pre-fermvimteifdeased/ith thodtubstrisest gctis jbinmeg ssugeEet) IMhabsirate.

pre-form i;?%%é@ AR OL SARTPIE LRV HGAREERS B GreMEMSng,

processing, wet etching, laser micro-machining, stamping, cutting, or

microReaRIRGy AP REASPe SIS AR AT Es M SRS ear BE T FRCR A6 RIB IS,
metaflized 30 DOIYMEF 2524 W GoR06/05R 63 R/ HS 2005040044 a4 to

preferred applications of these methods and seal designs, the hermetic
the substrate, for example, by thermocompression, soldefnng, or nitrasonic

20  welding. The joint structure and its joining surface may be comprised of the
same material or different materials,
in one embodiment, the method further includes providing one or more
separate pre-forms between the first substrate and the second substrate, wherein

the step of compressing together the at least one first joint structure and the at

3]
i

least one second jomt structure further 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, cutiing, or
micro-casting, The pre-forms may comprise a metal, 2 polymer, or a metaliized

30  polymer.

12



seals are used in sealing microfabricated device components, particularly
implantable medical devices. In a preferred embodiment, the present

waealigmethods and joint structures are used in a device jgirdividsaliyoss
seal an array of 5 containment reservoirs loaded with reservoirs contents,

such as drugs for controlled release and/or biosensors, and/or to package
associatedeREeFEISE 2RRiFHIRS MG Upshefiie t dReth Bisdagpdt,
a dewige dfeRERvidestiial iRcerBMAtac0 aevid oS Al die Searieiinetic

seals. In one embgdiment, the_device.includes a first substrate (which 10
may TRARRP S SR B hefe IR 6?@5?%?@;’8%@3 Lékée\ﬁﬁ%s%lp tirafty of

resanégirsieach jofnvkickieas @iuacsdnsod ovidr ugifdividdaiii sealviresergach

eservair.includes a first ning at a first surface of the,device. The first
M e v et tackla UL Sl
disintegjratied teleasa ol ihetimasng/orvatgobicteas esorcaptpbsisrrofithe

15 res rﬁ’@ﬂéﬂ%@%?% eyf%t qh%rﬁpﬁgément the reservoir further includes a

second “opening distal to the first opening. This opening is hermetically
sealed afteitomshsnstaieisuisy W 1B8RINBrbIIPRTIEGER Bl G5 HaFR S i bEse

the resamveirsdiyPicAl. thisealng Rvalveshanding freditshekhstaade

a second substrate, using one or more of the hermetic sealing methods

18nd JoRitBEEGHRSE CRBE IV SEH SFTRO RO A BATERACEPRITRAEY Of

:{‘C' %@m%&&&%&ﬁ&%&&@gmﬁewwﬁd@@@m @Icﬂwde

irst or second substrate, to protect electronjc components associate

with TSN G AHPE TSR e BT E5S OB Rton Bt iy
resepyeitibasecl e sers rdberqackadingesir betsrlecaivdlvherineticsbeals
protegct the electronic components and reservoir contents from the 25
oG e T e oy SRiE iome®
1énvineserient cextenh a}nheﬁwémiﬁbmmio @gﬁwlﬁi@m’@ah setisndies
ata %&%ﬂg@%%@ﬂ%&%@w&g 30 BRiEalaR RKEREIH UL afic or

stora .e or auring in ‘Vlt‘rO O‘I’ n VI\!O use o _ eV|ce. As used hereln, the
term siooitanedustnwith oaRingrer iie kREsarHP B 6ABCRE BN IB/ITGHESHL the

appligationof hgatuwitlhambicntapditans fypicaliniasse NaRAR GvidBate,

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 controliing 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  environment. 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 i
vitro or in vive 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.



WO 2006/052763 PCT/US2005/040049 As used herein, the term

"hermetic seal" refers to preventing undesirable ingress or egress of
wehaimigadssinto or from one or more compartments of the deWiegicra05/040049

particularly the device reservoirs, over the useful life of the device. For

purposes herein, a seal that tran§=mits helium (He) at a rate less than
Ixi0-9 5 atrie8aseRESiEr e deHEBRecRs e dofardmpmenEinpgndesirable

"COMpEigs o CamRIsNG okt R iBRLding-ateinigadesdadse
open, non-limiting terms, unless the contrary is expressly indicated.
DeviCE S RIBHAHE B RS ST n e R ML AF B i s e
subspaihaviegial laral paetfiisimje HeBtmcEES Wilhacdiest jping sptface
nd a second substrate having at least one second joint structure with a
3ecoﬁ181jo‘if‘{ﬁ?§ ?JFF%%&BW & at one or more interfaces by cold welding.
In preferredéembsaiisrentshthersedisanaibigtoropatizie gfhthsilitéd fand
medical mplants. 1. ans STIROUIMENt NG 6. 13 SHSIAES MW nary i
optionally cOritain one or more OF TESERVOITS, SEnSors, rugs, an
electropiess!¥ heizabsgirates may comprise, silicon, glass, Pyrex glass,

stain@g&cgt@glm'mwamm&iﬂgcon nitride, and other biocompatible

cera A otr OF polymiers. In one embodiment, silicon

Hibstrates ARAATBREHESH BPHPEPHSrOBEY RyHEacaviRPblFAN DY fst
infrarggh (SRS I a 1St 8rRAd1R3! SRERY 0SGARIC MOthodScast

using light in the visible, UV or other wavelengths may be possible by an

approffi AU RH0 AP SR 28 SPRART TIPS RE R LA B AT FaYF
Compﬂﬂﬁ@:ﬁﬁﬁmeégwmmiﬂ:g %?@Bﬁ@#ﬂﬁi&dﬁﬁ@dﬁmﬁmﬁl?@w slfreass to
cause high shear during cqld welding. The joint_structures (also calle
B e g Gl o i
tiifferevismatanad thatidhgisubatiatentor mstantesséthizdoinssirdiupesand
are mi r%machi%gg%(%tme substrate theg'ciint strl._llctur S are com aﬁﬁed

of the SUbStFate Matenal. %Ftse%agﬁc\?el?ﬁqﬁeé j%)fﬁ %‘tfgtj?:‘%sl’jrg%r%{ifa%’esa o8

pre-fcﬂtmib@mimmgmm@iﬁmm&feawﬁWMteﬂmmand
the spistrate, SUchas-a-me il Amaial aleyona cormbioation.of metals.

In another 30 embaddiment, a LIGA formed nickel joint structure could be
electrdbpaticg\prepgs in the near-miared (NIR) to infrared (IR) spectrum. Itis

20 understood that spectroscopic methods using hight in the visible, UV or other

wavelengths may be possible by an appropriate selection of subsiraie material.
In addition, the substrate may comprise polymers with high enongh Young’s
Modulus and yield stress to cause high shear during cold welding,
The joint structures (also called “sealing features™) on each substrate
25 may comprise the same or a different material than the substrats. 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, 2 metal alioy or a combination of metals . In another
30  ecmbodiment, 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



layer of gold and then bonded to a metallized substrate using a solder,

braze, or 14 WO 2006/052763 PCT/US2005/040049
wiheomesTampression bond. The LIGA structure could be copaprisedisiamys

metal or metal alloy compatible with the LIGA process. In yet another

embodiment, the joint structure pre-form could be formed from,glass or
SO AL R A A S (A N
jointatrlotures haileyjcimipgiivsfadbsifaSildaectcishdaythyerttar

"bonding. surfaces") which are preferabl L apd RRtANAIY B8y bagg,to
otheeﬂglnfﬁ}de @U@ggggtlﬁ%g%mm%rﬁgt%?%% )0 i%ﬁqeent, describe%{ain further

detaitingeivorothe joimedkstidelcysiray 04BN iEHeRI98lymer. Metals with

suitably -Jpw. PR ANES AL LS RSB deMinaSiuiase
%uitability ’ff:glgqvj e 10 d%%%r%ined%gone spilleds(% the art, for exarrS{pIe, o

bas&bosrinasysEaRs Iy iregasriaat amy et oatandhienas bAad i

reasqpalyRe.appiecs tofform thendeinh b addilioBesnatalsithatEler dekil
have a surface oxide or have a high relative oxjde to parent metal . bl
hard?fass dhe JpHars SHIEFSIIRE S SBRHAY R paRE égéasta%‘ﬁégb%é}‘“a y
"Invesiigatians sehrars e elding dBetisbivelding.de (Maiahi 9Dy b6

and Mohamed, et aL, "Mechapism of Solid State Pressure Welding". .
e R S SRS B 500 PO e B ey O o
Represeptativedakamples:t of Suita ket wretadss@Ealthisiraaiityé forfoludtigold

xepsealimiziampizs:of & " ) roiusgoi
e e S B R B

Represéntatecexanylbstdbieirmingsitable 20 wmeeals iorafssuliop. See

bioc Diligy | \g-andRledinpm T herlistioming,surface a0k
may%?‘g%vbo%ﬁ%%%%% %h%n?;%%@%naterialé;s the second Toinin surface>

With endidfoinefiéseidinindylsel el S R Renmsncsldng of eldaing

example,the ioinine, sk fasessmay bssampeisest of. digpirpiidmeialatbles
different alloys of the same parent metal. For example, the 25 first joinin
surfa@%&?%@ﬁ&ﬂ(ﬁﬂﬁlgmﬂgﬁﬁﬂ%%ﬁ%%ﬁi B0 ?#ﬁﬁmg

the jqiNgopyeiaces asacCarmprised Dh hecken i ataial with matiiffer e,
e DT e e TR T
Iechagidmseadérred for biocompatibility inciude 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 example, 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 fo reduce the vield stress through the normal annealing mechanisms of
recovery, recrystallizaiion, 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.



recovery, recrystallization, and grain growth, while the second joining
surface 30 may be deposited in such a way that the grain size is small,
wihbimdngreasing the yield stress. 15 WO 2006/052763 PCTUS2005/040049
PCTIUS2005/040049 The joining surfaces may comprise the same or a
different material than the joint structures. This allows greater freedom in
the fabricalfehi pHERFOHERPRT R TORPHRIRRs s#Br O R ST e e
extent ang: insaliROMastitbwielesmativrdoar i e e Gaourakeliedndf the
structures can be micrgmachined ?n a 5 silicon subcféra% andftl-le joint
SurfHBt AR A5 BB TP SRS S h B SRR R ALR g e8tabiished
MEMsgingass Jlepsstiavesenytoeiung anactnade cjoint sticcinessiedon a

lumipa substrate m rove, difficult and require alte '
SRR T AR R e AT B St LB T R e
sn_Jbstramspghsijmm@ﬁmwmwmwgmsaeﬂmoﬁmwmm
el s msehanicalprapediss @ O kst lpsligibuanch igagyield
streés’)Il han'the joining surface. In one embodiment, the joint Structure
couldlisamtied cenreiinend fbrertion Blebadpl e anypiantieyfog¢lumina
electraplated G QmiLESIMCIHEG, B AR:RlsctoRiale dindpAnitasture.

Therefore, it should be understood that a joint _structure may need no
Lurthee e sasHa e &%}ﬁﬁﬁ&%@@@%&%ﬁbﬂ%ﬁ%‘?ﬁ@ B the
matepghassiedRinkSHCt B ahifie, jinfcustucaraaiaye af dersionned
other material degogsited, eé%?tr lated, or foméeg %S th%%(h)int st&}cture
surfdHEE ARefE B R G Ut PLES EBrRISFRRR A HSEPBHEM SR AN h Sh The
joint eEeuGHIsRMAktHah Thecjoiet Shurifie, haybecomprisedoofiatsingieint
material or a combination aof materials. 20 Methods of-Making a Hermetic
Soal FHEHE TSI B M S R B S e il
Jone @mbadimert;divo Suldsirtdsidredhertetoathseectiod tyciey Hycast
broviging adiiet sBliale havingcatlsashone:fisklolpt s yisue udich
comprises a first joining surface which is a metal, providing a second
substrafechavirgatt ioantnnevsiies HOrPEidNg SIS RHRHCEHphsdan
second oiping suraceihichiis: A ME A, FONRASS NG Gaciien alaash! or
one first joint structure and at least one second ,
a combination of materials.
20 Methods of Making 2 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
substrate having at least one fivst joint structure which comprises a first joining
surface which is a metal, providing & second substrate having at least one second

25  jcint structure Which comprises a second joining surface which is a metal,
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 continuous metal-to-metal bond
between the joining surfaces at the one or more interfaces.

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

hermetic seal joint during the bonding process. While not being bound to any
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joint structure to locally deform and shear the metal surfaces at one or

more interfaces in an amount effective to form a continuous
wonatalasersetal bond between the joining surfaces at the orkSofUsTOr& 040049

interfaces. 30 In some embodiments, ultrasonic energy may be introduced

to the _hermetic seal joi rng.t i ile |
bouﬁﬁg%ﬁymi§W5#2%t§g%%%&%§§%&§g%% /(_)4084;%ﬂ Lpf_élﬁr‘%ig;ggl?ﬁag
mechamismtbé hetiowicisisiioliemsinthaetpeiuimatbimtcendioy may
'mp@gﬁ%ﬂ%%@%%ﬂ&ﬁﬁéﬁmmjmg&mﬁ@m%@y
scrubbing the contaminants out of the joining surfaces and deforming the

surfaedags senridiesentihere iSiHIAMRC UMbt BePrRrEBAIY Rierface. 5
4n other empgdisenisowhrrasthedeningmechasismis Rty rhesaldid

welding, a pulse of heat or a small increase in temperature may aid igl
et EHEME Y FIEH g TSR AT o REARG e A o B
stresonfiRi Bxampleiipduttiashedtiogesmdinenissit taducatyshebithe
joining surface . metals. If. other metals are pre n%nt ee%ev,ich@ d are
non-EGRE ,%@T&)ﬁﬁ %cﬁ'nuﬁa S B bR QeI e Stad By
incorpeizading etimagaedicanatesalt imiherddwci mihgrsnrfacesgnetic, the
epresentative.exampl . I I NG ickel: iron....
R e e e e
geomedey thajplsingdexitives tBustsenvdccraplales aiaprBladinaetas
giveR HRAUENeY: (REE LBACLA condiRalivRandigsalizeshondinausing

15 induction heating"; Solid-State Sensor, Actuator and Microsystems
Worlk&Hepiresresre e mev s Aesiged ig ﬁ@@ié{eéﬁ@?]@%%%’rﬁ%%ﬁ@m ofa
ambigpt.epireamenisnayhe digplagerauith Jaamingi sassonifegesne
vacuum, or some other condition which would minjmize the rateé%f
Toxic ABBHP EPRIEB TR PR A BIRERSRiAG LeitaERS MUY e ek ke
is 20rermededdusiatived:ohodimeniof the Hermetic Sealing Devices
and System Jo%%és uctures tgave been desi q)eadd}g ﬁz@%%ﬂ Ogggltl% a
large local PrR&&Ires S T Getormations at tﬁlggfomm dirfaces for a grven”
load.dikGEn ] vBeillustratemoshasactdnaiyiehshof ebodimert shefrate of
hermg}g A 1%%' e g:gfirtlgnﬂ%e\(ﬁ%g of the joining surfaces as the hermetic bond is
20 formed.

Tusirative Embodiments of the Hermetic Sealing Devices and Svsiems

Joint structures have been designed to efficiently create large local

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

25  joint structures that efficiently convert a compressive force on the substrates info
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 smrfaces that is deformed by

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

eliminates asperifies and allows the surfaces to interact and bond. In some
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25 joint structures that efficiently convert a compressive force on the
substrates into a shear force on the joining surfaces to cold weld the joint
wolhdetuwmsstogether. The shear force is produced by an integtergreametoo4e

overlap between the joint structures such that when the joint structures

are brought together, there is an overlapping portion of the metal joining
surfﬁ%%%ﬁ%%ﬁ%@@%%ﬂﬁﬁ%gmﬁﬁ %%?a‘ﬁ@ hear of

the tBsavEHBPRTE-EisICTH Bteekminalescasp etiliemansmifawsitieot & pair
surfaces. to interact and bond, In some 7WQ 20%6{\05(12 ()63 ed due to the
PCT? %6%%694 r@%ﬁ%g&l?ﬁ%ﬁ sc o ;}Stﬁ‘el Titer %r%gepéﬁllon of eac
joint dififeneutrm sl e asdbsteritizdypdaferisedsén otfimmeratiohifefitss rihy.
ne joint strycture of a pair of joint str. ormi i is
gu bstantialtﬁ;/ﬂaé?(ljrftrﬁ%a%ﬁgst%ﬁégter%g#fgﬁﬁé?e%@%ggaﬁysag%?a%?ﬁé
propestiestisea] IdHMmmcﬁﬁmﬁoqﬁW}de@mf@m%mﬁW@@Md also
ilusteated in F1GRLa0 canhe fRbricakedssing RRURanALMEMS joint

processes, for example, although the structures should also function
similWW&%&éﬁBM@?ﬂ@%ﬂ. 4 SyTia e oSy BRo BBt oty tnclude
struciiigs eRLASH fiarmaliasealinthaysien tiioathen MR dNIA NS, MaYre

include multiple sets of joint structures. |n addition, the joint structurﬁ in

101G SR e T T pFESER BRIt PETH ot PO SEOSEERAHP LTty @
CrossrBgetinAghsttiuashapiisndilai stheftalivshapeduel hemisplierical
joint structure, may also pe employed, dependin r example, on the
it I G TS SR P O C AR s of Bty
hemidphetical Pontstrmptelre ican e aiedtpdib yiretbot:opteting sejeiity
structure material onto a photo-li raphically.defi i
L S R B e S R
Etchinep{RaFy dathbebsse 1f fapktiagouridedrommeiivul e jsifimetpboradive ion
from &g%@g%g@mm&&wm 1guREAReBRLEMROMIER e from 2

photore e overexposed and thus undercut during development to

form EFHBEVRISIERADBIVGHIEh dBNTherPBeT FeePdEnsHhalepteResist can be
electraplating:aiQiatiati s Valiple ZdayareafphataresishipayReye

used to create more complicated feature geometries. FIG.1 illustrates. a

crossTEEeh GHEIFR RF GFEh e St e E TR I s B Syt HPle
Iavingariengueaadsgeove: Jaibtstetiadesignplicated feature geometries,

FIG. 1 illustrates a cross-sectional view of one embodiment of a
hermetic seal system 10 having & “tongue and groove” joint structure design
which can be sealed by cold welding. The hermetic seal system 16 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 structurss
comprising two joint structure elements 20a and 20b. Each second joint
structure 20a/20b has a second joining surface 22. The first joint struchures 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 joiming layer 22, Thus, the first joint
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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

W@tmg%;g%?ach 25 have a first joining surface 18. A secong sppstiate,dfhao

has second joint structures comprising two joint structure elements 20a
and 20b. Each second joint structure 20a/20b has a second joinin
surfesecapesTininne iy L Strnéon &y serbiaBasmeTigige I FRRE SHE 6] 22

leasf padialydAte: a:OrRRMe seiRAIRd BY eHesenddeits duaHI 6sld
20a120hb. The width of the ton%]lie as measured acrﬁ 3(% oapégé)sjte sides
of sESIRBS TRERE 15 YRS EeIR P IR SRS HOVAE 4 A4 °Yroove of

the seaemekjoimSiughesfRiBing myer22. Thus, the first joint 18 WO
2006/052763 PCT/US2005/040049 structures jaining layer 18 and/or the
3econd joint St PELSi @“S&éﬁz‘f‘é sg?grbae‘%?rlf?cé% fﬁ%j%%% ée
structirpsi sk afahepress ed didfyethiemaisring. cBiG.Vieldistgytes eatingyshefar
along the.top comers and sidewalls ach.joint . str. the joini
e R R R o L M e e
surfacer2dentiybpricog priswdref thewhife/ shilifferaniinateinidnRic. the
ilustiates oneq Aaaip ehehelning suiReesl 890 2
and%&ﬁérent!lﬁgagtgﬁg?%ﬁiﬁ tf e@@E‘;[(gspectiV(sa}rlg oining structU(egagléi and
190%@&%3@@@%@&%8@%&%@, @ﬁb%%iﬁgvgééﬂ%%%narmw@joining

structure maydinglidernultipledayitiohalsnaietatete dnsdunetoss »
mechanical or cold weld bonding pro&erties. FIIG, 2 illustrates a

cros DSBS AEP TEERT 2hBeHSF SRBIR HerATTRE Lesnl Jsiesr s
beforgeangbaftellsmational ayherBlicsedinsingseatd weldingedde

h i 30 has a first substrate. 32 and d_subst

g A R A e
iningistuface A8 /RBBSH HEkrStioininstretine 40 isiintbhddonm(of goove
grooye struchire Ie E’ﬂ%&%&r‘%ﬁsﬂ ﬂ‘é‘{? FupstRle 32, E‘L%B%%%‘Bé‘é’aﬁﬁ%%”ate

34 hasa secoﬁ%}]omt structure 36 comprising a different material than the

secosgtond pemase T Séopmpioinesuditiure Beausime tip inmng
surfage 42a/420 comprising e Saroednaterialas ihaisecentbiont 4k

structure. This second joint 20 structure 36 is in thé form of a tongue
strucRerepNFHEHn sy ek s fseond joint structure. This second joint

20 structure 36 is in the form of a fongue structure, which may partially fit into the
groove structure of the first joint siructure 46.

A compressive bonding force is applied fo the first substrate 32 to cold
weld the two substrates together. As the compressive force is applied, the
tongue of the second joint structurs 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 vield stress of 3¢. The interference or
overlap also creates shear forces at the interface where the joining surfaces
38a/38b, 422/42b meet. The combination of deformation and shear forces form

30  ametal-to-metal bond between the joining surfaces 38a and 422 and joining

19



groove structure of the first joint structure 40. A compressive bonding
force is applied to the first substrate 32 to cold weld the two substrates

wipasiher4s the compressive force is applied, the tongue gidhg 86908040
joint structure 36 is deformed into the groove of the first 25 joint structure
40. The deformation arises when the force applied to the area of

inteFrafaiRee B ana Anitnd S4B iFR S HTEHPEDRIG Rt TRSBhey BT cold
strugiepen36 S@sults iImapsessure exceeding the yield stress of 36. The

interference or rlap also cteates shear, forces at the interface where
the joining%%f’é‘%geg‘gﬁ ?‘54‘;5?%%%%&?1&%”%%% TTa |(¥)rs1' 0 HIes
defarntation snevaiesailfetcas fgrnpdea métakidersatalibondpginiben the
joining surfaces 38a and 42a and joini WO 2 0) .
CHbSoa rn g Saaantt b3 AR e LByt 10
seaHi@?émMMSihgar@@mMim]@?mqipIbF@daB. It should be
undefstooqgQa&%avﬁﬁ@Héﬁﬁé%@é}&asam% BIEYGH 8 A falBn 2 %he

shown for illustrative purposes and may be smaller or larger than 5
shoveniTa suepges e foueimp e grachertsbreepspieseinetforeeirdguired
to deform-thedoininglayersand thus formia hesmetislaanted additian, it

should be understood that the local deformation at the joining surfaces is
16 fupR BT AREEITEMEA THopERHS LOBERHIRA Lo YO BctRRPET Y He
jointigurtage chosexaaiple: itane-€nbaedimentnaéntise, 10teinatoeGtine

comprising a sqlid gold toqngue may deform un C ression into.a
et A R b R e
strugtigraidsssilidaorand tiehpiningsinfacerdfagold, the deformation is
localized tomt ﬂﬂ% %{16% corners o&the tong urface..FIG .

. TOSE 2edlional ASaroF 0'%}; ogITient or 4 rmeqc
illustrates a cross-sectional view of an embodiment of a hermetic Sea

1§y stemi5@savift oneg ol waltimgEheshtay tayar daehhjdomisiuectue. The
her%%&{ﬁ&%&%&%?@dﬁ% 2 frstsbsiiate, 52 And.a.saGanshakbsirate

54. In this embodiment, the first joint surface 58 overlaps with the second
joint s frabo@ment. dhrIRISIMEUITACE B RIS O DIEL 8 SHHeNe4aTT Hgce
sideg;0fihadqlat. Suk{are A ANththMak aiawa rravstionindheoveriap

required to form a o )
surfaces 58 and 62 may allow & reduction in the overlap required to form a

20  hermetic seal. A reduction in the overlap reduces the compressive force
required o fomi 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 symumetric design {e.g., FIG. 2} there is ap 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 a “fail-safe” hermetic seal, wherein one or
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20 hermetic seal. A reduction in the overlap reduces the compressive
force required to form the hermetic seal by cold welding because the yield

wolURRRS-@achieved with a lower force. in an alternate emboglimesisthessoas
joint structures maybe in the form of a triangular or trapezoidal joint

structure _cross-section to_ further reduce the shear force re%{ired ]g%fotrarﬁ
oy 7

the FEFm Bt S8R AL 55 Bk SRR RGeS TR AR it
onezgedingveelieibreaaino@epredted, while with a symmetric design

(e.g., FIG. 2) there is an opportunity to..create two seali i
single join &?ﬁﬁ%‘ ?J% %% %earpongﬁtécffr?%i %’r\%l%r\r}e?@gm r?gti%ﬁr@&ﬁés
desiliisedibbieFIiS. derBralyst ovisiteie® tondasstnsl pemmiadcarEitpR
SCAUIR RAUMCIES R AAXIAATOYSIY B9 Uil RuloR BRI Aoin:

redundancy In a device, providing a “fail-safe™ hermetic seal, w erein one

or 20UMOR(E8/06 FEECR AR FSREebIATTAOT ks &8 bk RRSESRIR all, of
the SealingPOEIMRIETSIMaYRE HHE0RRRIRIE; PRRAY-faibs BRI0NS avaralk

seal remains hermetic. Another embodimeént of a hermetic seal system 70

usingi el doiénging e st BREY ST ek o208 Apd PRASHY T
seconshsyhsiraten/dravaishewnnbsaalua-eapearessive forceussapplittend

The first substrate 72 has first joint structures 76a/76b which have a metal
1fbinif SEEESPETT e HrSE TP SRR HER T TN AP AT SR P

joint structures 76a/76h and 80a/80b form a ,grooye.in whi metal
pre-%Fﬁq%ﬁ"%eéarﬁ?gﬁ%gbdﬁ.{kgafhg‘finfé)u sfi?lrlac%tqéfl %Oglrllg’fbgi%%e%econd
substrate 7Pharecimpréssey tegettedduting:ddid Aveloting, 1 pirb. toigser
o fglermenAnd Sheacshadanal s ioning suiRess £%.20d B2 B
form” metal-1o-metal onds between the perform and the joining surfaces.
IThe BtdsidepmiBisnnugonedowpadbilisiaghenumes bibsbe mataiehiset pidbe
micra:machinngniLahuidbenasssioad that sherprocessing:ofihie:

pre-form 15 84 is dependent upon compatibility of the process with the

mate#fRPLRBRE reliREabRm e SHEINY A HBGHEr st BUaHERIfe L1CA

pre-fRr S SEOSESRGe At c JeRalnCraaybelbmited hythelfabFiati®ut a
method used. For example, a LIGA technique cat?or;}ot produce a circular

CrosSISERHRFTIS AROSHRIHY, FRARE ok gcaoss-sec

20 FIG, 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 sysiem 90 has & first substrate
92 and a second substrate 94, The first substraie 92 has first joint structures 96
corpprising groove structures formed in the first substrate. The first joint

25 structures 96 have a first metal joining surface 98. The second substraie 94 has
second joint structures 100 comprising groove structures formed into the
substrate and 2 second metal joining surface 202. Entrapped between the first
jeint struchures 96 and the second joint structures 100 is a metal pre-form 104,
The pre-form 104 can be formed vsing 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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micro-casting process may enable such a cross-section. 20 FIG. 6
illustrates a cross-sectional view of another embodiment of a hermetic

weeabsystem 90 having a metal pre-form which may be coldrareldemosiosonas
between two joint structures. The hermetic seal system 90 has a first
substrate, 92 and a second substrate 94. T‘Jta‘e figst substrate 92 igt
joint étﬁ%?géh%b%%?%ﬁ%u%reosg/geagﬁ&c uF(éé% orrﬁlééda'ﬁ]mtr%e w?tﬁnfulj
subisétaten Tiephrstjoint}bistristtine s\@tdrave cofinstetn dabjormisiiy seaface
e SRR NA 5 SRR IR SHElLE 100, commprising
groove strubttres formed into the substrate and a second metal joining

suratedy). dtmepedibethreeidie Hiestofmessianctalésroliaggieress. In
ssecgﬂéﬂei%&ﬁ%ﬁ{%%nﬂggg 5iR R 6o 04 hec araderen diad

can be formed using methods similar to the methods described 30 above

in referpEcRMRLSEASHHa IAING? BroRvNaRRdeum rmbro I idiy ahine
secapd aURsialg. AR SO RIS SRS dauRINR R R, PERTFRERIADE ise-form
deformed’and 21 WO 2006/052763 PCT/US2005/040049 sheared
agaRfEvaTe Wifing surfaces 98 and 102 to form metal-to-metal bonds
between thepgrioisns anm:tseciminingesutacesitidenieiathe hemhetie

eal. Variqus combinatigns of preforms, positive features (e.g., a "tongue”
ﬂir 53%@5%%)058?&8%1\%%%%0 Sésa(éijéo in the compression cold-welding
process. Innalbnétberdbosineetipdengui jointbstAssttatdeon omesisstrate
2 BRI SHSIE N AURIhEr sUbSHAIRBRAANG. A ERNGidg
larger than the Width of t e tongue joint structure may be cold welded

togetirenibimiompiessiraglap sretfarihe Banvabel tiein. dpiemped-famtbe space
CroSg-R6CHORAl JEAMRIYGRHERR CIraWat ARRNAWSYE 1l trcianale or

other suitable cross-section. in all of the above émbodiments, it may be

[8esirdisiestd ininipmgec i FiHehEe BERNEEs o BEMRIST PGPS his
adjustmenteambe acsasnlished Heminimizingiheovedap.sodbatiee
amount of metal deformed into the space between the subsrg[‘ate]s iS
i FRAGREA T BHERTS e WA SRR PR TS e e
joint ghiuekiedepravideia vatwwerhetowcthevsthstrate witkfagedar thine
deformed metal to occupy. Alternatively, the groove structure

“opening.

20 FiG. 7 illusirates a top view of various embodiments of jomnt 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 114,
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 structure perimster are avoided
because it may be difficult to form a hermetic seal in such a comner.

FIG. 8 illustrates top views and cross-sectional views of various
embodiments of joint structure designs that can be fabnicated 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
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may have two different widths, a wider opening and a narrower distal end
so that metal sheared by the narrower groove flows into the wider groove

watienepening. 20 FIG. 7 illustrates a top view of various epahagimenisass
joint structure base geometries which can be used to form hermetic seals

using cold welding. Suitable geometries for the hase shape, of the joint.,
struelfuareqﬁﬁ&araﬂeﬁa%rﬂl&ms\}%i@%m%ﬁﬁ BRR groove

cted'w
straiglahisiRwalls-dtéscaerine MITh Sfilittesheomensd boarddiexagarnthes.
Other embodiments. of joint structure .25 geometries may .incly n
POIyBH SPEIPSTHr A ﬁa%aﬁ%f%r%ra éF‘\Isn%pc ged gﬁ%‘%ﬁé‘.‘ ’rg%?rya%ﬁy,be
shanpebidwpeaditonotie jnint@@dﬂiﬁé‘lpéﬁﬁﬂ@té‘mm@av@ﬁée@b@@me it
gl Bl ARMIIEHC AL oHEn A PORal B Gy lstrates
%op views and cross-sectional views of various e€mbodiments of joint
structsesy designdriignosienber REBAIALETIERS RRCRIEMS TS0 FeriEELlY be
Thege embodiments haye ABMRNSIQIALLUsIE Sekoneachauhstate,

but other embodiments may include an array of gircumscribir%%teeth 22

WO 2006/3B2 163 RS 88402000 0 3gratvas SEPGHE SS8aRiA
joint gluciyrgSetsIiiaideneyaiinred sesaaes 19eentetiesS asseciively, using
represented in FIG. 8 with a rectangular cross-section, but ot )
oS TSRS, LRSS TR A G e T TS o pedy &
also ReaUpetind ependidgrosithe sigrolohachiningdiriits afctods/shtiier
geomet efinition. In other embodiments, the substrat tain.an
ol b b S L e S
requisettibastod shievmaetit2llyosedisthify G301 e ctreenesdheogrocied thisveen
outside environmen [o] RS 4 IRt doe
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1522 afgbirBeivespectiRijhatinth) 20d0he epraerveldhenesp vemaneidte

etchingy (MR )rieangctiyaly cfoloweal by A RetaldR g SeFAG8e metal
deposition step. Joint structures 132 and 124a/124b are the MEMs

equiVEIEHISE d WBHELE B ARREG TRt 2P JCIRE R B aoii e elding
of subgtrate 1224qi3ubstrate 130, the comers of the grooves between

joint structures' elements 124a_and 124b create high localized stress at . .
Jth e edges Other emboag:mcnts of ?th structure gemgng co&%abe crealed on a metal

20  substrate by using a combination of milling and plunge electron discharge
machining (EDM) steps to create the joint structures and 2 plating step to
metallize the joint structures if necessary.

Joint structure design 136 iIncorporates tongue joint structures 146 made
of 2 low plastic deformation stress metal, such as indium, aluminum, goid, or

25  copper. Joint structure design 136 has a transparent substrate 138. A Pyrex or
similarly transparent substrate, such as sapphire, other glass chemistries, 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 subsirate itself. In addition,

joint stracture design 136 creates a more deformable joint structure 140 than



15 of joint structures 132 (the tooth) and the corners of the groove
elements 124a and 1246. The high stress causes plastic deformation and

wii'sRkakihe metal interfaces, resulting in intimate contact a];@TQ%? 'nﬂ 10049
between the joining surfaces 126 and 134. Other embodiments 0 jgdo?nt

structure designs could be created on a metal 20 substrate by using a
comisimatorchierdbign 438 pitiriesal eeetendis cHavgplagtisclaiompal oD Npess.
stepgin.CrEAGANGIRIRE SHLUEIWRE ANG- ARG SIBR IRz ehe joint

structure’s if hecessary. Joint structuré design 136 incorporates tongue

jointtserséerampraveihadernrid sw emmrd deTert AiRAREess metal, such

as indium, alyminte.e ik & 142 AeRpslJoidhsipAGiuEB desian hathas a
transparent substrate 138. A Pyrex or similarly transparent substrate, such

As sAPHiFe A8t iR e F AT SR e SO th SRRt AR R O P hETHTEHE Iy
sealedxlevir;d 40, hedosieallyy obad:arthrliowdeiamimpenad, agnmenss,

d during.th I Idi . The. f ti f the joint .
e e R s S e
the needtfor preatiiggféature substheesobstmte geeltfdnmatidiiemlljpingoining
tructure design 136 creat defor joint st
23 W Too DR B R e o Sl a0
1@singuitahist atainltifon Yenep kastieitiste prritior $brissznldr hiks weajghae of joint
struclie 140 i iteqiealen deianAlion caRALIN, MaK-ACIBINE o joint

improve the hermetic seal formed by cold welding. Joint structure design

142 iffstraedea Spiidensinanensi &R ibieg s skt v dd s pikic B

welded e JoRtsE U FReSHRH Qe st St ual RSy rbaded AQcd B and
160a/160b of joint structure designs 128, 136, 148, and 156, respectively.

Joint SFIAERFHELEN 142 allows the high local stress from a j oint
siructure progrdingcteissiabBigiad iR eadugroDVE Wkibe mehaizetbint

g, sylsce s i b o compresion nsneniine

The advartadsdijaintastitiotréhd@sigrethtuistAAL aligno éntisd esraiie

E;ﬁg@@@%%%d‘?gv@e%ﬁ%g E&Lgd%%%%%%%g%g%fb%éﬁa@@t&%%&%ﬁi&ﬁ{ ably
structures 152 can be accomplished 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 jont
structure’s stiffness. The joint structures 152 are subsequently sputter coated
with a seed layer for plating jomning surfaces 154, which can be indium or gold,
for example.

25 Alternatively, the joint structures 152 could be comprised of a different
alloy of the joining surfaces 154 material. In one embodiment, an electroplating
deposition process 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 electroplaiing process. For

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

followed by a softer pure gold as the jomning surfaces 154,
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joining surface 146 does not efficiently convert the compression force into

a shear deformation. 15 Joint structure design 148 has joint structures
waa@enkicksare hybrid joint structures comprised of more tivaToB®0s/040049

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

struclures oz arc 1ot [omed o0 e (SUBRUAIE LEAMAISHA sruotres

modification o ormatiort characteristics of joint sfructures 152 can be
accomeptistiEmhwwithaaiiHom srasmivd e goseding STct Samoo
e lupb ket Aagsan be.sammisat abaidkeh s alars. ointhenhigs

Young's ulus and yield stress material to increase the joint structure's

stiffalstrenrhbtamedh sakires bshhiieatadhudeg & RICEis HBH BomtEls RIREFS
seeddayalorplaling-iaining syffasesrisdravhisi:combadnsivmaraeld,

for example. 25 Alternatively, the joint structures 152 could be comprised
of a'ditferent alloy of the joining surfaces 154 material. In one

embodimepi @y aiesiraplaiing-depasitionpracassitrasdodepasit dhe

joint structures 152 onto the substrate 150 can also be used to deposit a
A e L R e T R St
comfxsiitie fldstingi heRie ciroflatingiprocess ol 2Derampiejarhard
old alloy could be.plated initially as Qi : I -
g et R R e
PCTstaE260SI0/B00 R birst iotnl stneidte Siepet 56 Giloopsrfypaien i i gpint
9rooye JOINL SULEIUTSS incanditions whers {ris fet SRRYENIENR e design

micro-machine a recessed feature info a substrate 158. A groove is
defiféd byavebEsicatith HBtARg o FeErttr S RRisrRe8R636
and caphadahrisaiedcsingadi4ess similaiiniheip psesshdesciilpe

above in reference to joint structure design 148 and joint structures 152.
1F1G. ¥ Mustrates cross-sectional views of various embodiments of the

hermetic seadsysiioms comprising various combinations of the joint
Structu_re dj%%g?% Iﬂr}xss r%%a&%g?s%éfsﬁiﬁggwee&%gg a@/‘% ed:!'czgs. -sectional
comprises u gn I combination with joint structure
desighek2& ddembetionent 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/1 82k, 184 inciude a groove depth 186,
groove width 187, a tongue width 188, and a tongue height 196, Preferably,
these geometric dimensions are in the range of about ! micron to about 100
microns. The tongue and groove joint structures 184 and 182a/182h,

25 respectively, are fabricated to create an overlap (also called an “interference™)
that exceeds the tolerance in the fabrication of the joint structures and the
accuracy folerance 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 te about 20 microns

30  and is smalier than one quarter of the tongue width 188,



seal system 172 comprises joint structure design 120 in combination with
joint structure design 136. Hermetic seal system 174 comprises joint
weiisshegesign 142 in combination with joint structure desigh #28has 040049
Hermetic seal system 176 comprises joint structure design 142 in
combinatio W|th aint strucfu n 15 136, Dimensions g#g
istrates ARSI AR S AR EGF CRIRR SEbhGF ST o
an embxeﬁlhhﬁamlﬁamﬁfmﬂmmaia@sﬁamdﬁ&mmmg)mgmaiamdrgxmhe
joint structure %gég x&%ﬂ@é Stl’%l%‘hlél‘e t%%%g/lSZb an%é84 are fo meee(%I1
in th&°J5 §I7E6h Sinatrates eep reactve jon é?nﬁnr%g Eflﬁ)u?h
geonabtric Odi mmmduabomt fitenjoindatraichickssk82a/1 8kiut 1 dninafickecacated
rooye th roove width,18 n dth 1 a tonqu
oo BT, Pt Cri M % B B
abou@lﬁcmk@irmg)m@m@m@ mricrowe. The tongue and groove joint
structures 184 and 182Dl #6! ively.aigfabricated. to create

an overlap (also called an "IntErference at'exceeds the tolerance in

the fabricatiBrsemenarbadserieRirds armsednseeivaciebyanstset bseting

assembiye %@mﬁﬂ%ﬁ&%ﬁéﬁﬁéﬂ%ﬂ%& sy Haees noustianalatpoints
along the hermetic sealing perimeter. W{)referred embodiments, the

Rerisgiaaive PrisesRpe ReBB! P HEAIHRRY ABSTR SRR GTaas dhermples

smallefihan-enestuanere! thedaogbedmdNs] 88ie2 5\ 6 20082003t al.
PCT/lJS2005/040049 In em% dlmentsgﬁﬂeremt 0|n|n surface

compPRaE S T B ICRTROERET TR EHeOL SRReRFETER Pl%ﬂ%?“?ﬁ sealing
metahlymmmm dsstrsbet! iterieatentiebigdinangstinfdecsiathé mhmknesﬁasco@m@s,
metalli oining_surfaces.ar betwe out am an t5
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Bxample. Gﬁémtmmmmmmmue lereatedvpenaledicepiating
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Heating In some embodiments of the present invention, selective pulsed

heatlﬁ&ﬂ%’é@ﬂﬁé’%%ﬁcméﬂkﬁ@%ﬁ?ﬁﬁm%ﬁ%%%%b@%W%%@r%tlc

seal. JH8unt of heating required, the heater material may need to be electrically

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

20 layer may be required in embodiments where the differences in the coefficient of
thermal expansion (CTE) between the heater and adjacent materials is large
enoungh 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 heaier and adjacent materiais or if the stresses
exceed the ultimate tensile sirength 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, infermediate layers

30  may be required for electrical isolation, for CTE mismatch, for a diffusion
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10 selective pulsed heating maybe provided by micro-resistive heaters.
Examples of micro-resistive heaters are described in U.S. Patent No.

w® ABGe8P3to Lin et, al. Heaters may be incorporated into aryrafstees/o4o4s
embodiments of hermetic sealing systems described herein. Suitable

heaters can pe placed jnto one of two groups, heaters wi .
inte}?‘?ﬁ%ﬁia%P?é &ﬂ@h@&?&%"ﬁﬂ?&%ﬁ& | teehr#ne%%gltgl ié;é eré.j} %%nl}i%%r%glrss

maysguire an intermediate layer between the heater and another

surface far any cambination of the. followi r : [
o the clok T TUCHRRS Dt ai g Livee, ERSAR: Gl DRpending

heatingedbeimethsttre Hanstarisldnitfiasrdiprenet fepsosbrawkiadhy BHeSiddy
4ro ”izgh %L%ggéa&ﬁag&ag orthe subsiate.(2) M intsunesiaie R0 aver

may be re in embodiments where the differences’in the coefficient
of thesthshP&Rpansion (CTE) between the heater and adjacent materials is

large enowgh toinaiantially.isisadussisnasceptable stabsesmahtbea
hermetic seal. During heating, these stregsifﬁrgg%/ap?%%st thgmsel es

by csEipis erelavivRioRt RaRREHEES &fhc VaEneas MteracesiPihg

stresaanexansdR2 1he bantheiien dilydetre ar:thisrbeatenann cdiadeaters
materials or if the stresses exc the ultimate tensile strength of.any of
sl e e b g
requirgga a sliffhs loruioar Aes.to\ revenicthr] eldotricd] wher dbtdtstishetate
the heater. from chapaing.with r ' QiloWHhS o,
diffu%ﬁfoﬁnl “of ggﬁggggﬂ 53}%%.@?1%%?ﬁi%r%gggglgégﬁ%%%ﬁaly be reql?i?ed

for etectrigaidgotatitth, felsCrRE ng dram dhe Fspisaif bifmprmgpbyo-metal

2006&%?&% @%@&Eﬁéﬁﬁ%@’%@%@z?@é&l@%@ﬁéﬁﬁﬁ@yﬁm ofihe
three depending on the speécific materials used. For simplicity, the

lintermediat@l fay bt Bewiaiss theths P uHe S ARE O isHy dreeRA30

layers, at paiaal interiaceahavemotesn siewidnibenmes. it the 14.
Only the intermediate layer between the ggg‘tfg and the i!'oinig?g urfag§3

has BREHShMR AR 1551 RISH SRS Er SUE SeBRAT - BF 8 e ™
embedimani-ob a4 haemetesdatisysten2260:havirg dieatess 248 rteial

heatleBSS.Z %Sc%xrz%gsig%di?%ﬁmates an embodiment in which the heaters 218

20  and intermediate layers 229 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. Conseguently, more local
deformation at the joining surfaces may occur in hermetic seal system 236
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 sysiem 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 joint structure cores on

the second substrate 252 comprise substrate material and may be e stiffer joint
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second substrate 212. Intermediate layers 220 are disposed on top of the
heaters 10 218. A joining surface material 222 is heated from below the
wihteomedigte layers 220 by the heaters 218. A hermetic seapis-foEmedhso049
when the first substrate 210 is joined together with the second substrate
212 and material deformation, in conjunction with pulse heating from the
heat SRS BIBIRY e STELHEES OB BRSO AN TR %%%ﬁﬁw&‘é?xriéc&@h
ZlGMﬁawmée@m&a@&matamama Poidff Marfddd tﬁuemateazwm@ @56
embodi ermetic.seal system 30 hayv ters . In FIG.
12, fﬂ@’?&%ﬁ gﬁﬁﬁﬁﬁg T3P RSATTR A aiiré%%} CorE 233" the
jointafibimety mwdmnt@mmlmgwﬁmmammzﬁﬁy mammemmbyh e
intermediate |a erstgrs r@e 0|n|n surface material 238. In contrast,
IG: ﬁ%str Ates an e Which the heaters 218 20 and
|ntermedlafesmyédéagzﬂé@ﬁmméleﬁﬁee@mbmmn@trﬁmtl&éﬂ&llhlﬂqﬁel}bﬁﬁ
SUUGHIHAN S9RANL BUBSUALE &eldd lfaurdie CARMRMIOIEHA haRdbe

joint structure on second substrate 212 in FIG, 11. Consequently, more

localn adfsiaTation eri ETsHIAY ik LS FbSTERCRRI HBRTIES SaRe
systgm230 oHk HNgtEer masampesaiefhandingritahauid hesundessieod

that this increased 25 rigidness in the jomt structures is also dependant

1 porh&epeiaime siatera el esraen! BIestraiss| SO dhsBotient of

a hemﬁesmMamB%ﬁauﬁmB@a&m 24drecontastzvidadherataing
surface material %é% FIG. 14 |II another emhodiment of a .
eSS TR Ao B P A OTA i deoes ©

Jomuﬁg:seméadambaiemlazﬁahémﬁlﬁs Mﬁbmmesﬁiaewme watasbor the

seco str 2,co |se % bastr te m rlgl and \é}be a ﬁ;t'ff%ﬁse 4
Jomt 8%’/ &350 f@ Strdcture tharrthe |nt

1§trudtm‘esgonStWeléé&@nUmbethQIMQpﬁl®S% which do not comprise
substrate ’%@Eﬁ_@ﬂﬂm Joiping shiriace Materials, 240:3002738 viRayhe

heated primarily from the heaters 244 and 254 underneath. Tn an

alternate em%ﬂmmwﬁﬁé@%a%PWW%%%%Wl

by 5 pagsing-aicksepidranghheuoining sutase:d tehaidd hewndersiqnd

that the embodiments illustrated in FIGS. 11-14
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 inferference or overlap between the
sealing features is governed by the joint structure design. A greater overlap or

25  interference between mating joint structures requires 2 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 jomning surface and also minimizing the amount of

30  interference between joint structures. Preferably, the overiap would be just
shghtly larger than the joint structure folerances, surface roughness, and
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may have a first substrate and second substrate comprising different
materials. In addition, the joint structures of the first substrate may

wEORlise e same material or a different material than thepioRiRghos/ 40040
surfaces of the first substrates 10 and the joining surfaces of the second

substrates. Furthermore, the joining surfaces on the first substrates and

the jotaintl senfiprsnsnasrsasddelraapstditonstly. SorRALRLABIE SR
matglial o AiferentmAIeHAS. 2 e glningesHIfag el thensenand reduced.

substrates’and the heaters may comprise the same material or different

materials. A 38En H ESH ORATYY  FRIBRIPAHOT O I IT U U%a 15
heam&%&%mﬁ%%ﬁﬁﬁﬁmmmﬁmdﬂwmmﬂeyseciﬁme
Mechanical Force Required for Cold Welding Minimization o Ehe e ioint
e RRHREIRS cEFE 4 GO QB SEERENTEHRCE RISt
damagieg:theisebsigateeo withhstraterotbiishspadigiooizingithermbehanical
force required can be acc lished by vario t . .
metﬁ%‘%}gﬁ%ﬁﬁ%‘&eﬂl{?&%&%}g}iﬁ S&%18%1&Fe%@é?&%%}%ﬁ‘nﬁgﬁéﬂ%%ﬁé%%r‘%%?i3 Y
selettionsnjoininipsudreguiraiots sprotessimgiarobenurdae itz erga of

o K BlOSes % 0 ANRHR i ARG et QiR BN Bbular-shapod

inter erence or overlap between the sealing features iS governed %the
Hbinttengrst it dasighreaf syt B B IR EP ob SR AN Wtife ohus. the
matiﬂg(jg);%@gr%%r%lgq@sr@ﬁ@gger force to cold weld, since a larger

volume of metal is being deformed during the cold welding, process.
Therefore, b #MHifTi SERRETER MedaraidedHarts e r&ﬁfﬁﬁﬁ‘%ﬁf‘[ﬁfé{;{? niy one

defopmae: shend-banpinimizad:e [ bis: candieaadanmglis Bed:hy i niitizing
the shear layer or. interface, of thg#oining rface and ?Isé{)tminim'ginigstche
amotiiPEt SEPRTRIAE BROE HOEER BNt stchOr e SR Sh RS dvertap
1wouldshausiosbighity taiger thar thetjnint strootareitdleiithe dscsuefated to
roughness, and 28 WO 2006/052763 PC DSZO&g fl@@élé) assembly
equiﬁﬁ%tﬁt%%%%%cpﬁ%slgfa%%y Additiona )é/}%J B§/ccére§ét%n2lg cf))n one shear
layer (as sHowddinds @.j2)nthisfigodheipisd vafebensigiftesmyositorand
In ad%%%@até’&?ﬁ#%?z%%@ﬂ%&% RIRAtONSREIAINtRINEtY e PSPt form
section geometries allow for the optimization of the hermetic seal for
spectiie 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 swfaces. Suitable joining surface materials with
low yield stresses inciude, but are not limited to, indium, aluminum, gold, and
tin, Conversely, impurities will act to increase the yield stress of the basic metal
gither by adding strain energy to the crystal structure or interfering with
25 dislocation mobility. Therefore, increasing the material purity can reduce the
vield stress, Exceptions may exist where the addition of & second material may
iower the meliing point and thus the overall vield stress is reduced becanse the
ambient temperature is closer to the melting pomt.
Another physical property which affects the force required for cold
30 welding is the hardness of & joining surface metfal’s oxide. Metals having a

higher ratio between the oxide hardness and parent metal hardness reguire less
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5 applications. For example, a combination of a rectangular-shaped
tongue joint structure joined together with a trapezoidal-shaped groove

wioinlsscire decreases the area in which the joining surfaeegimaptdibose
this embodiment, only the corners of the rectangular joint structure initiate
shear. The initial area of_local shear is much s allagftq% in an
(0

embSHIRTRIIS Y VEla SRS EH S0 15 OLPR s R
rectangsllanchapedigremeeajoint Bithotraintiing dhie: faide beaisiredctddcold

weld is reduced. In another embpdiment, the required force,is reduced
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ongue 1S hglft e?orce required to create the same pressure on two

comarsidfharénesedorguieal sdrmipnsially adigni dhetorjorntad Stare TR itarold
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have an effect on the force required to form the hermetic seal. For

exarfpRABITETHiHy SR EFE ATRSREIT4R 1A SVEfRPYAEIE 20 stress, which
consequentiyrakesrihe inatesiaheasieidadefern andiRakes hersiaien
expose clean bondable surfaces. i?ritabl joining surface materials with
W PRI S LR bt SO NS YR Bt IRY SR ARER i ol

and disscsaversedyH ipatitiasiatitatijorinetchse/itia sield strbssobteever
basic.metal either by adding strain.energy to the crystal structure or
gl ML oS i o 5 SR e A A
purityeatzlieghapbithéipyiéioestredscExcpptivnd metyrediy Whe rp.the
addition.of i . r ' [
overa T ESERR AR [ ANELIRe AR A e,
16 theélheetfiorg, puidecrastiscinpnysibel praprens/ (whichCEfees Hresfercaize) the
requited fQr.60ld, SP.welding isshieHaldReSs AhrRinpgSHdaca Rkl By

oxide. Metals having a higher ratio be?weer] the oxide hardness and
parerEFFesh Bt FE4s Yeg ahe eSSBS Sgrrossiyeg i the metal.

PCP/WS2005/040049, defersnatioardencalrewels Genversalhpeltrmeited

oxides deform with the parent metal and do not fracture as easily thus

maintAATREEthE Bk RIS TR EF e 5T

20 Finally, the bonding process can influence the force required to .fonn 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, shorier 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, n order to avoid a cantilever type

force on one of the substrates that might resulf in fracture of some subsirate
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weld bonding. Metals having a high oxide to parent metal hardness ratio
include, but are not limited to, indium and aluminum. Since gold and
w8laHiRMEIRdo not have an oxide under ambient conditions, ghe,exiae 04004s
hardness to parent metal hardness does not substantially affect the
amount of force required to cold weld these metals. However, olggénd
platmiifi e FagaeaARadBrses By Pertammishtdyart a
barigdecoldniveld Rondingefiuathemmoescpivisigsitiasewitatalis grain
structure and inherent strain 10, in Iuenc%the ieéd str%régth. Inb "
POy SRR RN S THETe T BFa LS SRERAGE L8R 5ney ©©
HallsReint kelationskiphshire The yielehstieasshadatesiast tnstoventhe two
square root of the grain size. This relatipnship exists. use the
TrystHB S Bﬁ%esﬁ}%’% ane ]fﬁcgl&%scae%%vé%fﬁg %’g $6 ﬁ%ﬁ%ﬁ%ﬁ%&%ﬁ% $o
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grain. 15. Therefo reasi INS.{1L & '
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lowen thesyisid gfirnss by ipre tha sinepmEgrathesi v srricBEENEH gitHe 22
Inhepanl SkRigID s metah: ARNslingaRY atedieyeiiies bonedisia

effects such as desorbing entrapped hydrogen from electroplated layers.
190 FRRgetRSBERUTHBSE RS- 808 W&WWJ@&E%&%&E‘&%&E#&%@%
the @%@%&ﬁﬁ?&&@t@%ﬂ@ﬁd@@&ﬁ%@ﬁhﬁ batalsaperuptsol defppmation
will reduce the amaqunt of strain hardening the joini urface material
At e R R T R et
hardamigensinee the: dotahassouniochf defdmpatiorsis seplimbat. jinra dditioures
the cold welding process.25 time or .strain.sate may also hav . on
the s‘ﬁgir\gﬁgﬁ?&%ﬁﬁﬂerﬁgﬁg?ﬁ‘aﬁfng&sﬁ%ﬂgy inlii'i\"l’ugexrai{cg'gbl ﬁ%egglrﬁg%% of
Ihetalntedaliffdsiore Gek, Takakdashi @nMatdiesakarntbicliosibhalsbbithisgrsy

fine Olgﬁ{_‘%’%{ : %{[&lﬁggﬁgﬁlﬁﬁé%oﬁﬁ?&%@é&ﬁ%r%?&hWc'device could

17(3 % )- In'sealing with'a compression force, it may be
desirebieaiedatigetivec88usupport force with the compressive force, in

order to aveid acantiledeniyne. faree  on one of the substrates that might
result in fracturé of Some substrate 30 WO 2006/052763
PCTIuS2008yaaefhargspect, a compression seal is formed i the absence of metal-

20  to-metal bonding. In this case, the parts may require 2 permanent joining force
to remain hermetic. The joining force can be applied tarough a variety of
clamping mechanisms. In one embodiment, a Nitinol, or other shape memory
ailoy, clamp can be fashioned to provide 2 loose 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 femperatores, then the assembly is warmed 1o the phase transifion
temperature and the clamping mechanism is activated.

30 In another embodiment, 2 metal or plastic clamp can be elastically

deformed to allow the substrates of a2 hermetic seal system to be mounted where
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materials. In one embodiment, this may be accomplished by inserting a
first substrate, which is to be protected from the compression forces,

wWikli@atigast two other substrate structures, which are theg-pealees/04004
together, e.g., by cold welding as described herein. In a preferred

embodiment, at least one of the two 5 other substrat§ strFﬁctUﬁzs.incJudes
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substeate §021dlppdle substreaecsty aptich forskbisayaivsning the

capsa/&ﬁ &[.;“%Z%]"%ﬂ@ ﬁ%g%g)ég.base substrate 502 by a compression

cold welding process applied at joint structures 510. In another
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include a MEMS device, such as a gyroscope, resonator, etc. The device
1@ oulGoBRH S RRAFE AR IR A2 Brefied B R REUFSSARHP Snother
Esp%soﬁd:ﬁ{r?ﬁf%siw hm&«s iownekiniheiabsepes vt metal2 20 Revoatal
onding. In this case, t e parts may reguire,a permanent joining force to

remdTPHEFHRHES PLJBIT TSP LE B 21N iri X VAE Bpote
clamipingsmeshensins i dre euhiioatinisnt, Baklithité|conptiagshejpeare
memory alloy, cl can.he fashione Vi [

S AN S L8, S e REReL e et
15ast HsehellS troaiftioh 2iEhpbintctéersiAg dnttoplatis donm20tenthe
substrat S i Lo B itiop temperature can be
co ntrc(}J‘ﬁSel‘%dg ?%%@E%{/Ql{ r% gtlﬁgeé%égnﬁ%gg%g r?ﬁot%?ff? m%ﬁ%%e% ry alloy).

Therefore, devibestrisé b eatfBetin kst RraFRsRigy first and

tempgraniessihentheassembhsismarmesio-thephask dsamsiipr: joint
temperature and the clamping mechanism is activated. 30 In a ogﬁgr
embGaRABHYS 5hERAITB? PSSR SEREHR B SRR e B Siow

ibe syhsiraesRiad@meticseakay Jesuio hsssdaunigidwhersider 278 so
that the solder reflows onto the metal pads 284 on the first substrate 272, The
heaier plate 286 may then be removed once the solder 278 solidifies. FIG. 16C
iltustrates 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 alternate embodiment (not shown), the heater 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 strengih of the solder clamp.
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31 WO 20061052763 PCTTUS2005/040049 the clamp's zero stress
configuration is significantly smaller than the joining substrates. Once the
wipinipgauhstrates are aligned between the clamp, all forcescavuthesiammas

can be removed allowing it to squeeze the joining substrates. Other
fasteners including screws, rvetigsolders eat shnnklnc%t[?ol)ﬁrlner 5

opposed nmag LS METREHREE EHBE RS MG RETTS IRAMR TR EE] ST
Theeglfiovpdshioilthhechinte forpermarenilycapphyctcerde Wiielfitistizing

the additional size of the joining pair, A bodime rmeti

ko e S Bk e S A
16Asttheniredastic s@béysmmmqmmmm@mm@mmwwO
gﬂa%&a%g %%%%aﬂ%%%g asRecond.atbsliate Ry 4 Spider

78 1s patterne e posts 276. Second joint structures 280 on

the struem 3968 2rmpniscs gh @ oRveTap o Hrodvat BRI deres-

282 the Jirsh sHsttata 2ittnRads2Ricapnizinadnelalaie Werasited
onto the top of the first substrate 272. A heater plate 286 containing 15

heafSRODBBIRSENGAEA- With TRt sTs bh B e Rl h 8L 9838
overigpRi gt metal PadsAER Q0 iherlirshs ubsitaieidd 2eAmaterial

illustrated in FIG. 16B, the heater, plaje 286 the first d
Tpue B o e e ek
strucisties:2 8¢ antkibe:avedappinggraotie: jmigt sii thetowbsR82s ASithegroove
heater, 20 plate 28 , heaters.28 | refl
the SUIR o R e S e e et SRR B
first subsirate A7 sFoad kemertpRié 286atirytoconipassimobetidite the
SOl aqlid s flGod 86 Hisipiea e omalicaRal Sisihatl

after rentoval of the heater plate 286 and after formation of the solder

18lamigeemetinsrieticsenld be qlsanbaierisetianiBmim SatTRBSRERAY the
heatgfplate 28610 YRS, cRAted With Malelials hah e IRIatoH 6 heat.

heater temperature used and that act as a poor surface for the solder 278

to bohd@tl! Weldehmy B hES RIS e S ReBaRtPEA WRSHL BRATBRAT tRECce

heateg plate R86 @Y kedemonesapseatbetsatder 2%8 cralidifieswithout

the solder Qondintg to th}()a H,eater 2881.1|n ddition, the . . .
In anotber 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 ctamp. It should be understood however, that the siresses
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 coid weld process. Traditionally

compliant polymers have been poor choices to seal in applications where water
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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
W gg&/@égz:@?: PCT/U_SZOOS/O40049 The cold welding seah{;l@?f)%gg%% o)

the present invention may also be employed to form a clamp for a
compressive hermetic seal. FIG. 17 illustrates an embodiment of a
hermeticstal Sysitnel2 JowkraeraceH gdeaanes GRaoVEIeih SrEErrave
desipas s (Raamna AU BaEssiRfeedb MaleHakiNG LR RRNO 5

substrates 292 °and 294 and create a compression hermetic seal, The first
joinpestagetiorebydbe AUEkoR G4 TBFISh CTHEBRIGRITHSHFO T OF FHaTHHS, 20

strughie desigia Thenongusrertionehiiaminint Riictie #86iga water
comprisés a heater'300 on the second substrate 294, a intermediate

fayerestabinn et e ISR AR RTINS ISR H RORTARSPA SPHE
intermedintat ayBimiheAe rpiassitecsealcnrteriabit I0odamaprsumers
cross-section and is (ﬁﬁfose on the stecon(f*l sugst&at% Y 94Sigetl\6v%en the
tongtT FHBGFGBVRE QAP B8 SHEE bR L HR SIS T he S cove joint
struciirereidive firstesubstradiia 2ris-thengdiredotrefongussoihtd joint
structure of the second substrate.294 usi r ig9n, banding,
clamspincgnﬁ?g 6 %%rfé}s?s ocﬁ!féésa%’%é?eahcg?%r?%%%%%p%sqﬁ%e}g and :

Ifbrr'rﬁh_@@hﬁnhsmletic seal. It should be clear that any of the features
described fﬁfﬁ%\f@’%ﬁ%é@%ﬁ%ﬁ%&%@%ﬁl&%@n‘%@@r%ﬁ%@ using

addition o

without the ad eat. A cold weld clamp would not have the
requiveRERI GRbSEREEE JaBECH R RSP HIABHGHYSHBCE Lo Herbe
subsiiales Jogsihakiodarentas 889 rdbuanatber anakedinentaghdant joint

shown), the compression seal material may. 20 be disposed an the .
secoHtPslstisrE B thd EHEREH B B RITeaSLHATS HhiS TRy the
tonguspRdHIEReYe Clampreibahiauieabe tha darsioaghhaie eryihatiheThe
stresses_ on the substrate materjals will differ depending on the placement
of thE EBRTp RS T SR S S e Suarier
polyrniersumayiceplaesainhofo’’ theumatad joild steld-turms andchijvinimgual
surfaces in the embodiments ribed. abov R eiﬁaﬁﬂ
mecﬁqgﬁlsssﬁ% ortgglgﬁr]{lgl%r?lrﬁSﬁ%%?&p%ﬁ%rﬁ%%eigo?\%@%?g}#%%%é cold \%%Iding,
the effesstof ipplaingy ane sbrvpino fagiwiey. from

20 Apnplications of the Bermetically 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 fo
standard MEMs processes and can be incorporated monolithically into the
MEMs device. Second, an array of closely spaced reservoirs can be sealed

25  simuitaneously. In fact, entire wafers of devices can be seaied 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 1s 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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adjacent cavities or external contamination with seals is the same.

Compliant polymers can require significantly less pressure to create a
weealdhbsndhe pressure 30 required to create plastic deformetipfsacasseig4e

weld process. Traditionally compliant polymers have been poor choices

to seal in applicatjons where water 33 WQ 2006/Q 163 hernical
PCT% %"‘2&?%?821 Sp%r a%lét‘f}gﬁ%cglﬁtigﬁ.gﬁoeﬁe%%er, r%%seeﬁ’tcag{/nécnces
in pedysosy elemisttiybaletprdcuced polymers that have been modified to

significant E‘?:%%‘!% 8L BE%H;%@HQ&Q@’&%@QQM&&?%{D@@M&& egEamic

particles. For example, an epoxy modifie 1 by the addition of carbon
nanephitittegetus ta foporedveaier hsrpeherdbitiens patdexiredLf of e array

magpifude lowar than caDKEHLIoNALERAXIES ofemRRliank RobIRarSeals

require selection of low Young's modulus polymers and minimization, of

the siriEacsyAtAas BREOIHPEINE SHE R BT H6n freSShi S FUaLer
In adgifion,RcEeashae e AuBRT taiieumact nadions, Gkwcttidsyeay

create pockets which act to significantly slow water per eation .10
throd g fRE RZRE IPIE Mﬁeﬁ%%éé%ﬁﬁﬁ%ﬁ S g;i’ %{igerﬁa &s can
be psastinge usingeciingiexjaint Stavetsse: desitierd donsintiplei e dlirdant,

oint structures to mitiga otential fabrication t It
e BPRIGHE BT RE TR T S et e S e Ay (R e
multilé jaining smiacgsiacsininceednte tochSlwelishiahkmigintshyctures
therefore increas f i . .
B e e G B
substeatedteteriaisintyrtstuesdgoirad @aeémw@rw%ﬁﬁl%%ﬁ%@éﬁd ual

stresgesiabirmain i he subsivate ftertba caic walsprasessuinahusing
stresses applied by any clamping features. 20 Aunlications of tEe &@8
[

Idernmetieeiy il DEORES SSRGS FIRECCBARETaRT:
has adapraberief advaniageRds dpempefRnth dpseteasingianthe sensors 320

manufacturability, First, the sealing features are amenable to standard
MENRE 6 EEEHE BTSN ey oﬁﬁé%“?ﬁ‘é{r%ﬁtﬁg%ﬁ? io the MEMs
deviggeip@ieensh RRalayhef elesebrspacatiireSeneoihs eanyhe bemteticaby
::mﬂg%lgtggi%?%niﬁ%?tésel %E%X@J ?ﬁ%"?&gﬁ/iﬁz?sssggé}alegdstﬁgls%gsors 320 from
20 each other and from the environment with hermetic seals. Howsver, the
reservoir caps 328 may be later opened to expose the sensors 320 to the
environment. Electrical connections to the aciive component 320 may be
achieved using vias depending upon the substrate material and fabrication
limitations.
25 FIG. 19 illustrates a perspective view of an smbodiment of a multi-
reservoir drug delivery chip having an first active layer 332, a passive layer 334,
- and a second active layer 336 . Lavers 332 and 334, which are shown separated
to iltustrate 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 techmique.)
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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

wohashyayrface of the internal wafers. In addition, active dewiggs £afld§o
integrated with passive devices by passing feed-throughs under the

sealing features. 30 Finally, since the process does not involve heat,
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dielectric ongue Joint stfuctures 324. Dielectrics between
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SIMPligitynsTRERG et Otanae-iaial Siigiciuie 5632472081 i9R:00 Rfietal
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326 and openings which are aligned with the sensors 320 on the first
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e B e
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Compriddma Hwetadiizattahsiwyeri3élingupseryeipdaps3R8-Tmusitibat is

array, gf %%%g&%% FqaRg e vieRs 3% fﬂ!}iﬁ%@é%{ 748085 3g3.

separated the sensors 320 from 20 each other and from the environment
with Femmeiicsselssemdélanainee sozapidizedpsBReidH e scal
openggdda.expose the sensors 320 to the environment. Electrical

connections to the active component 320 may be achieved using vias
depending &Y. SOBREBE AT SNt SabiEayRd) or laser energy can be

20  used in a process to bond a metal with a polymer. This application of acoustic
or laser energy can be 4appiied to methods which bond 2 metal layer/coating onto
a poiymeric subsixate, or alternatively, bond a polymeric coating/layer onto &
metal substrate. Examples of polymeric materials in these embodiments include
finoropolymers, such as expanded polytetrafiuoroethylene (ePTFE), or a hiquid

25  crystalline polymer. In one embodiment, a liquid crystalline polymeric substrate
{e.g., certain hermetic LC polyesters) is bonded to another liquid crystalline
polymeric substrate, or it is me;tallized and the metallized surface is bonded to
another liquid crystalline polymeric substrate or another metallized surface.

In further or alternative embodiments, the sealing concepts described in
30  U.S. Patent Application Pubiication No. 2002/0179921 Al to Cohn can be

adapted for use in the hermetic sealing of implantabie drug delivery or analyte

36



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

- wdassiveayer 334, and a second. active layer 336. Layersg3thaneh8adinss
- which are shown separated to illustrate the joint structures on layer 332,

are (to be) bonded by compression cold welding. (Lay; 4 and 336
ne SHTHBAPRIS GRS %Wﬂéﬁ%éﬁ?ﬁg&é?)a%g%d%%/oszms
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seal systems having various polymer joint structures 346, 350 3660 370
3820wt e pouitbaiRlals 1rfeRhingRirieR S lisaies Mg 0470099355,
38383 089A 0L sRseomelabmetakiends-arecbpbierraed:by shear

deformation, but by the mechanism detailed in Ferguson et al. Hermetic
1&eale{faears-340 maximizes the contact area and leak path length.
Hermetic sgatsysteim366e: mintnizesithe:Cortact areathinitnease! the

local pressure,when displacing.the surface contaminants i 15
T e A
is netfainicaredicriabansthébtabes Tiserprasidfih inefiedesth resstaitized

suriace 383, Jdermetic el SN0, I8 SHAREISHEC A fan

metsfize ga eal system. In certain embodiments, acoustic (e.g.,

L filtrasttrdiecttbereneigy wan 48. JBhededinidesrotes o sHS T A4
with @, DOIG! ENis ARRICAEON0f AEOLSHIGOLIaser BREFIMCANDE sealing

applied to methods which bond a metal layer/coating onto a polymeric

I
substeEaby HiferRanEy e siier SpORThENE 8RR GIARII P ETate 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 hermestic
seals separating the individual reservoirs 404 from one another and from the

25  environment.

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 deliverv 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, & pump, a catheter, or a combination

thereof. Examples of some of these are described in U.S. Patent Application
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metal substrate. Examples of polymeric materials in these embodiments
include fluoropolymers, such as expanded polytetrafluoroethylene _
wiERI RN a liquid 25 crystalline polymer. In one embodimgat, & Jigkifionss
crystalline polymeric substrate (e. g., certain hermetic LC polyesters) is
bonded to another liquid crystalline polymeric substrate, or it is metallized
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reference. FIG. 21 illustrates a cross-sectional view of one embodiment of
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20  stresses in the joint. When the joining surfaces 612 and 614 are aligned and the
substraies 618 and 609 are compressed together, shear at the joining mterface
exposes clean metal on both joining surfaces, creating a cold weld bond. The
resulting bond creates 2 low resistance electrical connection between the first
metal laver 602 and the second metal layer 606.

25 1t shouid 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 matertals described herein may be

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

with appropriate mechanical and electrical properties o create electrical
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selecting an appropriate material. In this way the reservoir contents may
be optically probed. The two substrates are then joined together and cold
wivelding: &t the tongue and groove joint structures 414/412a@ndbddmincas
creates hermetic seals separating the individual reservoirs 404 from one
another and. from the 25 environment.-In some em%@glments the
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without heat. In one embodiment, the bond structure formed by
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layer 606. he WI th 0 the tooth exceeds the width of the metallized hole
by betaiemais BOCGMPTEREEr 68K S6d4BY- of the seal structure 610 through

substrate 604 isshewmh e fecianguiar iy tinRavheany shape HBIGS.

can be fabricated usmgl micromachining or MEMs
24A-B. Conductive leads 702a, 702b are to be elecmcaliy connected to iraces

20 704a, 704b, respectively, on substrate 706. Bach conductive lead 702a, 762b

has a diameter greater than joining surface widths 708a, 708b and are aligned
and pressed into seal features 710z, 710b. Seal features 710a, 710b may be
formed by etching trenches into substrate 706 and then depositing a metal layer
704z, 704k in them. The frenches are wider at one end, which provides space to
25  appropriately relieve strain in the conductive leads 7822, 702b using epoxy,
silicone, solder, or other polymeric material. The space also allows the leads to
lay parallel to the top surface of substrate 706 cven though a smaller area of the
trench 15 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 710a, 710b through
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- processes to maximize coverage of deposited material and reduce
residual 20 stresses in the joint. When the joining surfaces 612 and 614
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that isreealiffareptrimaleraldhanidanihe samlecascdhesihaiarinyef thedeiringr

surface. All the sealing features described herein for,, creating.cold weld
T e A e R e
electijercenhentienmimaydié esbhtedimprassial eleeirivgingnteattional
MEMS processes and/or micromachining, t i tern mefal
and to Grenls DT BE SR A SoinedD ARSI SO RRUE RISt
featwigeerdesceibedet @:éman_alsmebmumd_ém mﬁcsmém@bmisébn via or
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with hermetic seal when 10 two opposing substrates are compressed
tbgettrastimctinpate paetaRaen el MagiBtladvantageous to have sloped

side walls. oS IRINNAIALIERARAL% 60 Dete-easily accommodate
deposition of the first joint surface 612 Furthermore, material deposition
may occur SHBFHESMSBIEAR 618 of the first substrate 604. This is
one methodohensmeEbgidenpreRebmsieHaldrpRsitomnihsesghotl tetida,
hole 607. FIGS. ZStﬁQd 2 Burther illustrate possible.embodiments for .
electfi€al substrate, that meludes one or more reServoirs for confaming reéservolr

20  contents sealed in a fluid tight or hermetic mammer. As used herein, the term

“hermetic” refers to 2 seal/containment effective to keep out helium, water
vapor,‘ and other gases. As used herein, the term “fluid tight” refersto a
seal/containment which is not gas hermetic, but which are effsctive to keep out
dissolved materials (e.g., giucose) in a liquid phase. The substrate 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-deformabie,
and disposed in an array across one or more surfaces (or areas thereof) of the
device body. As nsed herein, the term “reservoir” means a well, a cavity, or a

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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vias made by compression cold welding. One embodiment of an electrical
wire connection 700 is shown in FIGS. 24A-B. Conductive leads 702a,

wiPRbsRE8AQ be electrically connected to traces 20 704a, 70485,1:152005/04004
 respectively, on substrate 706. Each conductive lead 702a, 702b has a

diameter greater than joining surface widths 708a, 708b and are aligned
and"‘{#@%é@%ﬁf@@é‘épf’éﬁwge@?l@é,W&’GE?@@%PF&&F@?‘@?*?&OH{ 748

mayQgnriarmsed By eishiglsrachesingisubsim iR anthiand depesiting

a metal laver 704a. 704b in them. The trenches are wjder at one end,
whicHP BRI S 2L 9BAHA5H ﬁgf@@%gi%yg@ﬁ%‘i Fonductive
leademiddan @2 thetsing: epRXy resitiasingeselde retiradiranpatytaerition;
~material. The space also %I ws the.leads t eIa\g{ F.%%ag%letol Ighaes%ﬁ) S é{g&e
of sUBSHR R KSRGS BRIARER S22 0 the French s Lsed 16 '
create the Bekdnweitd tanthe fbrichietive detmisthiFhoteydwdienshsovgratiaving
2 circular £105% SSEOMIONENEL, A RS S anelion.ahiahiadion
e e

formlng a cold wela or com I‘eS_SIVQ seal as desc I (?I‘el_l‘l may
usededtnégues sechuistiMi M b s el G DIEASSST DO OFLTIS AP IGPCST W OF

200Qf&%@ﬁﬁ&&%&ﬁ%%@é%@&%ﬁ?%E‘mﬁg&%ﬁ&&& ds;shawn to be

rectangular, but it maybe any shape that can be fabricated using
IicrammeiaminmgprosBasicoiilimg)sarbRaidar 5 RRIMPR OIS BFh
depogitetnaigtiabanedriaasce-rasituaksiassah i iR iAnthd Mervoir

alternative embodiments, electrical connections maybe creatgcgi tu@%n he
laye

elastBIBHGHTER B HretedAutRHGR RAHS SRE/STRIE BBMAIES ace.
704agxdRdsaihacthascelthwaldthycaosd ecpyeBsdibsiolsictipnitting
capture. The conductive leads may be formed of a single material .
N EEGHL O VB Pt A RIS ConfBE i AR e gpics
lifisulahingd ayéradeobatsiveatick, Qm dyedifficieiM Sl afehmdth eninsuiwtidng,
ayer o expase e addeivelsaipHIdeineall Rt cRale &Cold ialtks
or compressive elettrical connection. In alterhate embodiments, )
non-teckiirsetiibietiubstrieanss; astichions avaiverafmpregiste N poraveother
mayheised inAacs alsngtallaver sdnibeviaan HirtCORRections for
described above. In a preferred embodiment, the materials of )
example, U.S. Patent No. 6,123,861 and U.5. Patent No. 6,808,522. Various
20  polymer forming technigues known in the art aiso may be used, e.g., injection
moiding, 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., fitanium, stainless

25 steel), ceramics (e.g., aluming, silicon nitride), semiconductors (e.g., silicon},
glasses (e.g., Pyrex %, BPSG), and degradabie and non-degradable potymers.
Where only fluid tightness is required, the substrate may be formed ofa
polymeric material, rather than a metal or ceramic which would typically be
required for gas hermeticity.

3¢ In one embodiment, each reservoir is formed of (L.e., defined in)

hermetic materials (e.g., metals, silicon, glasses, ceramics) and is hermetically
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15 construction are biocomparible and biostable. Further Details of the
Multi-cap Reservoir Devices Substrate and Reservoirs In one
W%mpn%%@_%g:, the containment device comprises a body pqr};ggmé.z%ﬁs%‘t%g
rate, that includes one or more reservoirs for containing reservoir
contents sealed in a fluid tight or hermetic manner. As used herein, the
terndiiat meticisefeis tapa Besiaunidemdstreffoptteiikdgseupdidicmd
walels JAROL 306 QUNEriRTAR A uSRG Detell. U GitRrilu ddiGhirielers
' = atl 1 " a 1 i2dly
to asuslgaa coonté}%%ngﬁ?vl\?ﬁ%%:ﬁs not gas hermetic, but which are effective to

keefhostbeivtolydormeterfias . 509 hevsejdrmatitale Jhesebitrae, or
subsiiale, ARG 1625 SHEH RO I8, Rafhehd desaliswhich the

reservoirs are formed, e.g., it contains the etched, machined, or molded
Fescigonaiclhipraraprigle MBtsHithErs, 15 FESERIGH SR tsepdiie like)
non s mablGenaneAise osaeHN AR AN FRY: BEIASE RN AL SWjaces:
(or areas thereof) of the device body. As used‘?hereir), the term " eservg{r"
e BT HTIEA ) 06 38 P SHTRAHIe SO BBR A KPR g &P

releasiigyeXFaB gissRrecis st s ihicaonataiiat, suehibsmatdrugied

formulation, or a secondary device, or. subcomponent. WO .

P 0OR PSS SOOI RS e R AAd o eril, such as
1Materia(aey oot @semi@opelm&tmﬂmogmmm%gmm&i@mWS a
plurality, of th Rt [Rsatedindiserets,Pasiinns agless ddeaskane

surface of the y portion. In-another embodiment, there is a single
resensoiripenesutpedisapvbiths b BOMIGRCTS: Obab ISP Eacab et dcast
these pRERS G WPesadionRialina Rgle e VikacReserouRraRbe

fabricated in a structural body portion using an)i%%%:itable fabrication
techaiue ReEewRdAEeent REpIEEHafiiraBrosishcilmsticdificiude
IMEMgifabhigation processes, microfabrication processes, or other
micromachining processes, various drilling techniques (e.g., laser, 10
mechanicai?%ﬂl?ﬁﬁa@o‘iﬁ%}berﬁﬂﬁ'@?fléﬁta ﬁ%ﬁﬂ%&gf’:}?ﬁﬁ ﬁéﬁ%%?géﬂﬁoﬁu%s?

suchcas 17 GGriisv temnepiitiecedited aefamicshidhstiagteabtié be

reseryoir pptionally can be treated or coated to alter one or..mor
propé 8%%??&? gg?%a%e%na acgment sur?ace.%vanous embodiments, the

substrate or the containment device is in the form of a planar chip, a circular or
20 ovoid disk, an elongated fube, a sphere, or a wire. The substrate can be flexible
orrigid. 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 substrate 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
differsnt 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 in 1.8,
Patent Application Publication 2005/014%000 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 & low-temperature
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Examples of such properties include hydrophilicity/ hydrophobicity, wetting
properties (surface energies, contact angles, etc.), surface roughness,

welmetrizatst5 charge, release characteristics, and the like. MEMSsmethouss
micromolding, micromachining, and microfabrication techniques known in
the art.can be use bricate the substrate/ [rs;fr i
ma?gféﬂg]ﬁ?ﬁ?ﬁaé%%i %gﬁeorr (r)f%é? %%%nl](lr?g\‘/lv%iﬁgt e art%izlr{lg so be u&s%%%
fornnéhedeserioirss Beappporeiamplisresisy Pevinst Noos: E22086, Bk
U-%E&%St”tié\‘ ohgb 0(%,%%% I\l{arious 20 polymer forming techniques known
in tRE art also may be useé}, e.g., injection molding, thennocompression

molding, éxtensiombaficemé Fiteen arvaaio sebstmdmReriendre BauYortion
of the containment device. camMprisasaliean Ameial aseaamic, a

polymer, or a combination thereof Examples of suitable substrate .
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yrexTM, , and degradable and nop-degrada olymers. Where
; ke B
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polyinetisi e atarialssathan dsahmimediit e edsssyiontilchue glale, tynigally
be required for gas henneticity. 30 In one embodiment, each reservoir is
Wom%Z%S&%(E%:, defined in) hermetic materials (e.g., metals, silicon,
glasses, cékanigsisant thibioreaetivdiissctoin @ ROB6/OEDT BRIcased by

PCT&H%@%S%%@%&% %@E?éx%dopﬁé?e{ﬁ%{ﬂé&ﬁ%%&m@%g&ﬂ&.S‘FHétfate

material Is"biocompatible and suitable for long-term implantation into a
patidnvi¢s taipkatesraderhiseidira datumecs gpdl ETRGE FRE@RBN TP e

he r%ﬁﬂﬂ%ﬂﬁlﬁeﬂﬁ%@%ﬁ@%% aPertignsHaerealomaybenseatedrhe

encapsulated, or otherwise contained in a 5 hermetic biocompatibled .
LinateHe 4l gummeh YTeiras s thiariaa AR ke Bifore ygammodate the
Nonzhermetindairrials mavkeicompieiehsanates with-eclayesppliaation,
hermetic material. For exam Ig#ﬂaf%ggeric substra etcoulg %gggi&q%i@ .
metdReESEHFHy I8 Wﬁﬁ%’ﬁ’a‘ﬁl}@ RtEar S SO PO COMpATDIE, Bieh It can be
coatgdptitaienaapsiiatesd:; oratheriyiserpomiained jriaivempedipts.
material, sych as 10 polyethylene. glycol) %ﬁg@&gg&e& lengdikeino 4
materials, g’f}aﬁ%ﬁ%ﬁ%%&bo Rl § B &
20 planer sensor, the substrate preferably is relatively thin, as noted above.

The substrate can have one, twe, three or more reservolrs. In various
embodiments, 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 gach reservolr contains a single

25 dose of a drug for release. In one sensing embodiment, the number of reservoirs
mn the device is determined by the operation life of the individual sensors. For
example, 2 one-year implantable glucose-monitoring device having individual
sensors that remain functional for 30 days after exposure fo the body would
contain af 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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carbon, silicon carbide, inert ceramics, alumina, titanium, and the Mike,
before use. In one embodiment, the substrate is hermetic, that is

wiReEmeable (at least during the time of use of the reservoi-4ayise)sifioss
the molecules to be delivered and to surrounding gases or fluids (e.g.,

water, blood, electrolytes or other 15 solutions). The substrate can be
fornvegriites ¥otamgeidheres B SREREI NI AriREEN B hesHEmAR of
have,a planar ps,cunved Sukiagecvdieh Jox Srasmnie-saidcheushapekte

conform to an attachment surface. In various embodiments, the substrate
or tHeayorREPTfeReeciiEdsSIY B RrAPeH&planar chip, a circular or 20

ovoid disk,;2Q,£lengater b e ArsRbEsRs Bfeanifer-ihecskbstiate can be
flexible or rigid. In various embodiments, the reservoirs are discrete,

hon deteRTFaBTE T a i dRS P SN AN SR A RS L0 FrieB P AT P St E Ges
(or gasdhaenohanHimplantableanedicat deyice. i hesthbtditaamathe

consist of only gne material, or may be a compasite or, 25 multi-lamjnate
mateRATOIRTTO  BANT 6 PO S50 0l o SRR A0 R
subsitate.materials thatmee siopdertdogethes. Subsk atePiionscande,

for example, silicon or another micromachined substrate or combination of
5.1 g

micr&FREERARPRAYst RS §udHRESHEEn S GRILE Bag MU B EERiSh

10.S. ahakent Applisation Rubbcatiom 20044900861 8L Ratent The term
6,527,762. in 30 another embodiment, the substrate comprises muyltiple
SiicoIERERE FEEF OB SHETDT GEahBINE Erbbdmen e SHBHATe
COMRBRSESAIRUEIRTIPEEAIES ARIWRIA006/022768.R2 CFHISR005/840044

co-fired ceramic (LTCC) or other ceramic such as alumina. In ope
ety e

emb&RIFRIMETHREILRAY B0 stttk WipPortfotl ARRITEERBIR

one examplanthiss SuRstEatenisdormed:ef sicen. nere.gabadinentions of
either or both substrates to be bonded may be 5 formed of one or more
I§lassEs MHFRIRSATESRH BFRELTSITG IR BRI A AR S WS T3S
desirgbipde, ViRW:L ReFROBIE RAsobieciibsmaterist dhstisssantained
between the sealeq sub§géates, e.r%.?,]ain a cavity or reservoir. That is,

wher& Bt FRTe At G T FEH Rt tight window. Representative

In one embodiment, the reservoir is formed in & 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” 1s 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 ul (e.g., greater than 600 pl,
greater than 750 pL, greater than 900 ul, greater than 1 mL, etc.) and less than
5ml (e.g., less than 4 mlL, less than 3 mL, less than 2 mL, less than 1 mL, etc.).

Unless explicitly indicated to be Hmited to either micro- or macro-scale
volumes/quantities, the term “reservoir™ is intended io 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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examples of glasses include aluminosilicate glass, borosilicate glass,

crystal. 10 glasses, etc. Total substrate thickness and reservoir volume
w&akbesiieseased by bonding or attaching wafers or layersmafisubsirateccss

materials together. The device thickness may affect the volume of each
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reservoirs are arrayed across the substrate. For instance, ane
embBaTFHShOB AR RE ARANICTFGE IRRTERS HSIRS FRITIBY FEERSS0
and JRaheser s ER-sarh se seranihcontainsasinge RSdaseolrs.
drug for release. In one sensing embodiment, the numher of res%ﬁ’r?fxﬁ in
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For expiltple; @ inensdabimplanidble gt osfirionikding bkt travings,
ey Sepeare Al A InElaNRL faLRO. Aays pllergxnaaure to the
ody would “contain at feast 12 réservoirs (assuming one sensor per
reseRes)voir anpshpr @6 semposmitodifanmesialseanalshbafasrethey
sens - r [ ' iSNiRimized, preferably
DT s e o e e, prefere
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electrodes of a typical enzymatic glucose sensor may occupy a space

that BFRS0°RS BYS00 GRASHIFGI GG, SHETES AR

minQé@ﬁg@&Q‘}S@eriﬁeﬁgE}]&a@ﬁ@lﬁaﬁfmr" is a reservoir suitable for storing

and releasi%iq/expos.in a micro uaqtitSy of material su&h,as a.drug
IEServor SV

formulation 4R SHE BHALBIRSHE tHE T CAp SUppo &Hous

20  configurations over ifs reservolr contents. For example, one reservoir cap

[T MO .21

support may span from one side of the reservoir to the opposite side; another
Teservolr 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 In one embodiment for a sensor application (e.g., & giucose sensor), the
reservoir {(of a device, which can include only one or which may include two or
more reservoirs) has three or more reservoir openings and corresponding
TEServolr caps.

The dimensions and geomeiry of the support structure can be varied

30  depending upon the particular requirements of 2 specific application. For

instance, the thickness, width, and cross-sectional shape (e.g., square,
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microreservoir has a volume equal to or less than 500 L (e.g., less than
250 L, less than 100 uL, less than 50 .tL, less than 25 L, less than 10 L,

weltoh@mdrgreater than about 1 nL (e.qg., greater than 5 nL, gregientihansdéyo
nL, greater than 10 about 25 nL, greater than about 50 nL, greater than

about 1 4L, etc.)..The term. "microquantity” refers tq volymes from 1 nL
R e R e R e
.SL. kregetleesedmiistidinerstpetieinniitm furarutityiism be twekntdion siendib00

nL. In still aﬂgggg;ogr&%Ment, the microquantity is between about 1 L

and 500 .xI . dimensionq of 15 the microreservoir can be
selected to Fetisireotcnmisiis 2z cosralcaliv eay vbinmt entthiéctrlithanantedato

(or sgRSYIALLINS ISIRMal £oRIeRt ARG S Ul dRg SHHacs:Ofike -

macroreservoir. I one embodiment, the reservoir is formed in a
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The "macr@eserfaiittisnntestisaiistitableif ebatentngaibths a catalyst or

leasing/exposing a, quantity of material larger than a microguantity. In
it e e N
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embodiment, the device comprises a microchip chemical delivery device.

1A ansMEIENRPRURTENE pRigeielire mas oRsly it relensss Bradlices
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based materials that might not be referred to as "microchips.” In one
embotiTeht T HAGEE O AT HERETh STGHE plinp e RarisiEanee
DUR@Silnadosttibt chp weagrieeh fologytAlza Serpesataipnincluded in

commercial eyices, gt a5 8. ADUR Il Gayer Hepltcare,

20 maximum aliowable transport rate of a particular molecule (such as helium or

water) for a particuiar 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 melude essentially any natural or synthetic,
orgamic 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 slurry, a lyophilized 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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5 Pharmaceuticals and Alza Corporation). Reservoir Cap Supports
Reservoir cap supports can comprise substrate material, structural
whalgliRh-e§ coating material, or combinations thereof. Reseit aps 040049
supports comprising substrate material may be formed in the same step
as the reservoirs, 10 The MEMS methods, microfabrication, micromolding,

and microbha RGP ARSI B FRVERSL LR B &
fabrigaielshersUbsiiaig/rReenleiien ias weplipasitienaha vorapisexpdtg, ffom
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cap support and span the two other sides of :he reservoir.,
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reqdﬁmﬁf%gsﬁﬂﬂﬂ?@’fﬁﬁﬂﬁ%‘%mgﬂgti the rtlcP1ess S width,
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ug release |ne CS or a certain drug

formuslaticnd Goimiplasdetion:siterete. reservoirs or they can each be stored n and

20

30

released from different reservoirs.

For in vitro applications, the chemical molecuies can'be any of a wide
range of molecules where the controlled release of a small (milligram to
nanogram} amount of one or mors molecules is required, for exarple, in the
fields of analytic chemistry or medical diagnostics. Molecuies can be effective
as pH buffering agents, diagnostic reagents, and reagents in complex reactions
such as the polymerase chain reaction or other nucleic acid amplification
procedures. In other embodiments, the molecules to be released are fragrances
or scents, dyes or other coloring agents, sweeteners or other concentrated
flavoring agents, or a variety of other compounds. In vet other embodiments,
the reservoirs contain immobilized molecules. Exampies mclude any chemical
species which can be involved in a reaction, including reagents, catalysts (e.g.,

enzymes, metals, and zeolites), proteins {e.g., antibodies), nucleic acids,

47



Reservoir Contents The reservoir contents are essentially any object or
material that needs to 5 be isolated (e.g., protected from) the environment

wBUiigesofsthe reservoir until a selected point in time, whenyisiglgass, 840
exposure is desired. In various embodiments, the reservoir contents

comprise (a quantity of) chemical molecules, a secondary device, or a
comBRIEHSAP TSRS PPt of e HAREITRIAY BF L EfaisaUs SR SaHtcRRlcteh
as awaiglyah intfcsersobigensialigdnes not require release from the

reservoir; rather their intended functjon, e.g., catalysjs or sensing, occurs
upon expoi%\%%‘f%ﬁé olrgélg%?% ‘?cggﬁtﬁcﬁtgei%gfﬁéaéjn 'rd)‘ﬁﬁ?ésl’f SUESTOEEE the
- reserusitrafien opainih ghotathe f etesvoirTliapmitbsniitertataly e tieieutes

r sensing component ca eleased or, in, immobilized within
o R oV B S o e AR s,
ofterphaffussadronsetinslebuducirom thevidsseneinad frdentojagsiroricase

the dayiee Aode Sl YRR S0 SR K xete e aneieEllShnin
on a patient. However, the drug molecules may be retained within the
reseR/BTITOR COPRIMSHS Walfer epplicatissiar desemaierabodfiseits active
hermefiGy nhiah: isRICaIb6sief 'ﬂﬂ@%@&’@o@%ﬁl%@ﬁ@rﬁﬂﬁ% lSrers

er

transport rate of a particular molecule (such as helium or water) for a

Farti GRS PRI R SFHRE SRig s oRse Aol TR ERInS (Y PR gon-drug.
whethefearesesvoicds soasidarashhalmetislsanvaty aaoRg diferantu.s.

applications_of.the device dependin n the particular demands of the
DA e RO TR Do E L b Lo A ERIS
essehtmtly mnyfastoral or synthetic, organic or inorganic molecules or
mixtures thereof. Egemrznd%le%les may be in essentially any form, such as

a pure solid or quu&a‘geq‘ior%%ﬁgogel, a solution, an emulsion, a slurry,
@lyophilized-pesedéeronasisp enplontiTindinatié citeswofejtherestmay be
mixed Wi atet contr / ime
B S
PCT/iPsptbayeewneiln & preferberantmodinsrmondavaisatonis eonmepitsr

COMPYig@:& @Bfhonent thereof. As used herein, a “sensing component” includes a
component utilized in measuring or analyzing the presence, absence, or change

20 inachemical or ionic species, energy, or one or more physical pmpeﬁies {e.g.
pH, pressure) at a site. Types of sensors include biosensors, cherical 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. Examples of sensing components
include components utilized in measuring or analyzing the presence, absence, or
change in a drug, chemical, or ionic species, energy (or Hght), or one or mors
physical properties (e.g., pH, pressure) at 2 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.
2005/6005676, which is incorporated herein by reference.
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formulation. The drug formulation is a composition that comprises a drug.
As used herein, the term "drug” includes any therapeutic or prophylactic
w@9RRike:@s an active pharmaceutical ingredient or API). IbeR€s2003/040049
embodiment, the drug is 5 provided in a solid form, particularly for
purposes of maintaining or extending the stability of the drug over a
commerciéiy BrderrsbraRIRdizasth aiREce i preNifi et srRjeRtiou i g
deIiﬁ@ﬁgﬂ@%%ﬁlﬁh&ﬂf@;ﬂéﬁ&ﬂﬁﬂ%&?)Qﬁ@?i@ﬁ?%i@@%oﬂibﬂ?%iﬂfﬁ@t
matrix may be in pure form or in_the form of soljd particles of a er
matsAE FRE R AT ARGIERTEFiS m&%&ggﬂ%ﬁ%‘#&%‘&n B]rttli s%%’r?é:joﬁﬁ{ one

10 embeslineskdnedisigdsatoldie csrpentide.of xanyslesie|vadeium,
glycoproteins, enzymes (e.q., proteolytic enzymes), hormones or other
“anafb gL arBEHRE TR R é@%%ihig E’@?—a%rl\%iﬁgﬁ%sl , Iﬁ?l ?%udlr hacrosis Tactor
inhihﬁmsbo&ygoﬁiﬂésf(élggaﬁe,nﬁ?-, or y-interferqns), inter_leuld_ns (e.g., IL-2,
s ol SeERORGEll {RlAIeH S BRRICS(5.0. Inflllnofxenalde,

PYS', GLP-l and its ang?ogé). reservoirs in one device can include
a singiedy dedebrmbinaterrobalicdrstas aoiogsidha cratians ahiFddént
formylations CanRe St ALeRIQ0RIBE LA NI CAs G ILOMHDG S e RNEBfed

more reservoirs or they can each be stored in and released from different
1Peserv s G PMAVRFSBHICENGIFENIAE &R ERRIC 4RHRS SRS LN (B&-any of

a wide 20 angsaf Mmalesasyvhele:thecontiliegoraleaseeola simels a
(milligram to nanogram) amount of one or more molecules is rﬁ%gired, for

exaPTENA %ﬁ‘@%é&%ﬁ?ﬁ%‘ﬁﬁ%ﬁ@?ﬁf?ﬁp& hEHEA GG o8

Moleghlggigrnibe afiectiveotdphbitdfenibg-agentsotdiagndstiglssagantae

and reagents in complex reactions such as the polymerase chain,reaction

or ot P TR CRHRTIACAO: o PR RE o s can i A
lthe materigsdo be released are fragrances or scents, dyes or other

coloring agents, SRENSR Aotbet ancaniated: IavalNg agRe G @
variety of other con?poun s. Inyet otherembo iments, the reservoirs
contagmdnuripitiviecs teckselieihia dempienirdadesaripiehermibar speicies
which can be lnyalyerin.a reachion. ncuding IRagentsneairlysisited-, 30
enzymes, metals, and zeolites), proteins (e.g., antibodies), nucleic acids,
A7 \WGPUBBFESPTES PP ST9S/G2igesor mformation may provide input to

20 the controller to determine the time and type of activation sutomatically, with
human intervention, or 2 combination thereof. For example, the operation of the
device can be controlied by an on-board {i.e., within the packags)
nicroprocesser or state machine. The output signal from the device, after
conditioning by suitable circuitry if needed, will be acguired by the

25  microprocessor. After analysis and processing, the output signal can be stored
1n a writeable computer memory chip, and/or can be sent (e.g., wirelessly) tc a
remote location away from the microchip. Power can be supplied o the
maicrochip system locally by a baftery or remotely by wireiess transmission.
See, e.g., U.S. Patent Application Publication No. 2002/0072784.

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

inciude drug molecules for reiease and a sensor/sensing component. For
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polysaccharides, cells, and polymers, as well as organic or inorganic
molecules which can function as a diagnostic agent. The drug or other

wiialreuiessfor release can be dispersed in a matrix materiah 9 60nis0hihg:o
rate of release. This matrix material can be a "release 5 system," as

described in U.S. Patent No. 5,797,898, the degradation, dissolution, or
diffuSHGPYo T BRSO QFIFENIER S PREORM L Fdth RSt dB ATBIRRG R can be

releag@cratadfig-chemisah- Mol andesnds: R QREBEH Bapitheat wath the
formulation within a reseryvoir comprises layers of drug and non-dr
mateHFAICA R 1SR AT SIS THEEHS T PiS @95%@&%3%@5% i
conteriRbibe HeHiie Byers IBqamvide fgligleyptilsesfatiiagg edfeade: rate
ue ta.infervening layers of non-drug. Such a stra n he used to
St o IRAE  ORED e A B R ARpIIE Georor
Publicatimg douRO04/G24¢6 1 i Abtvitic bpsiecorporpted ahéremtibyt in vive
reference. Second ' erein, - ic]
i B N S
comp@n@ﬁﬁﬂmﬁ@ﬁmﬁp@aﬁ%@e%@a@d% ses v eaild e dendientinment,
the sgeopdanudeyiar.is SARsY A% SRNSING SoMmePaaRbiRatReh aLed

herein, a "sensing component” includes a component utilized in
Iheadtfinges PamalyRiie tirspreseERichBRENbe ST chiaTgRDYiR Butil needed
chenyigaley IBRIG-SREFIBH SNRNGYHAT AN R MBS RBYSIGalsRIARET IRSHSIY,
pH, pressure) at a site. Types of sensors jnclude bipsensors, chemical

sensBfS PRFRFSicHT SRAYBTE R S SBREG: S ERO ATART HEREES Tare v oirs
furthebalgsierifpeckinsst, Schatantibloriba5ik:8a8 atd angembogithe stntoe is
sSensoQr is a.press-are sensor. See, e.g., U.S. Patent No. 6,221,024, and
No. SR TacHy SUPRER SRS M RReE e o Hamen
mr_mt#apaemgmﬁmﬁesi@ﬁsgnﬁhﬁ@@oni{bbnmnhﬂmdecem@ﬂﬂbms
utilized. in ri §ols n r ina
g e S
properties (éxgﬁspﬁ-quyﬁémi]?é?@@ absprenpeStieindthasremb Belinetihahe
sensopinaludes A cantlevesiime 3easoh.suelh A leseHs ol iahamicab:

30 detection. For example, see U.S. Patent Application Publication No.

200566056 7 INFHIEREIS TRedYIBraL St therarl eRFrardrinap clectrical signal), as

20 well as electrodes that measure electrical signals directly or indirectly. For
example, the biosensor may measure intrinsic electrical signais (EX.G, EEG, or
other neural signals), pressure, temperaiure, piH, or mechanical loads on tissue
structures at various in vive locations. The electrical signal from the biosensor
can then be measured, for example by a microprocessor/controlier, which then

25  can wansmit the information io a remote comtroller, another local controller, or
both. ‘ 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 conirol. Information from the senscr

30  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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48 WO 2006/052763 PCT/US2005/040049 In a preferred embodiment, a
device is provided for implantation in a patient (e.g., a human or other
wongmynal)and the reservoir contents comprise at least onergansIs/040049
indicative of a physiological condition in the patient. For example, the
sensor could monitor the concentration of glucose, urea, calciu ora
horfGFE P RERt FPEnTb 80 THRiERer Yﬁfgl%f?ﬁa%‘ s r%?lafusscnlﬁ‘?nor, or
othetdedily dividoohtierp atievitichio e contoorfi aemiptuntebiorndel-reservoir
substrates include at least one cayit hi qdefined.in, .
Pt SRRt AR Tt s (E R B AR Ene S
mayobersicastiyirghstdsstreadingh i spmodtioldne swateglbOeanHiFnivEEbe
vacuated or. i iner, bt . UL
ey T MRIE Ao B ho e B RIS [ T Riibives
pressuge eminstian Qtw ergineiarng §yrikEee oahrE SBRAIET R 4RBTRE!
embodiment. algast ane Ghtine berdad substrates is formed of a glass,
and the cavity contains an optical sensor or chemical compound that can
be optical\REEEVREHERAted. Several options exist for receiving and
analyzing dalasebtaingd withesecardanidryicesiacatetheithinn)ehin film,
rimary device, which, C%E %e a microchi dev%'cet or notherode%ice. 'Iéhe
i TSR DDA STE B L T A b Bt
contephiBiesemnsonsidfouhaitonssrayip tnidhisputitos20:thie bomntrotterdtor
determine the time and .Of activation a tical ith, ; ~
N R e e S S
devieeprHeré cuhtdtieniby disaricrossd direamithitp el peekagene of the
T oraRcERlRhlale Iachig. LS QR slEsaLimdhe i epce after
conditioning by“suitable circuitry if needed, will be acquired by the 25
Whicréprovenst:. itiasaiuy sls ahtprewEeeing onseigp iR Bigharsarbely
storegd, iR RIHRANE goPReLTamanthiPRNsiansanHese(e.g.,

wirelessly) to a_remote location away from the microchip. Power can be
suppflsétEstRiEd TR HARE A TERARF Y FhERISH SHALHHS P piectic

wirelgsgilbabsRissRRemSre field. chdie RagehtoApplination, Rlublication No.

Zoozé?e%Zr%Zége?ﬁical, or mechanical means). Exampleé of suitable reservoir cap

-

20 materials include gold, titantum, platinun, tin, silver, copper, zin_;c, alioys, and
gutectic materials such as gold-silicon and gold-tin eutectics. Any combination
of passive or active barrier layers can be present in a single device.

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

25  thinmetal film. In another embodiment, the reservoir caps are made of muliiple
metal layers, such as & multi-layer/laminate structure of
platimum/titanium/platinum. For example, the top and bottom layers could be
selected for adhesion layers on (typically only over a portion of) the reservorr
caps o 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 1¢ titanfum/platinum/titanivm/platinum/titanium, where the
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30 In one embodiment, a device is provided having reservoir contents that
include drug molecules for release and a sensor/sensing component. For
w2 Q:20Q6/052763 PCT/US2005/040049 example, the sgRsRicHas/ns0040

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

the device substrate. The sensor can operably communicate with the
devitey, g hatesuljbiessiitTe pradassion tyesntis e piatmavarprovide

releage., waiables: aaiding 40582 ARy MR QRHONCHaHMTR Yver. The

release, effective rate 5 of release, selection of drug or drug combination,
and tHeimeEs Thbssiasr s FoRkhainPESRIBBIRAPAR 3893%3%?}%%““&
SpeGiRsmArPIARE! thalithe shaafdNivatimpinmniationandahd thewssaybout
relay a signal to the micrgprocessor, used for controlling release from the
devidd &HdR TRh AU TR YEBHER SRR on and/or finely control the
release of L digl Manothe Divinbadithent: herdeaitizig iheRcesvone o
more biosensors (which be sealed in reservairs_until for use)
that are capL el%"é e e""égt{.]r%"é%ed%? %g%%%%ﬂ% %%%ngég%i%%%?ﬁg%%ﬁy of
a patient:oln BGeewaEriapenrareigflardsbie meticar devivabtisigebe

rese%?é@o&%%%%@ge?e&%ﬂﬁg%ﬁ%&ﬂﬁ% gs.fescrbed-hersin anga sigaal

from the sensor is transmitted (by any number of means, including

ardwereinr Tteasstry) recans SoBpRATeRdIg A SRBIRISSPHSURE(SMEIEN could
be a wearabls (kg &Hﬁf&?‘&ﬁpﬁ%@f@@hﬁ%ﬁﬁr e sighalbeincyseding

the control of the dosing of the drug. As used herein, the term "biosensor"

includessieRn & I RIS AL FFAREHE S HR STRETRIE AP PISTSH AR Gtates-
analyte of inteseshtrtoraspiest itaksignakr(a: 0 folycanveligghdiment, the
mechanical, or thermal energy i n electrical signal), .as .20 well as
ottt e T e e
BExamyiiithesb Meﬂ‘t‘uﬂ; maysmmmmmbﬁmabs@mamom@m
EEC, q olberneural sianalel pisssuien ermperaice: it SLmeganice!
oads on TiSsU€ structures at various In VIvo locations. The eléctrica
signatdfovarthediosensortrohanthésliber wlesisoreutr furevampievensenrce (¢.2.,

microplegessRiiaBlat.RidhduaR.E canranvipl ednloipatiop o a
remote controller; another local controller, or both. For example, the”
systeraseaieibENESEE Lo S| P BPTR dbrdinTierRtiBI IBACth 80 afi SR Bl sl

5igns RibeimplaRt S CRMEALLSHER AR IRHGCORERIERHRAL jead, an

electrical output lead, and a reservoir cap connected therebetween i an amount

effective to disintegrate the reservoir cap. Power can be supplied to the control
means of the multi-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,  timer, a demultiplexer (or multipiexer). The timer ad

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

surface of the substrate during fabrication. In another embodiment, some of the
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In a preferred embodiment, the device contains one or more sensors for
use in glucose monitoring and insulin control. Information from the sensor
woQmeMidRe used to actively control insulin release from thesgmedryigso

or from a separate insulin delivery device (e.g., a conventional insulin
pump, either an 50 WO 2006/052763 PC%%’{?SZOOS/MOOM externai%é
WOIFPUEISIGRCb P HAS HANER B &8 Ry O KT AT R SR OReBer VBl
device mavhed ovidedtashedderakaninpiamablahmiditesdvoinstance,

device storing an grray of glucose sensors, and able of.transmittin
wirc B R B e O TR B R s o Ry
metessygeed Wesider whichupennisdhevihtidwettolhamusiipradmisister In
insulin to themsel e.q...by iniecti Other i sense
othet &1 g?yf)esu%enng’eé%l %ﬁ U%hﬁ%%%@gf %f‘r% 5%%?@% i %%%f‘ggﬁiﬁgh.
Resemoirahs dsouseditiéeain Mibitermintolotvol dapcaaipsoryeressor.
mengb Eﬁgﬁg&mﬂl&'&}méﬁ grs%% ﬁ%%ﬁféii@gﬁi%sﬁg%ﬁeﬁﬁ'?ﬁig@mgien

contents of a reservoir from the environment outside of the reservoir, but
whicanid isvenden Yo yeprBire dhar HILIRIBRIRAEE %t a selected time to

open the res@RYQU AL EXRSE:ih soaaRledira RiefRes-embadietnt, a
discrete reservoir cap comgletely covers one of the res%éo&g ggenings.
& WO

L9 afothdrimibStimet -8 didiPe ferrebd o Caiccbvirs bte,
but legs Koarbalhelitaedesrey Qb apenisgs 200piefeTied actizele/0072784
controlled devices, re i | ial
oo PR SACIE 1 eLp e A SIAT s fR8 2R
electac, fiel@ar3c0016R08MAGREICWEIR,CHANISIR HLIPOT BYAUIA4I26281;

hemi I [ S ical,r it
oo Ry SR oo e e et tanle
16opperonmcafibysetaehcedr@etic materials such as gold-silicon and

gold-{jn elteetss Ay CRIBIDANAN L gBsvRAr active barrier layers can
be p a

evice. In one embodiment, _the reservoir caps are

electrically GoREIBHRSRIFICTOH AP BIRCIPOSBretE T BBt Jesmded
reseyoicansiresly the (oim o r2athinipatahiim draa0iBehcations

embodiment, the reservoir caps are made of multiple L
include the controlled delivery of a drug, biosensmg, or 2 combination thereof.

20 In apreferred embodiment, the multi-cap reservoir system is part of an
implantable medical device. The mmplantable 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 releass 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 2
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

ons or more permeable/semi-permeable membranes. Because the enzyme could
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metal layers, such as a multi-layer/laminate structure of

platinum/titanium/platinum. For example, the top and bottom layers could
wbeosrierted for adhesion layers on (typically only over a partimmsfoneooss

reservoir caps to ensure that the caps adhere to/bonds with both the

substrate area around 30 the_ reservoir ppenings, reservoir. uppQrts,

and EETECHIE BICHEYRPITFO R CE AT T S e 1 Do) Dot lene >

titanispatinuna/tiianitmfetatihtaseititainisarventoarmtin il eyy@ne until it is
2006/052763 PCT/I1S2005/040049 top and bottom layers serve as

adh8&R ayers, and the platinum layers provide extra stability/biostability
and protechiostitbother mrabvdvaettal thitamubtay sesarielr FHERMESEDEEHISE

o L T

abou nm for ea atinum Iaéers, and between about 5 10 and

15 riive forthesiedhesidadiessivniniasrais kednwaraird dne SRR EM4ting
or Permenhilizing MenRasemioll aked hectontalmentde icednsltdes
control means that facilitates and_ contrals [eserv0|5o(53(7n|r']3 &9 for h
disirfeyrimigioF peritsabBRIFHEn FalhviPeayss 204/ Uetdd imi anotber
following sieading 0 heiteseois asdesthihadeliitetsie Tinavtortitht
means comprises the structural component(s) and electronics (e.q.

Uy SR e PR
whichesglepsie: of ephsstatnfiths ibserved fortemslisimifidtdthtahdlo.
control means can take a variety .of. forms. In ' .
rese %ﬁ}tﬁgé%'c rr?pi}lesnéls?%c?#gtsé%%%%r S%ﬁ%%i%%%e%ﬁa%ﬁ% %%gﬁtgé?ﬁ)et?ﬂlenrtr%gl
15 abitatignuas, desotifiedandthe pRatentApilicasbreRudtidasion No. _
2004/0121480 Ehaniihe contat lsRRsnElddas daehansuareslestica

components, and software needed to control and deliver electric energy
fom eopovweraclireaogsigarminrbeps sthha JevieisER6rP IS e delvering
reseryail CapsHQL A6 HAHARE I mIRSAVORARBNIRE: ReRiNfARCAhe

device can include a Source of electric 20 power for applying an electric

CurreHIHRERRIH B B SR ORET A AP IBEICE ONEPET b areh &°

resernyRIL AR GRpNesisdstheeheiwerN 8-an PRt toaffictitares. In still

disintegrate the re,segvoir ,caﬁ? Power_ can be Sl{%g(li?d to g‘% control c
8ﬁ’ Q

mea FRSTRGHICRATPPYSE SHE T8 B A BAREY FEs st or,
fbio)fe@brances, dyes, or other useful chemicals.

Stili other applications are described in U.S. Patents 5,797,89¢8;
6,527,762; 6,491,666; and 6,551,838, and U.S. Patent Application Publications
2002/0183721, 2003/61008635, 2002/0099350, 2004/0082937, 2004/0127942,
2004/0121486, 2004/0106914, and 2004/0106933, all of which are incorporated
25 by reference herein,
Embodiments of the invention can further be understood with reference
to the following non-limifing examples.
Example 1: Tongue and Groove Hermetic Seal
A hermetic seal was made nsing 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 {bottom}. The metals
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cell, or remotely by wireless transmission, as described for example in

U.S. 25 Patent Application Publication No. 2002/0072784. A capacitor can
wbeoshesgmd locally by an on-board battery or remotely, for ExeRHe i ErY

RF signal or ultrasound. In one embodiment, the control means includes

an input source, a .micrQprocessor, a timer ip

U GPRRE T S s A S ikl e
anganearpar atededirectly BHLS thiis eHiacdi piehovbitssl armapbinsghat
fabrication. In another e i t f /

R i b o A A SR T ekt
sepaesteitgmbsheRt Whicenasts fbmpads oethe e g tsithusd dondbir
5porg‘%g %%%glk%‘device. For instance, the controller and/or power source
may be physically remote from, but operably connected to and/or in
communication with, the multi-cap reservoir device. In 5 one embodiment,
the BpamRler of (HarALRL LS sa8HR SiFes A YIRITEERRSIled by an
on-board (e.qg., WATRIRCHP E‘i’i’f’aﬂ:ﬁ’gydevice) microprocessor. In another
embodimesdya-8implesigtarmashine densati agdt fypioatyfissimeurs

smaller, and/or uses less power than a microprocessor. Other Qir
e SFER G TRERT R B S S EeeRt i g
NO. md & 8@8cdNoirfis 52t 6 Red fict MekOu4@t, 6860 & eanshent test or a
Applicatian Publication Nos. 2004/ 4 02/ 7, .
20%8{?%5%%"%?3 é%gg’aﬁ%ébg‘g ﬁ%%%%%%gl%%‘%% 6%?%%)691953513%,
200240387 28021y anad 2008100t dSbPmdmOT! RADTZ0NZ 629 631 AtabCT
wo @%%‘éﬁ?éﬁ%?&bv@%%%%@% NS L2088k 8232386 Ledbiow
762, all o

6,52 which are 15 incorporated b reference herein. Using the
IMultiedprR dstepiens Bystdinloelatedame rhlifEaFF %Servoir

release/exposure devices and systems described herein can be used in a
‘widepagiely of epplicaiionsRrafamedapplieationsednduse the controlled

deli er eqT addrug,jct’).lo_seinsmg, 0{ a_comblnatl.cEné[Qg‘;ng. ZQ IW a preferred
em ol s caprEse e sy stemds paeof aovimplanablel  resuts
medigat)dening. The-ap cfgglse Fﬁ@ﬂiqaﬂ??&bibﬁ:ﬁﬁmﬁqke a. v¢/idg
i um | pm } - thssl Mm 23e] pm l Lm \ - -
{ 1 | % i Dye ) L
145 ¢ 50 Gold : 135 50 10 21 Leak Tight
; penetrant
Dye .
56 | 50 | Sibcon 7 80 50 07 2 Leak Tight
i penetrant
60 56 | Gold - 48 50 1 14 He Leak | Undetectable
L 1 3 e !
I 60 50 \ Gold - 53 50 7 10 7 | He Leak Dndetecmble%
\ 60 ] 50 Gold - 50 50 1 | 10 | He Leak | Undetectable |

Example 3:  Array of Microfabricated Cavities Having Individual Seal
20 Features
Two silicon subsirates 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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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
wiongnglazossover an extended period of time. In another emlpadiments o9
store 25 and contain a sensor for selective exposure, wherein the
reseryojrs are epened. ing..far example,.upon.foulin
o e e R T R B
the resedporstogidecotagoaysrend ireidsencridseh ERiiSalkIdnBonoor the
biologg%hﬁggﬁggﬁmeg Particylar.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/SEMicaEPRsSAlsEISTE Brassmpsateddy astermsynidedifiratisns

WO 2006/52463J7 Gl AMSRAASEH 00¢8ed assdtp actiMityWhe e xpased:tn
the environment (e.g., the body) before its_intended time of use, the
F fgﬂﬂo%cf

sealdd¥5s Sty FrEUns JiTalSAHoaEr iR dBkehiN still
othergsatfodioanisdtheaidis GRP eSO SysieRmanthdevigroThe

descgbeéjnhe ein are incorporated into a variety of other devices. For
examﬁ’l%, (flﬁe ermétically sealed reservoirs could be integrated into other
pes 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 other
non-medical applications, the devices are used to control release of
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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
2002/0183721,2003/0100865,2002/0099359,2004/0082937,2004/012794
2, 2004/0121486, 2004/0106914, and 2004/0106953, all of which are
incorporated 25 by reference herein. Embodiments of the invention can
We claifjither 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 .
L pymebihprosaR bl el g dretidsl pRETASHORR i SR ethgomprising:
seal. Thesuhgtaies aissgHican(iaphardsabinnina(peitamlciirevwheialsmprises
.54 WO 2006/052763 PCT/USZOOS/OZﬁ0049 a{eag?old\lésgutte{fd on silicon,
2 first JQ e Pl IS CHO Bt SO B BRAAIHEY. 18 plhd Widrs Bondst/ R an e
comprifife 500 dlip ghipvaligheedwhibinis @eeadbine:thattpreidesacct rateting tongue
] alignment in x,y,z and pitch, roll, and yaw. Once the parts were aligned,
SUuClitie FC-150 compressed the parts together and the cold weld bond 5 was
formedpiExaimple 2cifariabionmoé FeatugeSizesamnddvietd) dthicknesse which
Impact on Hermeticity Several diffe joint-desi abrj
compr e e AR g one
second yene LoRipressioricold vertbe, caHy thewsaletnointitive reresste dofsied in the
substral8aks H&j@&gﬁ@gﬁ@y&g&g@gﬂg test or a He leak detecto_r dep(_anding
on the part geometry. As shown in Table 1 below, the seal integrity was
found t6FePTASREIE MRfekitl ATeRtEriORES AFEP BB PREjAY tHIER Bt least
one grVeN IR IANESIeRed \LnFetectable leakd dlasinavdiaaicbelpw, Aadhe

_leak detectors lower limit or [ess than 5e-11 atm*cc/sec. TABLE 1: Com
effectivg ot st YEARBUSIBIRRSRAE PTRaR TES{ RidRRIAGSI-IBEFtht GRodor ne

surfaces.

2. The method of claim 1, further comprising:

aligning the at least one first joint structure relative the at ieast one second joint
structure before the compressing step 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.

()

The method of claim 2. wherein the one or more overiaps are effective to displace surface

contaminants and facilitate intimate contact between the joining surfaces without heat input.



Surface Groove Groove Leak Width Height structure Metal Width Depth
Metal Overlap Test Results (188) (190) Material Thickness Thickness um
m - um um um m um - - Dye 145 50 Gold - 135 50 10 21 Leak Tight
penetrant Dye 50 50 Silicon 7 80 50 7 2 Leak Tight [ Ipenetrant 60 50
Gold - 46150 1 14 He Leak Undetectable 60 50 Gold - 53 50 10 7 He
Leak | Undetectable 1, 60 50 Gold 50 50 1 10 He Leak Undetectable

4 ﬁam{g i%\& {ar\fb(i |crofa d Cavities Havin rdg %ndl}lljldual Seal

- WG Ellfedn EﬁS%?Pa 8?& RSV T Wit Eohipiett ‘“t
ranging danttié snianch seabﬂaatums;fmfdcmmmesmmﬁidgwgldmg Minécsaalo 100 microns
and Wh&féleealg %Salncmded “d ttp&;[t&\ll%re (icrofabri tﬁd Ontwomq micron to 100

ubstrate, and ma%cﬂln g grooves % %CO 2763
micronsHUS2H06/0 40040 athpt gvierennhivrofabricd¥drontofinto the other substrate.
A shallow, wide cavity was formed inside each groove and inside each
9% ol 21AkP Snau e ARG B ONAeR AR Pl BRI ESnRrise cold
Publications cited herein are incorporated by reference. Modlflcatlon
or platigigfiations of the methods and devices described herein will be obwous to

those sidlled in the art from the foregoing detailed description. Such

6.  medifications and variations aredntended tacoms withinthe S9AP&.AIHHe «

appended claims. 10 56
metal selected from the group consisting of gold, indium, aluminum, copper, lead, zinc, nickel,

LA

silver, palladium, cadmium, titaniwm. 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 irst substrate, the second substrate, or both,

comprise a material seiected from the group consisting of silicon, glasses, ceramics, polvmers,

metals, and combinations thereof.

9. The method of claim 1, wherein the first joint structure, the second joint structure, or

both, comprise 2 material selected from the group consisting of metals. ceramics, glasses. silicon.

and combinations thereof.

16, 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, aliovs thereof,

and combinations thereof.

11, The method of claim 1, wherein the at least one first joint structure is formed by bonding

at least one pre-formed structure to the first substrate.



We claim: 1 A method of hermetically sealing at least two substrates
together, the method comprising: providing a first substrate having at
least one first joint structure which comprises 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
12, Becowthjsint stritirevbenipiizini theothesuiiise groovedetine dioviim aing
process ECGRRRAMEdMALNE, %ap&#r@é@aagmda&mﬁa@gﬂe SHELR A SeARd
conipressing the at least one tongue structure at least partially into the at
evaporafEgsOiche ¢ rIe @RS $stally deform the joining surfaces at one or more

interfaces in an amount effective to form a metal-to-metal bond between

13, ihe frsthmetakand seqaendastahafitheieiningg sHEacaDre pbR methad @h the
claim 1, further comprising: aligning the at least one first joint structure.
first subgiraha tHBS RS %Wét‘?g%dm?‘ifé‘i‘hfhét?&?tﬂifec%f’é?éstﬁ%tSSFP%Fe ifiigieast one
first joiBlERRLASA TP ari@BEoaE Feesedveiiapsaliibeuathleashondirativining the
structure relative the at least one second joint structure, wherein the one
on o B0 B BURN AL Er At THE BRE OV RS THEEHAGE oY Bri TBFArG Ecaces
during the compressing step. The method of claim 2. wherein the one or
14 Morenevetdapsiane eifeetiveitottigplade surdacercontarinantsobmar. or &
facilitate intimate contact between the joining surfaces without heat input.
metalh%eﬁﬁoziflﬁlee ‘method of claim 1, wherein the at least one tongue structure
has a tongue height ranging from | micron to 100 microns and a tongue
15, Widtmesinging flom Lmbeoninge 00shiiorons uandowhe fgin inaing lsasicemee o
layer o LPQYESUMEIL"E Das a.oraeve feRthJaRg R Lficron to 100
. microns and a groove width ranging from 1 micron to 100 microns. 5. The
method of claim 1. wherein the first metal, the second metal, or both,
16, ddwmpreseog GlociaimplatiitingT 6ompRSHEhEERE Bl g HEfeias R ene or more
interfadBetal, the second metal, or both. comprise a metal selected from the
group consisting of gold, indium, aluminum, copper, lead. zinc, nickel,

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

substantiallv simultaneousty.

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 soidering together the first

substrate and the second substrate,

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

defined therein.,



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
2. FHHEIES: e RRRONT IR PIRCNE, bRl COmRISE AmalerialaslRg e
rom the group consisting of metals. ceramics, glasses. silicon. and
discrete comTiriEtionsainaTe sfsCTO0IT PRNTAIEth GaCBIr eIaTNPIT It SRR Gy Repled from
each otRVYSEWS INE secanddointstugture. or both. comprise indium, aluminum,
gold. chromium, platinum, copper, nickel, tin, alloys thereof. and
combinations thereof. 11. The method of claim 1, wherein the at least one
TihstTSTHOS State REfOYRTEETY DISHERNYT SPTEHYP GRRFESTSr MR A SRt Eher
secondal@ taeifiest substrate. 58 12, The method of claim 1, wherein the first
joining surface is formed by an electroplating process, evaporation, a
chemical vapor deposition process, sputtering, electron bea .
4. EORPAOA Gt O PAEE LT T HE IRt GUSY S L oy laton.
comprising providing one or more pre-forms between the first substrate
25.  @nedrihehseednthsulistratersviheremstitecsteprofuompressingtagetheptisecat

mpoyis s ol HIPNY Sette and dhe atieagt ong. seeond joint structure
COmPpOt, fhg?/cfomﬁnses ‘cjeT%rrriing the orie or more pré-forms at pre-form

interfaces with the substrates or the joining surfaces. 14. The method of
26, QdleemaBpwheckimthevpradortng Gomprsera srerdUeipbipdfsryasham or in an
inert ga@ﬁ%lcl's?%grg g%ggg(/ell% rl&\%é‘b%'agﬁo%fo@ﬁ@; dimphergindha first 191t which

structure and first joining surface are a layer of metal covering at least
would grrtrof aosdkiee ofameotiBeiustrate. 16. The method of claim 1, further

comprising heating thejoining surfaces at the one or more interfaces. 17.

27, e mahedefclaim & nhereinihesQuepressing aieRoangitee Neanan which

step occur substantially simultaneously. 18. The method of claim 16.

a third WHEREHT thed FIBHIAGIRIFE [SIIFRS SHFRILEE GECNCHITT & crTigrBrfesteogsther

73
~d

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

or combination thereof,
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19. The method of claim 1, further comprising applying an ultrasonic
29 ReREIBYNSI9VHT GTEHEEes at the one or more interfaces. 20. The

methog gfselaiRakd W GORRHISIYFANPIRG QEslAe R Legehes e first
first substrate and the g}chnd substr 'te. 21. The method of claim 1;

Jotnt Sty WA GEURRIAE SHIHCH 4 (LD RBHSE: AYRElst s c A i eienRy the at least

one firdhRr@insoQ22: Thepethodef daimaheareigadhe:lirstignsecond SURSHAE in the
bstrasom rises.a Iurgxlit of discrete reservoirs containing reservoir contents,
substralg ?e@éwag%ﬁgﬁ%ﬁ%ﬁbally sealed from each other and from an

exterios emdndrsneniat? havine medthsdokdastn2 Jpinh efetikewsistryoiprises a
contents compri es.a bio sensor or other se¢ nd{a{g device. 24. The
second ﬁ?ﬂfﬁw dsu d(ie- W 5 S\ﬁ'%ce 15 a second metal, ge ast one Secong Joint structure
ethéd of claim 22, wherein the reservoir contents comprises a drug
compriforgiiationr @8hT geomethod the chaim@ Ringhe stincthiezreservoir contents
comprisgs. FAGrance 9f,3¢ENGEQUIROUNAR  ANES AL RETGOIIANS,; he sec
sweeteners, or Iavqring1al_gentes. 26. 'Iéﬂzéd"fﬂle%ﬁ’@d ofc airﬁ%g,é\?rvﬁgrééljg the second
substraigefotpheiticRciSTOIRHA CRA 1amaise aCUSPLBE ihaAt iprsitapadamhosphieie at least
partallTRESVR: 18 IRANCE AN AN siiHENIE Je!aUNe RithAL WV joming
would occur if conducted in atmospheric air. 27. The method of claim 1,
surface i dhe iFF SRBCHRINEISBEGHG LDt ECERIBISESCEs caltty in which a third

substraje isdpeateghhaiareMe st BadSesnchiotsHUGIUres@hsirate and the
compressed together. 28. The method of claim 27. wherein the third

second B EEIRE S SHRSER. SURMERS e RUAISP e mbffatiobetistissfly sealed
from af@:29:i & epvitaiment device comprising: a first substrate having a front
side and a back side, and including at least one first joint structure which
comprises a first joining surface, which surface is 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; a second
substrate having at !east 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;
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a hermetic seal formed between and joining the first substrate and the .
30. E‘éﬁ’c%‘a“%%gﬁ‘ﬁi‘e? ﬁ%ﬁéﬁ’ﬁt AR RS ST R B9 SEMRTG Thé Biprality
of discréeaskeneitonoie sttusturesatibasitppstiaiiynddtoctheat ieagband@realehe back
and thereby compression cold welding the first joining surface to the
second joining surface at one or more interfaces; and at least one
containment space being defined between the first substrate and the
31, ‘$healwisubstrddenwithinthehermgiio sbalsuchsthattheosontaiemhepice there is
: pace is_h ' led f ' vironment. 61 30. The
dispose ea‘\?/%%estg)]i" 5% %ﬁf(%i%ﬂ%é@f@%ﬁg%ﬁamment space comprises
a plurality of discrete reservoirs in the at least first substrate positioned .
bepwisairthel feiritside anerteie FaEk s :B1eThetevrREBIERINSRG:e there is
disposeREIRIN ihin.thenat least one containment space there is disposed a
sensor, a MEMS device, or a combination thereof. 32. The device of claim
o 29. wherein wijthin the at least one containment space there is disposed a
3. GReRRAAGEITSE TSGRV IS DI S G HiEreii the owTRE Surfagisé-1o-
metal R RIRSCItRgathedy:anpgtal-to- metal bond formed without heat input.
34. The device of claim 29. wherein the first metal, the second metal, or

th,.campri old, platinum, or a combinatipn thereof. 35. The device of .
S QSR B 12 DO AR e A Rk g is
gold. pgrouprconsistindpoisiiconemetals, ceramics, polymers, glasses. and
combinations thereof. 36. The device of claim 29, wherein a pre-form
. C is def b irSt jQi t 7
o e e T DA o
group @iraistingoteimprisesaimicrontetero B8IThadevicaod ehaimiBiofrtheeol.
comprising an intermediate laver adjacent to the mieroheater. 62 39. The
36 deveeRiclainLds whereinine HrsHiointalkciure orRRCRACININISITHCEY and
comprises a magnetic material effective to heat the structure via an
seconcdQiBhHIfEGEtion heater. 40. The device of claim 29, further comprising a
clamp for joining the substrates together.

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

side.

32.

comprises a micreheater.

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

microheaier,



41. The device of claim 29, further comprising a solder material securing
39.  The firstisubstreltgrantl . tvéhsecontes dstraiatogether: 42. Ehendeiite afructre
compri AU AT thedist substale Lner comprises 8 PlaI Of 1.
P Giscre openings in COMMURICATION With the At feast one CoRtAmMmEent. <
space, and said openings are closed by a plurality of discrete reservoir
40.  dhpseure Theladavide bftbkiinvBRrigvhe refhinthie egevioi tapsicorapsiseether.
metal film and the device includes means for selectively disintegrating the
41, ThEGRRRYOUCaRNR: 83 Muihemeings of SRl daherein he.ahleast oiGrate and
: tongue structure has a height up to about 50 micron, andthe at least one
the secepd SyRsHAL 4046 corresponding to the height of the at least one tongue
structure. 45. The method of claim 1, wherein the at least one tongue
42, ddchegdefingsim portiombenMinge acheighbafho migien48phhe methedivy of
. of claim 1, wherein the at least pne tongue structure has an aspect ratio of
discrets, ApSHings WA GO IH T8 VAR APthE AT98 20 ST GHUDER: 1BCE ARpiiic openings
are closariespendingtothesheightefvihie aipeast one tongue structure. 47. The
method of claim 1, wherein the step of compressing is performed at
- bient temperature. 48. The method of claim 47. wherein ambient . .
s S Y S R e i
includdsanemtideealiay i bfféstat withautitheesaedifarmproviding 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. 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
44, resgl%m(% mt%}gllﬁégerein 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 o width of up to 5:1, and the at least one groove has a depth comresponding 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 s less than 40° C.
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49, The method of claim 1, wherein the hermetic seaﬁﬁg 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 fongue structure in
the at least one groove, the at least one tfongue 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.

51.  The device of claim 30, 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 msertion of the at least one tongue structure n
the at least one groove, the at least one tongue structure has an aspect ratio of height to width of

up to 3:1, and the at least one groove has a depth corresponding to the height of the at least one

fongue 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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