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

30 laser or resistive welding, soldering, ultrasonic welding, and metal compression

gaskets),tand in U.S. Patent Application Publication No. 2005/0050859 A1,
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It would be desirable to provide improved sealing methods, for forming

25  hermetic seals at low temperatures with a range of materials. . It also would be
desirable to individually, hermetically seal a plurality of closely spaced
reservoirs between at least two substrates, in a process that is relatively simple

and cost effective, particularly for large scale production with high reliability.
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25 tongue structure and the at least one second joint structure comprises at least one

groove structure, and the step of compressing together the at least one first joint
structure and the at least one second joint structure includes compressing the at
least one tongue structure at least partially into the at least one groove structure.
In one embodiment, the at least one tongue structure has a tongue height ranging
30 from 1 micron to 100 microns and a tongue width ranging from 1 micron to 100

microns, and the at least one groove structure has a groove depth ranging from 1
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25  step of compressing together the at least one first joint structure and the at least
one second joint structure further comprises deforming and shearing the one or
more pre-forms at pre-form interfaces with the substrates or the joining surfaces.
In one embodiment, the pre-forms comprise a metal, a polymer, or a metallized
polymer.

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

surfaces at the one or more interfaces. The compressing step and the heating
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In one embodiment, a method is provided for hermetically sealing at
least two substrates together, which includes the steps of providing a first
25  substrate having at least one first joint structure which comprises a first joining
surface, which surface comprises a first compliant polymer, which has been
metallized with a thin layer of a metal; 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 metallized with
30  athin layer of a metal; and compressing together the at least one first joint

structure and the at least one second joint structure to locally deform the joining
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25  metals may comprise gold, platinum, or a combination thereof, and the

substrates may comprise a material selected from the group consisting of silicon,
metals, ceramics, polymers, glasses, and combinations thereof. In one
embodiment, a pre-form structure is deformed between the first and second joint
structures. In another embodiment, the first joint structure or the second joint

30  structure comprises a microheater. Optionally, an intermediate layer may be

provided adjacent to the microheater. In one embodiment, the first joint
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25  aperture therethrough, wherein the interior surface of said first substrate defining
said aperture comprises a layer of a first electrically 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

30 compressing the projecting member of said second substrate into the aperture of

said first substrate, to locally deform and shear the first and/or second



formed of or coated with a second electrically

conductive material; and conpressing the projecting
woreeb®s276§ sai d second substrate into the aperpar/ESwhHs5/040049

said first substrate, to locally deform and shear the

first and/or secondel ectrically conductive layers, in
an serbienlyerondeative dasiers. fohgBOBE SHeeH te ferst ¢ Pend and

co ] et ' j .
oMbk RSB e AR R AR LAY v,
FIG 1 is a cross-sectional view of one enbodi mrent of

a seal system havi grief D@eeipEondf iy Pigufesj O nt
structure design which provides a hernetic seal forned

5by a confkedsisarrresstsactigabivigy e @58 emppdiment pka geal system
Cragss-sectional i of . 1. f .
e iR GRER e birt R SEBE B ro0idela hermeic

St rygal fofriediBg b @Bmpid3sich coldamuldipmcassher meti ¢ seal . The
figure on the left shows the structure before the .
conpr essk¥r Zislaprosssgetimabusy of gpetheranbqdiment of 3 hepaetic

ri 0 | ] [ i . .
A ARIELAR A BB AROIBAS AR g
10s hawvérmetiaseat.0Fhe figmeioanholkftahbws thetsiracisssibefodedhe vaspression

S o T S5 T Bt e

Cr 0SS- gsgkj @d gj one enbodi nent of a hernetic
seaﬁ%%lgste%qﬁavanéleﬁgo%ls nt structure design having a
si ngl e cHIG 3nsladicamnishelactrdnaperogrsplesholvinga ooss-section of a
struct ure. is.a croaj;ﬂ-s cti.onal ,vi ew of,

I

G 5
o AR oAb ek WRB S FEng Biseay GP g AR P REreRtpRFO weld

15P" E5rbdsERIMIheh i #1GPE conpression col d wel ded between
joint structures. FIG 6 is a cross-sectional view of

anot her Elfbatlismmossestctipnabyigwtaf ong embodiyneof hbsringtc seal

nmetal, pre-fornms.which can be.compression .col d.wel ded
ot eieh itk i G pp ettt AR SR FoI MG IS er
di ffiepaniR¥Rastureents of joint structure base shape
geonetries. FIG 8 is plan views and cross-sectional

vi ews of FHG.8 idiafdresseneticngbvigivied eng ewbodigient 0ka hametie scal
20d essiy%fc’n ﬁa@%g 301 Bree-tl()'ﬁ*ﬁéj whﬂ:h%gnnger: gél%l]';)l%@SlSI? L(ﬂd 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.

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

FIG. 8 is plan views and cross-sectional views of six different
embodiments of joint structure designs that can be used in compression cold

welding to form a hermetic seal.



wel ding to forma hernetic seal . FIG 9 is
cross-sectional views of four enbodinents of hernetic
W@ emb/05a763 ens formed with different conbi nati oPGT/U820051@40049
joint structure designs illustrated in FI G 8 FIG 10
IS a cross-sectional view and a _magnifie

cr oss- seFIGohis crossesgetigmahiewsioh gﬂ%ﬁlboélﬁne&“?r@rh?ﬁw@ seal
sea t re
decrs R ST A% Fub IS O LAR foih XSl ATk
enbiiktraEsd iroFI@. $er neti ¢ seal system having heaters
and internedi ate | ayers. on the heaters.

FIG 12 | .
cross- seElGoHhis a\ﬁr%sﬁrssﬁtl%ﬁlsw@mé.ar@%&m%? %rO?ﬁe&eﬁ%ferfai view
$eals ayshediihey 9 Et?é“&@f% t ShidahBY Ejoint
core conprising a substrate materia nt er I ate
| aygrnstura dedign.m cr oheat er s. FI G 13 |s a

gégfséiiﬁéﬁ?ﬂﬁv%gﬁv% SHiaLy BNt oRS balimedh A & e et feal

] §stinDBaviky hk&s IR ﬁﬁélﬁiedlat:é lgyerg Bn 1R Keaters.
cross sectional view of one enbodi ment of a hernetic

seal sysFEm Iﬂam arrgomsccthIewsaf@ne amjbodmnens of ub¢roretic seal

ore r mat erial and .

G0 S TiviRe B naits bh 3 ut e Rhr pot cOMpribihe Fistftare
per safehi a\dﬁl1ﬁte%We&EteQB§%r§&bﬂ1@|nﬁﬁ€f&1eﬁErsa hernetic seal
system having a Nitinol clanp. FIGS. 16A-C are
cr oss- seElGohkis axnr@swe@mor@htélewmf@@p nmhpdlmenmﬁ%hmtetle seal

| h
5o obRits hEh Bt eaRers 1 Rcy Sor R iR bt patspial
one enboBIGEN isQfcrésstiettitrial Cie®adlons ¥mbedinttay bNghéntdt deal
wel d clanp and a conpression seal material. FIG 18 is
15 coystes badng BRphealEson £ JGRESIRIGHIEAPOTE §OMPTiSiAS @sybstiate
th ve each
boaaleltel #dH dRcAh R Rl hisHE Aot Aferlr

conpr essKFIG. IPisd puedpditivg \iswoesse sthbdiimehiuTalieraoie seal

groove joint design. The body of the device in which

t heSystsgehaang 8 Nitigolgliihed conprises two substrate

por t i onspihaty @ §0xB RS Q@c%%nﬁ‘%ﬁé@é 6119%1 el ntRRRhEH of 2

t oget her using a conpression col I'ng process with
2(a thergetc acud sgrtanheving |ar$b1ddeslmgp, shémﬁilg the aksnibly steps.

er spectj vj ew of one.enpadi a_.devic hat
P P i*‘i/(? ﬁ is a cross-sectiona Vlewm% one embodlment ote a lgermetlc 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.



i ncludes an array of reservoirs and having a joint
design for individually hernetically sealing the

WO e®eNs63 S usi ng a conpression cold wel ding PCT/US2005/040049
process. FIG 20 is cross-sectional views of three
enbodi nents of hernetic seal systens having various
pol yner FHend0 istcrasesestogabyigve af threerenthadiments phheguetic seal
sur : . - -
OB VB vafibt PorOEE RAY s ACkis P Mrod el et Fhaine
i | lgsfaced.i ng the hernetic sealing of the reservoirs by
a conpression cold welding, process. FIG 22 is a_. i
cr oss- seE G obais adresirssetiosabviemnd an seybodisnen of @ giudiirreservoir

tr 'J . 1" i-. "o r

R e R e R
S ub¢engrestidnocold weldssproeeddondi ng forces. FIG 23 is

Cross-se onal view of  one enbqdi nent of parfs, pr.ior
to bondi B - 3o afces?%%ﬁﬁal%ﬁétpwfme sﬁae lgleebﬂ#e%ﬁaf n
0y SRIERIEShE Y boRACH W 0S GRS f ioRR AfRliedfald™S
24A-B are perspective views of an electrical wmre

c onsubstrate whiddie nbi/subgarpadds sompressiveboveling fogceas

describ erein. FIG,. 24A shows the rts before .
1€ gnnect | BIE- Za hsesseosipRaLigws! preubiimertel RS s jo
FI Gordithg, forFoRRing A Eldcfoal $iaR8R1e386E bPBéthpek§¥h 851d Widing
enmbodi ment of parts, prior to bonding, for formng an

el estdeserited\ieteimonnect i on by conpressi on col d wel di ng.

FIG 26 j rgpective view of ane enbodi nent of an
el ectri cgfcﬁi %%@%H%BI?T\F/%‘?? 1';4%\8\‘1@%}9?% ﬁ%?té@g]: WHe cyfrgetion
vel ghddby ddifpretdistbédldneRiing RONE AR HBL! IAG. QYRTshaRs the
bet ween the aperture and tooth. FIGS. 27A-B are

15 c aptsihgiase eennegtioniand §dGaphi slqcsgs\lby c?m;eptnd a§$dnihfibn
; K ! ot h
o B A e BB e et

| nvigis] %ﬁbr%ibbﬂ@iﬁg,&aﬂ foigiLCatelbareal bﬁmbnﬁ@otﬁinqgeﬁ_ nip@ession
forma hernmetic seal by a conpression cold wel ding
pr otddweldmd process and seal designs advant ageously
perm t dﬁﬁ par. . he . 1&? r-eli
efficien ',%mﬁﬁ?|pt8%8%§%‘}§§v€$’ggfj§‘gensu ?lgllgglgé)\ﬁ%g?e%{%amg
2(c ongaanedtiod maatd byasvihgressionrooid Welding. The illustration shows the

material overlap between the aperture and tooth.

FIGS. 27A-B are scanning electron micrographs (SEMs) of two silicon

substrates having microfabricated seal features for compression cold welding.

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

together two substrates that are provided with one or more joint sealing surfaces
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and sol vents. The sealing process involves conpression
and cold wel ding together two substrates that are

w@e@eioshsed wi t h one or nore joint sealing surfaPesURED;/040049
during a conpression step, |locally deformand shear to
pronote internol ecul ar diffusion and hondi ng

Ad ﬁlaimchlglag asbypraspien stepalocally daferny andbsheat ‘iOdFiOlaPterret al
t I
oxPERbiE ARSI RR AR R B

t hdefouhh@Gtof thter @Bﬁn@ﬁlﬁﬂdc&i supstantidtyostiubadvay zmlyemtal oxides
metal surface to pronote netal -to-netal

b
be LihekgaNICtE njqugfmlfh ePUPABEPTRRRE PHAS SH : nf?‘P’E?gt/PmVldmg
5 130 alofnicsiR) deAlShAL G BEER SoR] RbARiSHELREGRIAN By een

awnnan ree to

pr ﬁlisgbfrﬁ@g mfad?s/‘ﬁiddhﬁlgh@lmﬁags Tlpzlt &S sazld@mlchbg greatel goining
|e stress o t he netal cause. t |n| struct ures
an gustasen thig as freeaf seniaminmfornh h%fg Anté?the?P J8F pPIRigTFshFold

We‘ﬁﬁné pﬁ)cgéér ﬁ%§§[§es a.'bB Efifedhi&id sﬂr%'oﬁﬁie@n@tﬁf@aﬂ@é the oining

et ween” t'he | ol ni ng surfaces. and it di spl aces surface
o Xisttegu@s dndjdiing swidcesiadefosn.sBhe matal defornation seatestwo
bondlng can occu

r n nt s _where
rretpamoe'%s EiaHieh Gt AU ey S48 G Hrfages, and it

(a?i%) Cfi%@?éurﬁlcé‘ e RBerHINBERARA 30 thhfimeRRtAMBRLbondng
'S provi dfor hernetical ly sealing at |east

t weas obxsirr &t @sbadigents ewhera/mmtal-itmmetﬁii bend isgognesay eld

rovidi fir substrate having at |east one first
j oiVffl ‘ggg’r%@{t RLW%IH&% PIREESS8% i r st oi ni ng
sur f ace,; whé %e@ﬂiah@%dq@ PRIVi&RSoRhdrivettaldealling at least two
provi ding a second substrate having at |east one

15 s e subrirajesitogetisars wiich insludes dte tensof psaiding 8 fiew sybstrate havmg

f
o8 B 98 SRS S P LR A SR, v
j Olspifacd douiride€a BRE niche; Pbvidansd sconed sbetpate hpdhpht least one
structure to locally deform and shear the joining

sumstepndgoiat storetire Whikdy eompstses # 5ree8d jiniag suHgsgnvhich surface

effective t
£ SRR A bl Bl TEhBresbina ifler B LOSE RO B
20 Thetrhétasd axﬂ&hcaht laat osEseond jotitatruciye tododally defomm axd shear

different. They could be dlff$rent al | oys o{ the s ?ms
ba§1@e JoBtiRg surfacecs Hong orEareieriacen il 41 qragunterfegiiv e Igrpea

er et Ql] {3Eh&ah1 BU?M ﬂ%ﬁk/éaen%é fifs'ﬁ ffatal ShA MbHA Rletal of the joining

ogies, e.g., crystal structures, grain
st rsutfhesse Theffi ®st nivdai-and Isédoind gnetad ang Iesthefarseibt dilfferent. They

el e LRSS G P nelute, Lt . ST i

5:: ﬁg{r}%chl]frgnd&% %‘%ﬁﬂqne{a‘l‘ RES1HETe diffefont ARELGATRLIMOICHS, e.g.,
crystal structures, grain structure, etc. Non-limiting examples of suitable metal
surface materials include indium, aluminum, copper, lead, zinc, nickel, silver,
palladium, cadmium, titanium, tungsten, tin, and combinations thereof. Gold 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,

polymers, metals, and combinations thereof. Non-limiting examples of substrate
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plati num may be preferred. The first substrate, the
second substrate, or both, may be fornmed of various

woreoensabs, such as silicon, glasses, ceran cSPCT/US2005/040049
pol yners, netals, and conbi nati ons thereof.
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25  least one second joint structure further comprises deforming and shearing the

one or more pre-forms at pre-form interfaces with the substrates or the joining
surfaces. The pre-form may be formed, for example, by LIGA processing,
MEMS processing, wet etching, laser micro-machining, stamping, cutting, or
micro-casting. The pre-forms may comprise a metal, a polymer, or a metallized

30  polymer.
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MEMS processing, wet etching, |aser m cro-machining,
stanpi ng, cutting, or mcro-casting. The pre-forns may

w@ovpinsses a netal, a polyner, or a netallized PCT/US2005/040049
pol ymer.In preferred applications of these nethods and

seal designs, the hernetic seals are used in sealing
mi cr of abln prefesgd dppliceionsnfibese methodsand iseal dsgigys, the hermetic
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opetREAENEF slosFd PYA FsEvPireaD CHh S Pore R e dpd AT Y o

her Mgttty toS@Atr8Dtha tihR andfor $4t8WF fARRO U bdpodhirkldf the

| oadi ng of the reservoir contents into the reservoir.
15Ty piesexvpiy conthints Is en¢ embodiment the sessoioii fgherraclndesst second

ts ﬁggé]e[gfqt,gg@ftol tg et%: f lﬁg 91‘283911;1"1%? 1§ §%enlﬁ?§ {19 ne%w?tflg 0Dh& rﬁ{er or

desgfiuRagkoislyaiith lotlihs @ﬁﬁie'r&ser&diﬁcdiﬁéﬂt@ﬁtcf 16 résefvoir.
i ncl udes a packagi ng structure hernetically bonded to

a sTymiedlly, dtis sagling invetves pordieg He ysisybstrateto & woppbsubstate,
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reservolr cap disintegration a

20r eskdryial ro;h@ﬁelqiy sl&r@svi& fufﬂm incdodag prgksdingisttuctige an d
hernetic seals protect the electronic conponents and

r es]éf‘rrV’@Flﬁalb’o‘?ﬂnéﬁ‘i tog %fﬂ:? AEthe Aipstios serome subsiraips fqyprotect
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J

envi ronnent e}iﬁer na Le reservort inel
bi otapglisiategfation dad anmdre&emmm basedtsemsosd. t’Eheqfackaging structure and

d ur ﬂaqa;%teg% Iéé)ag.bgr%lgﬁﬂzf thge e:qggliuﬁ %Qr%pg aernttsl. gnléll r%ge?vsmp g(?ns‘cgnr%s 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 in
vitro or in vivo use of the device.

As used herein, the term “cold weld” means an intermolecular bond

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

than 40 °C.
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vitro or in vivo use of the device. As used herein,
the term "cold wel d' neans an internol ecul ar bond
wo eooaesk76d t hout t he application of heat, w th BEDUSW5/040049
conditions typically less than 40 OC. As used herein,
the term"hernmetic seal” refers to preventing
undesi r abs as¢dgreinsthe fermghegnetiss seg apiesHP Proventing pndesirable
fropy [
par ECF of perPt o <GRERAI B Tl ot HE cEfiparmepts of the

|'i f devide, phcicdiaviy tlee ddvive rpwmsemdﬁeheams&mlmfseﬁﬂheﬂbabe For
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terns, uAkasal hdreingcihnterasy compesegt ‘Gosipyisingdi ‘Gadledt,” and
Devj.ce Conponents and Materials. The hernetic al .
comT LT are e Sl e el ARG TR S Py is
j oi Btnrsds ﬁgiéa@dvmth a first joining surface and a
secor?d bstrate having at | east one second joint

strDeVme@mgdnentMtgrgni ng surface, bonded at one

1€ poat nehs Re e SealibomRrisesit sl iatits Raving b st ong first

f or joiRdtasturd With 8 Hr&-jointhgXREa &AM d¥BBAd sbdRatk Maving at least
substrat es may optionally contain one or nore of

r esene/ssicpid josmsiuetyre Wity gsecond jpining strfare, bendettaé one or more

subs tes conpri 'Ii n ] r | ass,
ot ik BeES o Bia SRIRh i pritartefi i Binftily, ploReR afk 0
andbithaipatitle eangiafet Bdremedica npRnBN th 6hdembodnahs tRrtwo
olyners. In one enbodi nent, silicon substrates allow

or sqb§€af§$ mggoptenallycopiin @W qrﬁ@orﬁ @éresramoaﬁ,éﬁnq% dyugspand

it CREE(), PN Tha Lokl AR SR, BORL etas, gess

spectroscopic ne

or steéletitanivie labimginh,Ssilicay nhﬁda,mald&h@ bmt:oﬁmaﬁlpip lcoaniictaad
sel ection of substrate material. In addltl on, the
subSthermgtalsgr nobymsrs.s B s eprhodiments siliepngberriesalow for use

You Qﬁ@id t(fJﬁQ ( ?anﬁp g
dur pﬁogp%lc lbé%%g ?ﬁ%ﬂéﬁ#%fgﬁegl nt )Zttor ﬁcf&g?zﬁ{)?g SO ca Irlsed
20 s eahdengodethhtispesttscopic estinds ubing l@htinthy vising e er vther
sanme or. a different terial thanth substrat e.
| nsaRReEts may be passthic B f sRRIPRIALS FReGHOR 6 S SRgAlcRerial
I Nt g 4diicit BRS duBkifate BiA§ chbRAbe U1y WHiRShigh enough 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 substrate. For instance,
if the joint structures are micro-machined into the substrate, the joint structures
are comprised of the substrate material. Alternatively, the joint structures may
be a pre-form bonded to the substrate comprised of a different material than the
substrate, such as a metal, a metal alloy or a combination of metals . In another
30 embodiment, a LIGA formed nickel joint structure could be electroplated with a

layer of gold and then bonded to a metallized substrate using a solder, braze, or
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embodiment, the joining surfaces are comprised of the same material with a

different structural morphology. For instance, a first joining surface may be

annealed to reduce the yield stress through the normal annealing mechanisms of

recovery, recrystallization, and grain growth, while the second joining surface
30  may be deposited in such a way that the grain size is small, thus increasing the

yield stress.
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25  joint 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 introduced to the

hermetic seal joint during the bonding process. While not being bound to any
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illustrate cross-sectional views of embodiments of hermetic seal systems having

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

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

eliminates asperities and allows the surfaces to interact and bond. In some
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comprising two joint structure elements 20a and 20b. Each second joint
structure 20a/20b has a second joining surface 22. The first joint structures 16
create a “tongue” which fits at least partially into a “groove” created by the
second joint structures 20a/20b. The width of the tongue as measured across
30 opposite sides of sealing surfaces 18 is greater than the space provided in the

groove of the second joint structures joining layer 22. Thus, the first joint
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25 joint structure 40. The deformatlon arises when the force applied to the area of

interference between the first joint structure 40 and the second joint structure 36
results in a pressure exceeding the yield stress of 36. The interference or
overlap also creates shear forces at the interface where the joining surfaces

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

30 ametal-to-metal bond between the joining surfaces 38a and 42a and joining
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30 redundancy in a device, providing a “fail-safe’” hermetic seal, wherein one or
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25  structures 96 have a first metal joining surface 98. The second substrate 94 has
second joint structures 100 comprising groove structures formed into the
substrate and a second metal joining surface 102. Entrapped between the first
joint structures 96 and the second joint structures 100 is a metal pre-form 104.
The pre-form 104 can be formed using methods similar to the methods described
30 above in reference to the perform 84 in FIG. 5. As the first substrate 92 and the

second substrate 94 are compressed together, the pre-form 104 is deformed and
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between two joint structures. The hernetic seal system
90 has a first substrate 92 and a second substrate 94.
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of g¢val ht2,demispheree 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 perimeter are avoided
because it may be difficult to form a hermetic seal in such a corner.

FIG. 8 illustrates top views and cross-sectional views of various
embodiments of joint structure designs that can be fabricated using MEMs

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

substrate, but other embodiments may include an array of circumscribing teeth
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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 substrate itself. In addition,

joint structure design 136 creates a more deformable joint structure 140 than
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substrate by using a conbination of mlling and plunge

el ectron di scharge nmachining (EDM) steps to create the
WO 200605563 uct ures and a plating step to netal | PZBEUSI85/040049
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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 electroplating process. For

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

followed by a softer pure gold as the joining surfaces 154.
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structures 152 can be acconplished w thout
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Vi 6o MW RITIRGN iafthRFheGHia8SI88S i PRALue height 190. Preferably,
these geometric dimensions are in the range of about 1 micron to about 100
microns. The tongue and groove joint structures 184 and 182a/182b,

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

30  and is smaller than one quarter of the tongue width 188.
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vi ew of an enbodi nent of a hernetic seal system 180
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WO 200605363 uct ures 182a/ 182b and 184 are for medPCTUS1005/040049
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25  the bond strength between the heater and adjacent materials or if the stresses
exceed the ultimate tensile strength of any of the materials at the hermetic seal.
(3) An intermediate layer may be required as a diffusion barrier to prevent the
electrical characteristics of the heater from changing with repeated heating
cycles or to slow the diffusion of adhesion layers. Thus, intermediate layers

30 may be required for electrical isolation, for CTE mismatch, for a diffusion
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25  rigidness in the joint structures is also dependant upon the specific materials
selected.

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

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

the second substrate 252 comprise substrate material and may be a stiffer joint
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sealing features is governed by the joint structure design. A greater overlap or

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

30 interference between joint structures. Preferably, the overlap would be just

slightly larger than the joint structure tolerances, surface roughness, and
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25  dislocation mobility. Therefore, increasing the material purity can reduce the

yield stress. Exceptions may exist where the addition of a second material may
lower the melting point and thus the overall yield stress is reduced because the
ambient temperature is closer to the melting point.
Another physical property which affects the force required for cold
30  welding is the hardness of a joining surface metal’s oxide. Metals having a

higher ratio between the oxide hardness and parent metal hardness require less
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249" &fif}e or strain rate may also have an effect on the strain hardening. The bonding

;N

time also may influence the amount of metal interdiffusion. See Takahashi &
Matsusaka, “Adhesional bonding of fine gold wires to metal substrates,” J.
Adhesion Sci. Technol., 17(3):435-51 (2003).
In sealing with a compression force, it may be desirable to align the
30  support force with the compressive force, in order to avoid a cantilever type

force on one of the substrates that might result in fracture of some substrate
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255t I fi6ihilafising it to clamp down onto the substrates as shown in FIG. 15. This

phase transition temperature can be controlled (by varying the composition of

the shape memory alloy). Therefore, device assembly can occur at sub-phase
transition temperatures, then the assembly is warmed to the phase transition
temperature and the clamping mechanism is activated.

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

deformed to allow the substrates of a hermetic seal system to be mounted where
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substrate 274 are aligned to overlap a groove

illustrates the hermetic seal system 270 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 strength of the solder clamp.
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25  the metal joint structures and joining surfaces in the embodiments described
above. Although the sealing mechanism for sealing compliant polymers is not
defined as cold welding, the effect of isolating a reservoir or cavity from
adjacent cavities or external contamination with seals is the same. Compliant
polymers can require significantly less pressure to create a seal than the pressure

30 required to create plastic deformation in a cold weld process. Traditionally

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

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

can be packaged in the reservoir volume. Temperature sensitive materials may
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25 FIG. 19 illustrates a perspective view of an embodiment of a multi-

reservoir drug delivery chip having an first active layer 332, a passive layer 334,
. and a second active layer 336 . Layers 332 and 334, which are shown separated
to illustrate the joint structures on layer 332, are (to be) bonded by compression
cold welding. (Layers 334 and 336 need not be bonded by any particular
30 technique.)
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each substrate. e pol'ynefr~can bé patterned using
corNefictioned] s)dtdd 380 afuyi pLudarastecitediss amkwilivgd @easkgt seal
PDMS soft |ithography), photolithography (e.g.,
pholy88ef i nabl e silicone), stereolithography,
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and reflowe sma etc
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metmeétal substrate. Examples of polymeric materials in these embodiments include
fluoropolymers, such as expanded polytetrafluoroethylene (ePTFE), or a liquid
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 meltallized 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 Publication No. 2002/0179921 A1 to Cohn can be

adapted for use in the hermetic sealing of implantable drug delivery or analyte
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joining surfaces 348, 352, 368, 372, 383, 388, 392. In
this case, netal -netal bonds are not formed by shear
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In some embodiments, the hermetically sealed device described herein is
a subcomponent of another device. For example, it may be part of an
implantable drug delivery device that further comprises a sensor indicative of a
physiological condition of a patient, an electrode for providing electrical
stimulation to the body of a patient, a pump, a catheter, or.a combination

thereof. Examples of some of these are described in U.S. Patent Application
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No. 2003/0010808, No. 2004/0121486, which are

i ncorporated herein by reference. FIG 21 illustrates
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si mul'taneously a nechanic secur ement “neans and
resulting bond creates a low resistance electrical connection between the first

metal layer 602 and the second metal layer 606.

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

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

with appropriate mechanical and electrical properties to create electrical
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conti nuous el ectrical conducting path. One enbodi nent
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25  appropriately relieve strain in the conductive leads 702a, 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 even though a smaller area of the
trench is used to create the cold weld to the conductive leads.

The leads are shown having a circular cross section; however, any cross-

30 section suitable to forming a cold weld or compressive seal as described herein

may be used. The cross section of the seal structures 710a, 710b through
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and to create vias through the substrates. The

el ectrical connection features descri bed herein may be
WO pbskEds on substrates with seal features sucPCT/l81005/040049
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dissolved materials (e.g., glucose) 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-deformable,
and disposed in an array across one or more surfaces (or areas thereof) of the
device body. As used herein, the term “reservoir” means a well, a cavity, 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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enbodi nent, there 1s a single reservoir per each
r esemvwises silibet, aanaalpa cérpwrs, a polymer, or a combination thereof.
Examples of suitable substrate materials include metals (e.g., titanium, stainless
25  steel), ceramics (e.g., alumina, silicon nitride), semiconductors (e.g., silicon),
glasses (e.g., Pyrex™, BPSG), and degradable and non-degradable polymers.
Where only fluid tightness is required, the substrate may be formed of a
polymeric material, rather than a metal or ceramic which would typically be
required for gas hermeticity.
30 In one embodiment, each reservoir is formed of (i.e., defined in)

hermetic materials (e.g., metals, silicon, glasses, ceramics) and is hermetically
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optionally two or nore of these portions can be used
together in a single device. Reservoirs can be

w0 aweiosased in a structural body portion usi ngP@RYS2005/040049
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sui tabl e fabrication technique known in the art.
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i ntimplanpetie mvetlical devacepr ef erred enbodi ment, the
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multi-laminate material, that is, composed of several layers of the same or
different substrate materials that are bonded together. Substrate portions can be,
for example, silicon or another micromachined substrate or combination of
micromachined substrates such as silicon and glass, e.g., as described in U.S.
Patent Application Publication 2005/0149000 or U.S. Patent 6,527,762. In
another embodiment, the substrate comprises multiple silicon wafers bonded

together. In yet another embodiment, the substrate comprises a low-temperature
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25 doseofa drug for release. In one sensing embodiment, the number of reservoirs

10ax

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

opening means is minimized, preferably approaching a few microns. In this
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25  macroreservoir has a volume greater than 500 pL (e.g., greater than 600 pL,
greater than 750 uL, greater than 900 pL, greater than 1 mL, etc.) and less than
5mL (e.g., less than 4 mL, less than 3 mL, less than 2 mL, less than 1 mL, etc.).

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

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

device. In another embodiment, the device includes polymeric chips or devices
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supported over the reservoir.

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

The dimensions and geometry of the support structure can be varied

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

instance, the thickness, width, and cross-sectional shape (e.g., square,

45



device. I n another enbodi nent, the device includes

pol ynmeric chips or devicesconposed of non-silicon
whamensated eri al s that m ght not be referred toP@®US2005/040049

"m crochips.” In one enbodi nent, the device conprises

an osnotic puynp, .for_exanple, the DUROS(tm, o tic .,

punfretasghissI tBgewa) obthesy RyesTRRY éﬁ@&%@ﬁ'}gf & particular

C O MHRfGERLsARHUES Tord Kehafitadla Yo B itnBRinfibn 6B

Heal t icar e armaceutical s and Al'za Cor po atlon?.

Reser voi Re€apoifSGpopientss Reservoir cap supports can

conpri se,substrate terial, structural terial, aor
coat i ng HBE BFPEIOIr CoRiens e rsrmiAl ApKepissror et iinceds to
$£apps HBRASH @. L YPFOleb Sl BYmd YRSV RmTRL Sfidial of_l‘ﬁ%g r%‘ér'\\/fgir until a

formed in the same step as the reservoirs. _
et bedekivd paiot oftane, ivdwniits melease or oxprisdienig desired. In various

i hi nj.ng_t echni ] bov: d b
uscRPREmeple herererihe CelT GruFrace AVTL ST SR o
I eSfio¥e@hles CARCEARRP HEce, bF RRb@bIARbIRIHrRE, Substrate

materials. Reservolr cap supports conprising
st r uct ur Eropeafunctieningaicataipreperveis coptantsysude po s cathlyst or

echni th trate then VENMS net hods
10, P Eend PO R R Tt B oS B AR Pert il Rl
t echiérdiee Fundies od. y Ot dtalgeip osstppiag ] scchiirupe ekpsviicsrahd ng
mat eri al . may be formed, using known coating processes
andresepyeirsaatentsdo therrayi loutfide efdhereseryerrjafigippening of

re nﬁl\é%se}@cﬁpéﬂpq Ues, RE cﬁ&]&gtrmoc‘l%&ﬁgg é)rvs%nﬂﬁé Q&ggor%e'ﬁ‘t can be
reservolr may h upports in

ave several reservolir cap
var reiessed ondangtimain iomsobdlvz witten thesepen oéservoin i@hérreservoir
For exanple, one reservoir_cap support may span from
1pnecaliiens giclyas drygmalegales often mAE negshgdierelcased drom the
ano . i .
oo B p S RoRP B TR Y B3l el o
t heexeesethenipeutid ¢ffectioh a patiet.alpveyerf therdrogswiocoles naghe
coul d .be, s ofted over .the reservoir._ ln. one
DB Yg, the FSNGIEs fos SEIFIB &t P PBLiEAons, g1 ucose
Sensor) , i §&effSBbY@ientsOfericHE, WhichBirfiicARMened Ade
only one or which may include tWwo or nore reservoirs)
2(hasmakimaen eHowatrle tnanspertwrate of e perticnlps meniebubmisnahsgsdetiinmepr

; ng%r&{e{ | fg){ 538@{9}1@ ggﬂ{cntgonr}si Ig?ﬂ% %ngd 9eesgrr{/%§r£ ¥s r%[luitrel?i? That is,

whether a reservoir is considered hermetic can vary among different applications

of the device depending upon the particular demands of the application.

Chemical Molecules

25 The reservoir contents can include essentially any natural or synthetic,
organic or inorganic molecules or mixtures thereof. The molecules may be in
essentially any form, such as a pure solid or liquid, 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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such as the polymerase chain reaction or other nucleic acid amplification
25  procedures. In other embodiments, the molecules to be released are fragrances
or scents, dyes or other coloring agents, sweeteners or other concentrated
flavoring agents, or a variety of other compounds. In yet other embodiments,
the reservoirs contain immobilized molecules. Examples include any chemical

species which can be involved in a reaction, including reagents, catalysts (e.g.,

30  enzymes, metals, and zeolites), proteins (e.g., antibodies), nucleic acids,
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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 light), or one or more
physical properties (e.g., pH, pressure) at a site. In still another embodiment, the
sensor includes a cantilever-type sensor, such as those used for chemical

30  detection. For example, see U.S. Patent Application Publication No.
2005/0005676, which is incorporated herein by reference.
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speci es which can be involved in a reaction, including

reagents, catalysts (e.g., enzynes, netals, and
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measuring or analyzing the presence, absence, or
15chantperogated. cheni cal or ionlc species, energy, or one

or nore physical. pro ties.(.e.q. pressure) at .
PR i A s R
SeNgehRiarPaNEdes 3bcabANGIRHiIA thedpriilyl deRce SPRISR €& be a microchip
Secondary devices are further described in U S. Patent

No. degi®sn agatber dayiasn dhe pgtaryrdenicesinay bespngollpd bylocal

pressure sensor. Se e. 0, bk NQ. .

and bortetSH hegsrics ity Bospheof Hiiaiimd pronelhibut o
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Si ticroprocdskdr or atad taechimsyDigH suemit,signabfrom the device, after

conditioning by suitable circuitry if needed, will be acquired by the

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

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

include drug molecules for release and a sensor/sensing component. For
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sensor includes a cantilever-type sensor, such as

those used for chem cal detection. For exanple, see
wal@s/0R2aent Appl i cation Publication No. 2005/PO0E82065/040049

which is incorporated herein by reference.ln a
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i

can then be measured, for example by a microprocessor/controller, which then
25  can transmit the information to a remote controller, 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 control. Information from the sensor
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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metal layers, such as a multi-layer/laminate structure of

platinum/titanium/platinum. For example, the top and bottom layers could be

selected for adhesion layers on (typically only over a portion of) the reservoir

caps to ensure that the caps adhere to/bonds with both the substrate area around
30 the reservoir openings, reservoir cap supports, and a dielectric overlayer. In one

case, the structure is titanium/platinum/titanium/platinum/titanium, where the
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25  Patent Application Publication No. 2002/0072784. A capacitor can be charged

locally by an on-board battery or remotely, for example by an RF signal or
ultrasound.
In one embodiment, the control means includes an input source, a
microprocessor, a timer, a demultiplexer (or multiplexer). The timer and
30  (de)multiplexer circuitry can be designed and incorporated directly onto the

surface of the substrate during fabrication. In another embodiment, some of the
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predetermined schedule. For example, the reservoirs could contain a pressure

sensor, a chemical sensor, or a biological sensor. In a particular embodiment,

the reservoirs comprise a glucose sensor, which may, for instance, comprise
30 glucose oxidase immobilized on an electrode in the reservoir and coated with

one or more permeable/semi-permeable membranes. Because the enzyme could
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Embodiments of the invention can further be understood with reference
to the following non-limiting examples.
Example 1: Tongue and Groove Hermetic Seal
A hermetic seal was made using a tongue and groove joint design. The

30 seal was made by a compression cold welding process. FIG. 3 shows an SEM

of the seal. The substrates are silicon (top) and alumina (bottom). The metals
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Example 3:

Features

Array of Microfabricated Cavities Having Individual Seal

Two silicon substrates were provided made with complementary cavities

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

ridges that were microfabricated onto/into one substrate, and matching grooves
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2002/ 0183721, 2003/0100865, 2002/ 0099359,
2004/ 0082937, 2004/0127942, 2004/0121486,
WQO®40er6eH6914, and 2004/ 0106953, all of which BECEUS2005/040049
i ncorporated by reference herein. Enbodi nents of the
i nvention can further be understood with reference_t

t hethrbwerswnistofabricatadAni/inge Beaihsr substiagea iy slallpw, Wéqlrg%?éﬂty
and
o DA AR R0k o NSRRI 850 e 08 o
nadﬁmangsm&ﬂ@&ssﬁdemﬂﬁﬁbﬂeweld|ng process. FIG 3
shows an SEM of the seal. The substrates are silicon
(top) and alunmina (bottom. The netal sare gold
Ksputt e r Bublinatieny ¢itedherepiretingospprated by apleraned pMadeisations
alun1 The r
al i 61}] awﬁps %iptﬁg %rg:tﬁ’\% ﬁn#}’ g&?ﬁ% d%gcr%%dggseﬁg%ﬂ f)é ?Dﬁ&lsp[o
al i gﬁﬁ@ﬂhmmmwaﬁ fiendthpifbrepoing alaﬂaﬂecam@kcmpuv;n Gwed t he
parts were aligned, .the FC 150 conpressed the parts
t ogBIcHHicatiers qn%éfaeéwsm ntedadi tarpng withindhe ssopgpf theo
Y/ Feature Sizes and Metal Thickness
%%kﬁ&&ngg%et|C|ty Several different joint designs
uhere fabricated, using different feature sizes and
netal |ayer thicknesses. The joints were conpression
cold wel ded, and the sealed joints were tested for
| eaks using either a dye penetrant test or a He |eak
det ect or depending on the part geonetry. As shown in
Tabl e 1bel ow, the seal integrity was found to be
i ndependent of feature size and gold netal |ayer
t hi ckness over the ranges tested. Undetectable |eak
rates may | eak bel ow the | eak detectors lower |imt or
| ess than 5e-1 1 atntcc/sec. Exanple 3: Array of
M crofabricated Cavities Having |Individual Sea
Features Two silicon substrates were provi ded nade
with conplenmentary cavities and seal features for
conpression cold welding. The seal features included
ridges that were mcrofabricated onto/into one
substrate, and matchi ng groovesthat were
m crof abricated onto/into the other substrate. A
shal l ow, wi de cavity was formed inside each groove and
i nside each ridge. FIGS. 27A-B show the resulting
substrates and seal features.
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Publ i cations cited herein are incorporated by

reference. Modifications and variations of the nethods
w@peemdsaroxes descri bed herein will be obvi ous POI/URSE040049

skilled in the art fromthe foregoing detail ed

description. Such nodifications and variations are

i ntWa@EMt o come within the scope of the appended

claims. W claim 1. A nethod of hernetically sealing

at 1.eastA muthsiufdtermetimlly sepdinget Jeasttiworsubsitates together, the

conprising. providing a first substrate having at
I egg‘?thﬁ‘a@ng£§?g'j oi nt structure which conprises a

first joini ng,sHalRCLarsVEibeRats UATAS Bt IeaTRhE Fies [iamf dtfusture
metal ; providing a second substrate having at [east
onewlsiels oonipiissis mtfirstjoindngisuefanh ivdhicle snface semprsesadypignotal;

joining surface,. which surface c ris eco .
metal ; and c B ENg %@ec?%(g%%ﬁté?‘te ?’??éngfﬁsegs 50?1? 8?1(:@%??0#151

j O difuchiikd WhicH cBnipiided N16:cahd JoRAsE sidhReSPEOR uifeomprises a
structure to locally deform and shear the joining
surseeaskmeiel;@né or nore interfaces in an anount
effective to f .

Firet motal AngeosiEoRpbeE RO Rr ISl and he

2. ghest@icecomdjolt sirMtise tb lochlte defonmand Shadg thegbingny ng
the at least one first joint structure .above the at

| eatitfopntent oBe BHAOFOI ST BN AMOUBEFIGICHVE fpform 2 metal-to-
co I r ..

of DRATteRFR R o plefur R Scon o TGRS ALS
| east on second joint structure, wherein the one or
nMore oveThaRsthed oatRirh hefidmer mprig: i nterfaces of the .

joining surfaces during the cgonpressing step. 3. The

met hod of cl adligning {ip et lepsh opp Ersh jranioyirugareaknye thegideast one
are ' ' [ '

F aor Sl K e TR Moot R A AT it B more
surévaglaps i thbatlcadieat firsy joiht stdictufdievertliduideast o sewbnd jbint
wherein the at |east one first joint structure

confifi’8¥3 at | east one tongue structure and the at

| east one secotlolthlbnSby MGl RnaRTRELS 8% Ak of GRRL

one groove structure, an erei n the conpressing

t ogiatdrfaces of the joining surfaces during the compressing step.

3. The method of claim 2, wherein the one or more overlaps are effective to
displace surface contaminants and facilitate intimate contact between the joining

surfaces without heat input.

4, The method of claim 1, wherein the at least one first joint structure
comprises at least one tongue structure and the at least one second joint structure
comprises at least one groove structure, and wherein the compressing together
the at least one first joint structure and the at least one second joint structure
comprises compressing the at least one tongue structure at least partially into the

at least one groove structure.
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the at least one first joint structure and the at
| east one second joint structure conprises conpressing
W0 bmeas27bast one tongue structure at | east paP€T/a51095/040049
into the at | east one groove structure.5. The nethod
of claim4, wherein the at | east one tongue structure

hass.a t Orhguecthed gfﬁlainaﬁgwh@elpﬂ]@ﬁﬂtjew @Ii&t"o'[ﬁngl& sfxygture has a
TodoRatE et B el 819 MlolohSlihda WehOWidif ranging

rein €as
St rvérh UrRickaso 200 ifereas aepivhercanie agleist one grovive soucttre has
100 mcrons and a %r oove wi dth _rangi ng frdom 1m Cr‘?‘ﬂe

t 0 2POOYH dapdnrenging 1 ppierosdo PO gighops and {EOPES W1
fir . L Lh , or both, conprise gold
or rﬁ%ﬁﬁgﬁlg{l&?ﬁg&g@jﬁ%&% claim1, vvhe:n;i n thg

first netal, the second netal, or both, conprise a
met@l  seheGh&Hod bpeinh €, Whauin thofisst flctalghefecgnd ehetal, or
i ndium al um num copper, |ead, zinc, nickel, silver,
pal hodldicomprisagetil @fplatint@ni um tungsten, tin, and

conbi nations thereof. 8. The method of claiml1,

wherein the first tal apd t ecan

di ffer enfheﬂﬁ?t!if"i of ?mqi‘hewﬂr@f]ﬁgge §fs @eg%l’%ﬁ%l?éc\?ﬁé%ta%’ or
t hepdih,lcoinpsisd & tlehdl Belct i@ SR Graupohsisting ofgolddhdium,
conprise a material selected fromthe group consisting

of aiminyon coppesdsad zinsenigkelesilvep prlledivg, cadmiums titagiyn,
conbi nati ons thereof .. 1 nmet hod of claim1,

whePas eli’ﬁg’ %nldrcg{ne[ﬁ?naélloﬁ?ths? grz)(g'ctur e, the second j oint
structure, or both, conprise a material selected from

t heg gr ouphLABHHLE b B18in®fl, WhérsinShe Ga 8Bt 3nd BHleas6@El metal are
silicon, and conbinations thereof. 11. The nethod of

cl adifferept mhtatsei n the first joint structure, the second
joint structure, or both, conprise indium alum num

gol d, chromu platin copper .._ni ckel in, allqg
Phed-eof . THATREBbA BT AT SrenFRBGe Fret 15%%sice ey s frte
cl abiBoth, WRBHSS DrdahPiafbelé@@BroNRe Elolip Lohsiik of silicon,
structure is fornmed by bonding at least one pre-forned

st r glasses, ectamicshpolyimess, meteds tand cemb@atiqnsdhersehod of
claim1, wherein the first joining surface is forned

b | ect | ati.ng. , catjon, ' . .
DY B SRR R BRI R P AR
evapAair AR bofl, cGmPBle LhaRribl QERER. frokf thelHufBIRAENSbF

claim1l, further conprising providing one or nore pre
metals, ceramics, glasses, silicon, and combinations thereof.

11. The method of claim 1, wherein the first joint structure, the second joint
structure, or both, comprise indium, aluminum, gold, chromium, platinum,

copper, nickel, tin, alloys thereof, and combinations thereof.

12. 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.
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forns between the first substrate and the second
substrate, wherein the step of conpressing together

w0 bmeas27bast one first joint structure and thBCHUS2005/040049
| east one second joint structure further conprises
def orm ng and shearing the one or nore pre-forns at
pr el3.or MTheymethod of slaith tlh whiksinsthe Srstaeiamegsuriperas femgdhy an

i . Th of cl al "
or coRORMe RS SRRt o Shhpol GBofiia b .

pol yterind, @leclibl beh Reshopdtion] at Mmwbt eteliproetss. t he fir st
joint structure and first joining surface are a | ayer

of netal covering at |east part of a surface of the
fir4. subbemathed of 7lainfHefurtheneemprising piomding engrqrtiegre pre-

conpri sing heati the i, oi nj,ng sur.faces.at .t he qne.qr
i S S R R R S e
t hecsinpRs@ssionethat 188 aflaskt bhe fifkd pdihid@rustuePaiCBe it least one
substantially sinultaneously. 19. The nethod of claim

17, sspied joint strmeturpeliirthergcopprishedgiorming gnd shdesins thegmepr gnore
it ] p o { L.al m: 1

v A ERERY et DR TS ARl 6 i Sl

joining surfaces at the one or nore interfaces. 21.

Thejsret hoHe fettold df Aladm 14UWh&RIN 166 PRY-fobinf BopAsE Metabla
sol dering together the first substrate and the second

subpelyaies or ametatheednalyoer. of claim 1, wherein the
bonded substrates conprise at | east one cavity defined

therein. 23. The .net hod .of . cl ai wherein the
| ealf. 1 Fas mefiRg ot <o dombrreDu B By RLFnEpirg ind vt joining
di SgfrRice aF ESRYMA Mt SOV AINY RedsESBT ¥Od Surfed beibeFirst

each reservoir being hernetically sealed fromeach

ot heybsaaid. from an exterior environment. 24. The met hod
of claim 23, wherein the reservoir contents conprise a

bi o, sens or .ot her. secopdary devi.ce.. 25. The net hod

of *Elar mEbemelRE AL PR fe MLl oS e hiaBine S Shtages at
dr ughefoRE BHhdkd Rferf2é6. The nethod of claim 23, wherein

the reservoir contents conprise fragrance or scent

compounds, dyes or other colorants, sweeteners, or
f I at®r i nfhe method of claim 17, wherein the compressing step and the heating

step occur substantially simultaneously.

19.  The method of claim 17, wherein the heating of the joining surfaces

occurs with a microheater.

20.  The method of claim 1, further comprising applying an ultrasonic energy

to the joining surfaces at the one or more interfaces.

21.  The method of claim 1, further comprising clamping or soldering

together the first substrate and the second substrate.

22.  The method of claim 1, wherein the bonded substrates comprise at least

one cavity defined therein.
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agents. 27. The nethod of claim1l, wherein the

deformation is conducted under vacuumor in an inert
w@ameasamasphere effective to reduce oxi dati on PET/UR®05/040049

joint structure relative to that which would occur if

conducted in atnospheric air. 28. The nethod of claim

1, wherein the first substrate conprises a cavity in

whi 2 a The netldodictame , whereiit tiead ldasif foslesubsieats £orgprises a

oY 50 A SPIR FASE GUF Neho

Subg¢inahernsERNY sfedXir i BSEH othér MENFE Y bteriodnvironment.
conmbi nation thereof.30. A nmethod of hernetically

sealing at |east two substrates together, the nethod
conpdi si Whe npthwd afickgma3f hereinsthb sesermodr deatantsgroaprise a bio

| east one fjrst |j intdstructure whi ch conprises a

fi r SPSPILAURSY ngfi‘“?iﬁ Viffii ch surface conprises a first
conpl i ant pol yner, which has been netallized with a

thi 5| ay ghe HetiibdBiichlim 23! Yhbdid e FeSROAInEMRI R Re a drug
having at | east one second joint structure which
conforimsdedion. second j oi ni ng surface, which surface
conprises a second conpliant polymer, which has been
metalliz with a thin |ayer of a netal; conpressin

t og Bher %gﬁ gieliod Qf sAM e VRFieRY the Z9SFEVOSt GO ORI

t he ol I :
dor SPRRepRE ssPoRRR:, kst oflel USioHint, bRcot ke, pY Dayoring
i n agendmount effective to forma bond between the

first and second the joining surfaces. 31. The net hod

of claim40, wherein the |ayer of netal of the first

or $écondhfread Aetrind) yrhsrein the dserrmatienfiopdeiedgder
Pl ati M &F in%nﬁl?é}péa{a%aaﬁrb?%hte}%%rbfﬁgfive %%ed&e%%ﬁaﬂ?{f gﬁ?ﬁe joint

devi ce conpri si ng: t substrate having a

si detraute aelbtiroktoshatevhietneouldalcoti ifi goratucted as btnmrsphdricr at.
joint structure which conprises a first joining
surface, which surface is a first nmetal; a second

subd¥r at Ehametheg cfclaimds vherren SedBridupYTaiR crRTiRes acavity in
whi ?\@ic%%frh%ﬁﬁsn%tezig ?f&q%flj-b%f&é e ;Irﬂcs%con\mbﬁllﬁ structures are

surface 1S a secon
compressed together.

29.  The method of claim 28, wherein the third substrate comprises a sensor,

a MEMS device, or combination thereof.
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a hernmetic seal fornmed between and joining the first
substrate and the second substrate, wherein the
wheeoesi763 seal is made by conpression cold wel PCTYS100£040049
first joining surface to the second joining surface at
one or nore interfaces; and _at |east one contai nnent
spade beh mpthisk ofhsamptially sepling &t fepstdwo spbsiratosteseihey, the
t he s[{eic Q(()ZI Sr[%’ﬁ rate within the hernetic seal such
t hdt' Rt arrment space is hernetically sealed an
exterior envipronidaiya 83t subbieatd Buving avleastloaé firsd foint structure
wherein the at | east, K gne cont ai nrgent sgace corrprti ses a
pl UFEirh @vnnmseéiasférﬁ'épan%@éﬁ%w}gc frrfage COPTIEES S LTFh | st
sub : I 1] t {, il { .
pac i gt M6, R EERcl Nl Mla LRy 0l
| east one congravidingd sespataibstoatp haweg ablesst g sgcoad MEMS
devi ce, or_a_ conbination thereof. ?5. Tgi]% deﬁi ce of .
cl aSTPEPe WiHeBCOMPrISHLA SRCOMGIQUINS HETACeY BICh RERceSgwEises @
co :
B i L R R B S e R Tl
by metakt al -t o- netal bond formed w thout heat input.
37. The device of claim erein th t .l.east. one
P rst oint serdurmme Shaneile Srisilaty BshloiGRhgR Hha the
] O Rlea3t SitcdebibRi SATRIrh&Bredo 1A} BeRRE B PAUBg ;1@FAREs at one or
38. The device of claim32, wherein the first netal,
t hemewdntetfaeastinlan amoubieffectivetosorm edepd bevegs thp first and
pl at i nngd;gh or. a cor?i nati on thereof. 39. The device of
cl aiCRYERRC YRS SHUPHE" substrates conprise a materi al
selected fromthe group consisting of silicon, netals,
cergym CSTPQEMIR 0P cladh 30 SRRereiBe RSN MAthSTIhS Nk 80decond
40. The device of claim32, wherein a pre-form
st rmetallized pslytret.corrbeth, lsemprsas goltk platingm aragogdbiantian thereof.
joint structures. 4 1. The device of claim 32, wherein
the fi rsé joint structure or .the second joint

strifet ur@ COBRPINILAHCOPQUPRIRNE er . 42. The device of

claima4l, f ur%ﬁ?s”c SEERL RV RG a8Fort Bid8HE dibatiesii@Y @l including
adj acent to the m croheater. 43. The device of claim

41, atidest enenfitshjirdtistra¢tuje which cempiises arfestgpingegym@ce, which
oint structure conprises a magnetic material effective
to fi& efsl?eh@f?]ﬁ ure via an

a second substrate having at least one second joint structure
which comprises a second joining surface, which surface is a second metal;

a hermetic seal formed between and joining the first substrate and
the second substrate, wherein the hermetic seal is made by 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 second substrate within the hermetic seal such that the

containment space is hermetically sealed an exterior environment.
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external induction heater. 44. The device of claim 32,
further conprising a clanp for joining the substrates

wao oesnss3 45. The device of claim 32, furtherPCT/US2005/040049
conprising a solder material securing the first
substrate and the second substrate together. 46. The

devBce dhedrucariglainpBdrdigicin e 4tileast ong foofainment space
further. conpri . Ve ' i in
oA Bl PR e e tinp b b SE e TN g 2
anghoSielbikditRedighe foat silosetthbhack gidairal ity of

di Screte reservoir caps. 47. The device of claim 46,

wherein the reservoir caps conprise a netal film and

t hé4devilbe deviek afielsinrd3iehqrein theatdeast org gpntainment space
disintegrating th Lr : LIl ant abl e
rre&f’lcl,lgpg%fea\ﬁeg%)rf %Eﬁ?ﬁé%%gﬁ%’r%%%g bgiﬁ%gg@?éééclﬁ rel ease
of contents located in hernmetically seal ed reservoirs
comgr i sithg:dedict bt Staint SR SkhatiR thatlbdst ahd Eontalhmehtspact e
reservoirs disposed in the first substrate, the

r esempubgssa dragiferguulationt openi ngs and second openi ngs
distal the first openings; reservoir contents |ocated

i nsi de e reseryojrs, wherein the.reservoir con t
confr | sadedetitg! s 3g; Haaradpe g B pregpiie Welther
di $67.6h8al RSBEMPbEnCRBSBeE Wthibithehtiapdt, F St openi ngs;
means for selectively disintegrating the reservoir

caps; and a second substrate and a hernetic joint

sedl7i ng Thedlevico sf nlgirh B3, whaendhopdeishgrs fivsh i structyee and
herpetic joint is made by conpression col dwel di ng.. 49.
ThahgRash OB Secpid Ftp ol SRIPTER & ARty E eyt
conprises a tongue and groove interface.50. A nethod
of fgor Mg &Pic@ 0% C1alth 32! whiBinGREOARE hlcpil, 1B BFIohd nddal, or
providing a first non-conductive substrate having an
ap eioth) meetdlh esraphiseogedd, plathens iona combinatien thereofur f ace of
said first substrate defining said aperture conprises
a layer of a first_electrijcal It}iqconduct ive material.;

pr &% di nhealeyice o alain R2c Bhergay the ehsHRiSt FAPBISEAMAGTAL
kLT PEEO S SOhPOr 6, AR Coie! i,

secon
glasses, and combinations thereof.

40.  The device of claim 32, wherein a pre-form structure is deformed

between the first and second joint structures.

41.  The device of claim 32, wherein the first joint structure or the second

joint structure comprises a microheater.

42.  The device of claim 41, further comprising an intermediate layer

adjacent to the microheater.
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is formed of or coated with a second electrically

conductive material; and conpressing the projecting
woreeb®s276§ sai d second substrate into the aperpar/ESwhHs5/040049

said first substrate, to locally deform and shear the

first and/or second electrically conductive layers, in
an ddouniThefltdee pidainpd,ovherein Beniérskioint siraeture argpcond joint

ggﬂn%@%t#@g:o%b\é\%ganmgg&tig 'nrlzﬁéria‘:i‘ %%Ga?v% 8 %eaecltﬁec gt{'dc%uz}le IV A an

external induction heater.

44,  The device of claim 32, further comprising a clamp for joining the

substrates together.

45.  The device of claim 32, further comprising a solder material securing the

first substrate and the second substrate together.

46.  The device of claim 32, wherein the first substrate further comprises a
plurality of discrete openings in communication with the at least one
containment space, and said openings are closed by a plurality of discrete

reservoir caps.

47.  The device of claim 46, wherein the reservoir caps comprise a metal film

and the device includes means for selectively disintegrating the reservoir caps.

48.  An implantable medical device for the controlled exposure or release of
contents located in hermetically sealed reservoirs comprising:

a first substrate;

a plurality of discrete reservoirs disposed in the first substrate, the
reservoirs having first openings and second openings distal the first openings;

reservoir contents located inside the reservoirs, wherein the
reservoir contents comprises a drug or a biosensor;

a plurality of discrete reservoir caps closing the first openings;

means for selectively disintegrating the reservoir caps; and

a second substrate and a hermetic joint sealing and closing the
second openings, wherein the hermetic joint is made by compression cold-

welding.

49.  The device of claim 48, wherein the hermetic joint comprises a tongue

and groove interface.
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50. - A method of forming an electrical via connection comprising:

providing a first non-conductive substrate having an aperture
therethrough, wherein the interior surface of said first substrate defining said
aperture comprises a layer of a first electrically 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 and shear the first and/or
second electrically conductive layers, in an amount effective to form a bond and

electrical connection between the first and second electrically conductive layers.
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