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joining material. The reactive nultilayer joining
material may include a reactive nultilayer foil and a
fusi ble material. Background of the Invention [003]
Hermetic sealing is used to protect many sensitive
devices fromthe damagi ng effects of exposure to
harnful environnents. Exanples of such sensitive
devi ces include optical devices, photonic devices,
fiber optics, MEMS and bi onedi cal devices. Cenerally,
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DESCRIPTION OF THE INVENTION

Field of the Invention

[002] The invention includes hermetically sealing enclosure
components by using a deformable material and a reactive multilayer joining
material. The reactive multilayer joining material may include a reactive

multilayer foil and a fusible material.

Background of the Invention

[003] Hermetic sealing is used to protect many sensitive devices
from the damaging effects of exposure to harmful environments. Examples of
such sensitive devices include optical devices, photonic devices, fiber optics,
MEMS and biomedical devices. Generally, sealing is achieved by
encapsulating the sensitive component in a leak-tight enclosure, effectively

isolating the component from the environment.
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components and devices is reactive multilayer joining. Reactive multilayer
joining is a relatively new joining technique that is based on sandwiching a
reactive multilayer foil between two layers of a fusible material and the two
components to be joined, and then igniting the foil. The ignition of the foil
initiates a self-propagating reaction which results in a rapid rise in the reactive
foil temperature. The heat released by the reaction melts the fusible-material
layers, and upon cooling, bonds the two components together.

[007] Reactive multilayer joining has been known for quite a while.
The process has been described in detail in U.S. Patent No. 5,381,944, the
entirety of which is incorporated herein by reference. Several improvements
to the process in U.S. Patent No. 5,381,944 are disclosed in U.S. Provisional
Patent Application No. 60/201,292 filed on May 2, 2000 and entitled "
2
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for high-end components. This failure can be traced to two well known
effects: (i) densification of the reactive foil due to the reaction, and (ii)
shrinkage of the foil upon cooling from the reaction temperature to room
temperature. Both of these effects cause the formation of cracks along the
foil which are subsequently filled by molten solder or braze. As a result, the
reactive joint structure consists of a brittle material (the reacted foil) which is
encapsulated by ductile solder or braze matrix. While this result, which can
be confirmed by optical microscopy, is essential for the formation of
mechanically strong bonds, because some of the cracks that form during the
reaction are not completely filled with the fusible material, the seal may fail or
target leak-rates may not be achieved. Consequently, reactive joining does
not currently offer an adequate means for consistently forming high-end

hermetic seals.
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parameters for the seal; determining the quality of the seal may include
determining whether the quality of the seal is within the predetermined quality
parameters; chemically transforming the reactive multilayer material may
include igniting at least a portion of the reactive multilayer material; deforming
the crushable material may seal an interior of the container from an outside
environment; selecting the reactive multilayer material based on the strength
of the seal desired; the crushable material may be configured to permanently
deform; the crushable material may be configured to reversibly deform the
crushable material may include a soft metal; the crushable material may
include at least one of copper, gold, aluminum, stainless steel, Kovar, and soft
solder; the crushable material may include a compressible polymer; the
crushable material may include at least one of buna rubber, silicon rubber,

and viton; the crushable material may positfoned on an inward side of the
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[012] In various embodiments, the invention may include one or
more of the following aspects: the reactive multilayer material may include a
reactive multilayer foil; the reactive multilayer material may include a fusible
material; the fusible material may be configured to join the at least two
components; a fusible material may be disposed between the at least two
components; the crushable material may be located on an inward side of the
remnants of the chemical transformation of the reactive multilayer material;
the crushable material and the remnant of the chemical transformation may
cooperate to form a hermetic seal between the at least two components; the
crushable material may be configured to permanently deform; the crushable

material may be configured to reversibly deform; the crushable material may
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the at | east two conponents; the crushable
multitayer material is configured to be chemically transformed so as to join the
at least two components.
[014] In various embodiments, the invention may include one or
more of the following aspects: the reactive multilayer material may include a
reactive multilayer foil; the reactive multilayer material may include a fusible
material; the fusible material may be configured to join the at least two
components; a fusible material configured to be disposed between the at least
two components; the crushable material may be configured to be positioned
on an inward side of the reactive multilayer material relative to the outside
environment; the crushable material and a remnant of the chemical
transformation of the reactive multilayer material may cooperate to form a
hermetic seal between the at least two components; the crushable material
may be configured to permanently deform; the crushable material may be
configured to reversibly deform; the crushable material may include a soft
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more of the following aspects: the reactive multilayer material may be a
reactive multilayer foil; the instrument may be a push rod; the chamber may
be a vacuum chamber; the port may be configured to create a vacuum in the
chamber; the port may be connected to a source of gas; the port may be
connected to a vacuum source.

[017] Itis to be understood that both the foregoing general
description and the following detailed description are exemplary and
explanatory only and are not restrictive of the invention, as claimed.

[018] The accompanying drawings, which are incorporated in and
constitute a part of this specification, illustrate one (several) embodiment(s) of
the invention and together with the description, serve to explain the principles

of the invention.
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sealed product and a portion of a sealed product, according to another

embodiment of the invention;

[027] Figs. 7A-7B are various schematic views of components of a
sealed product and a portion of a sealed product, according to a further
embodiment of the invention;

[028] Figs. 7C-7D are various schematic views of components of a
sealed product and a portion of a sealed product, according to yet another
embodiment of the invention; and

[029] Fig. 8 is a schematic view of a seal testing apparatus,

according a yet further embodiment of the invention.



[018] The acconpanyi ng draw ngs, which are
incorporated in and constitute a part of this

wepewntiiaati on, illustrate one (several) enbodPOEMSE®N010366
of the invention and together with the descripti on,
serve to explain_the Lhe fnvention. 7
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according to yet another = enbodi nent of the invention;
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Fifose (€4y. fPfreaseare) applied ts dbfomt the “crushabid” or dsqitinaatesial is
of a sealed product and a portion of a seal ed
pF%@GW? accordi ng to another enbodi nent of the

i nventirg851  An exemplary embodiment of a method for manufacturing the
hermetically sealed product may include: (a) positioning one or more
crushable materials between two or more components that define an
enclosed space, (b) positioning one or more reactive multilayer foils between
the two or more components (e.g., a lid and a container), (c) applying
pressure on the assembly (e.g., at least one of the two or more components)
so as to deform the crushable material and thus seal the enclosed space from
the outside environment, and (d) igniting the one or more reactive multilayer
foils to form the reactive multilayer joint.

[033] The crushable material may be in the form of a wire, gasket,
washer, and/or any other suitable material that can be deformed under
pressure. The deformation, which may be either permanent or reversible,
may be such that a seal is formed between the two or more components
and/or across the crushable material when pressure is applied to the
crushable material. The cross-section of the wire, gasket, washer and/or any
other suitable material may range from 1 millimeter to one centimeter in
diameter and/or the lengths of these materials may range from several

millimeters to more than one meter. One of ordinary skill in the art



[027] Figs. 7A-7B are various schematic views of

conponents of a sealed product and a portion of a
woeealmdiqas oduct, according to a further enbodPaEMS2#/010366

the invention; [028] Figs. 7C 7D are various schematic
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(b) pos¥$8loniSHY Bher grshable m@@é@iw@amqlw%@w@f shell of
b&L X Heformable materials (e.g., copper and/or aluminum) around a spring-

like material (e.g., stainless steel). Some of the crushable materials set forth
herein may be reusable while others may be configured for single use only.

[037] Methods of manufacturing a hermetically sealed product may
include one or more reactive multilayer joining methods, examples of which
are disclosed in U.S. Patent No. 5,381,944, U.S. Patent Application No.
09/846,486 filed May 1, 2001 (U.S. Patent Application Publication No.
20020182436), and U.S. Provisional Patent Application No. 60/201,292 filed
on May 2, 2000, the entirety of all of which are incorporated herein by
reference.

[038] Methods of manufacturing a hermetically sealed product also
may include one or more methods for obtaining sufficient joint strength
between two or more components. The strength requirement applicable to
the seal may be augmented by the requirement that the joint maintains the
deformation of the crushable material after the pressure on the enclosure

components, which were previously maintaining the deformation of the
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the two or nore conponents (e.g., a lid and a

container), (c) applying pressure on the assenbly
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he pressure 1's renpv e mater
one or more surfaces 15, 16 of two or more enclosure components, for

example, a lid 13 and a container 17. The enclosure components 13, 17 may
define an enclosure space 18 within which a device 21 may be placed. The
reactive multilayer foil 14 may also be positioned on and/or between one or
more layers of fusible material 20. The crushable material 11 may then be
deformed between the groove 12 of one enclosure component 13 and the
surface 16 of another enclosure component 17, for example, by applying
pressure to any appropriate portion (e.g., the top of the lid 13) of one of the
enclosure components using any suitable method. Such deformation of the
crushable material 11 may seal the enclosed space 18 and/or the device 21
from the external environment. The reactive multilayer foil 14 may then be
ignited and form a strong mechanical bond between the enclosure
components, for example, the lid 13 and the container 17. The strong
mechanical bond may be formed by either the bonding of fusible materials 20

to the enclosure components 13, 17, or directly bonding the enclosure
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substantially returns to its original configuration).

Such reversibly crushable materials may include
woabopverd4s materials (e.g., buna rubber, silicear/us2004/010366

rubber, and/or viton). Reversibly crushable materials

have the advant age that they may be reused after
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(eangbodlmhdesrswstmmilg)swhwair tbithe repatmddiment set forth in Figs. 1A
and 1B, except that the surface of one of the enclosure components (e.g., the
container 31) may include a protrusion 32 (e.g., ridge) configured to interact
with the crushable material 33 disposed in or on another enclosure
component 34. For example, the protrusion 32 may be disposed substantially
opposite the groove 35 on the other enclosure component, (e.g., the top lid
34). The protrusion 32 may have any suitable shape and/or dimension, such
as a ridge-shape as depicted in Figs. 2A and 2B, and may be formed on the
surface 36 of the enclosure component 31 using any suitable method. This
arrangement may be advantageous in that due to the interaction between the
protrusion 32 and the crushable material 33 disposed in or on the enclosure
component, less pressure may be required to deform the crushable material
(e.g., wire gasket 33) than in the arrangement of Figure 1.

[043] Figs. 3A and 3B depict a further exemplary embodiment of a

hermetic sealed product 50 and related method of manufacture. This
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j oi ni ng process may be sel ected based on one or nore

relevant factors. Sone of those factors may incl ude
woOher4gbr@ngt h requirement (e.g., due to the typ®UsS004/010366
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argtotrision Srihadig. 28-28, Pofirimig mrgsumeqﬁmaﬁm tdform the
for exanple, by applying pressure to any appropriate
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g?é%griq l S@éguﬂé@nﬁ@ EE@{C éﬁkgnﬁét%?gﬁ rétlr?ulars‘t’o t%g 'coglciguration
in Figs. 1A and 1B except that the crushable material 71 is disposed in a
groove 72 on the container 73 and the corresponding surface of the lid is
configured to interact with the reactive multilayer. In another example, Fig. 4C
depicts a configuration similar to the configuration in Figs. 2A and 2B except
that the crushable material 81 is disposed in a groove 82 on the container 83
and the protrusion 84 is disposed on the lid 85. In a further example, Fig. 4D
depicts a configuration similar to the configuration in Figs. 3A and 3B except
that the crushable material 91 is disposed in a groove 92 on the container 93
and the opposing trough 94 or groove 94 is on the lid 95.

[045] Figs. 5A and 5B depict yet another exemplary embodiment of a

hermetic sealed product 100 and related method of manufacture. In this
embodiment, a crushable material (e.g., wire gasket 101) is disposed in a

corner 102 machined (or otherwise manufactured) in one of the enclosure
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[046] Figs. 6A and 6B depict a yet further exemplary embodiment of

a hermetic sealed product 120 and related method of manufacture. In this
embodiment, the opposing surfaces 121, 122 of the two or more enclosure
components 123, 124 include protrusions 125, 126 (e.g., sharp-edge ridges)
configured to interact with a crushable material 127. To maintain their
sharpness, the ridges 125, 126 may need to be protected prior to placement
of the crushable material 127. When the two or more enclosure components
123, 124 are aligned prior to sealing, their respective ridges 125, 126 may
substantially oppose each other. The ridges 125, 126 may be a hard material,
at least relative to the gasket, washer, or other suitable crushable material
127. The gaskets, washers, and/or any other suitable softer (e.g., relative to
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arrangenent may be advantageous in that due to the

interaction between the protrusion 32 and the
wonostabi4e material 33 disposed in or on the eRCraS08/010366

conmponent, | ess pressure may be required to deformthe
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e I'essS vul nerable to damage during
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IA-1 B or the protrusion 32 in A- 2B. Def orm ng
{ Reroplic Rapibd piRdast 10360 and Giatediacthodif MaepPeEs aln
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presshabie apppeiizdnay berdiangatednandinsteéas a sharp-bdBp ridge 141,

One, of, ordj.n skill jn the art recogni zes that
L6 o A ee0tioB LAty 36¥ ioh St obetaTis| SHse SomERNests 142 162 may
f
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r,tot on
se ec ed so as oav0|

a [v%%}cogouple. Figs. 7A and 7B depict an
embodiment where the sharp-edge ridge 141 of the container 142 presses
direct against and/or into softer material of the lid 143. Figs. 7C and 7D depict
an embodiment where the sharp-edge ridge 161 of the lid 162 presses direct
against and/or into softer material of the container 163. One of ordinary skill
in the art understands that only a portion of each of the enclosure components
may be made of the harder and/or softer material, for example, as may be
necessary to effect the seal between the enclosure components. Some
advantages of these designs include lower machining effort (i.e., easier to
manufacture), and the elimination of wires, gaskets, washers, and/or other
discrete crushable materials. One additional advantage of this embodiment,
and especially to the arrangement of Figs. 7A and 7B, is that the enclosure
component without the special geometric features (e.g., the lid 143 in Figs. 7A

and 7B, or the container 163 in Figs. 7C and 7D) may be discarded and/or
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in Figs. 1A and | B except that the crushable materi al

71 is disposed in a groove 72 on the contai ner 73 and
woOherdpor44espondi ng surface of the lid is confPguusenos010366

interact with the reactive nultilayer. |In another

exanple, Fig. 4C depicts a configuration simlar to

tm@pl@@ﬂdufgbeaelabﬁ foungitg e inadematopTag iher campenenianay also

(IR RORed, AR Baihade S PRI SR %r“%f’ov%g%%eﬁﬁ’oaﬁm

t hgadeé dfﬁ\@sdft@rfari‘d%ﬁchashﬁXetherlaHegg 43P hd:l¢msm Slg@ 7A and
configuration sim)]| to the conflguratlon in

ar®, 9B tex eepiainartg3 mrﬁég%rﬁfé REEI /D) rfdéteé‘»rﬂ%t|m@9_lde§pec'al
d' A&flc kbt gri.é{teer%?oéﬁ'?e EB@E%%E?H% beqfélaﬁ\%g&/ M%pensive

oSI ng trou roove IS On

[ Qéﬁ}arﬁjfaeturééndm ré;ﬂade pélativey & thensthbeenelnsur@ esryiponents set
enbodi ment of a hernetic seal ed product 100 and

r PR B8T91Bt hod of manufacture. In this enbodinent, a
crusha mat te |
T e Boss i G Blvattae of fhd PyBRRKE otilgla %@“tbﬁ’re@ﬁ?% of
| rwhocke aod sdahfertbrimlrewlﬁhﬂBthﬂ@GﬁNGO@dmpénents positioned within
/ US2004/.010366 onent S ont ai.ner
55 Snopaed Spars 06 e GooRier 2cs Bistetieni FelBEisyrtace
hearn%'/& cr@gf‘i’éﬁlé Qﬂéﬂgnﬁﬁﬁ@ﬂnﬁhé Hlo(obf tﬁb hgsibrmata leé bngs)older or

st eps may erforned on one or nor
t rbasamw)dhe’susruseddnﬁbaasmetlveqonamg ;mrocpss)vS@emflcally, in prewous

> Thp 808 iae ot SeAIRG SBief RIS fsts S hRergfas used, the
agpsibRAmberiNavile imféem@fteﬁ te,ﬁaté nﬁ@é%@s rﬁ@ﬁmykqﬁtosme
the crushabl e materi al b defornmed T n t

c@m@sed@acapféh@@pﬂtmeroand ﬁ@n@@mnﬂyrdﬂrﬁ@g@ 81e sensitive

C oRBRTEN hfodad 1Bl Aifie BibtinBple ot nifn Rinever,

defdcagske e séﬂ&@ﬁﬂfmm@p@ﬂ@l@héblb&né%r@l is pdtidnell inward of
106 and the container 103). The reactive nultilayer

f dhe fusigesnaienial, tealdsi hetweenthe fysiblerpataria) and dhe s@closed
t Id gfg‘ghtt%g a[fc{%(y o) it LIV ¢ bgquﬁplearﬁaf&??f?@ﬂdtfnﬁ\é|n(t)% the enclosed

acent por
C@m@@é @IfnUSda(rﬁa@e the bensiWGSComppserhddwdl thdrel@ & autsktantially

£ GotME It WemsUERtEd1 dhe Molsen Tughig aigkgl (e.0., solder

| Y 99l Ml e &S558 d by tRPESAMERIHACeA/EY EdshdBIR material
(e.g., wire, gasket, washer and its support, or by sharp-edge ridge). This is an
advantage over conventional reactive joining methods.

[049] Another advantage of the invention, exemplary embodiments
of which are set forth herein, is that the quality of the seal (e.g., due to the
sealing surface and/or crushable material) can be assessed and ensured
before the seal is made permanent (e.g., through reactive joining). This is the
case because prior to foil ignition and reactive bonding, the seal may be
obtained by applying pressure to one or more of the enclosure components
and deforming the sealing surface and/or crushable material. Should the
quality of the seal from this application of pressure be deemed unsatisfactory,
one or more portions of the enclosure assembly may be adjusted without

risking the loss of the sensitive component located within the container. Such
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i npl enmentation of this sealing configuration and/or

nmet hod may be advantageous because it nmay require
woess/oeabi ng pressure (e.g., to deform the crashabioa 010366

material) than the configurations and/or nethods set

f h i
C%&Lﬁ Lé]rgﬁr@)%/ 51,(;}1}; 4%%%3 ﬁg?@‘gfé‘ﬁ‘éqa %t,EVH%ssher and/or other

Cé’lﬂﬁ?@%‘ hﬂatt%r‘?éls g@l"s‘mﬁ’d tH(?%JPPéE%SS&torfe%rtrhoké‘ eﬁbl%urelA' 4D

ormation of the crushab
nesrepoaéntdde . ntrhe lidoaind/ancaentaines), or sedoqlingibe faulty portions of

Che s T ) ST ol gt o
ér'méWéh fy 'thé‘@n@b@@ﬁﬁn@@sd@éta%l ra%i%ﬁfa@é (Wérhnost
ot her usha e material. [046] Figs. 6A and

dalpematl\ae gppraaghel ewh@g @eplm 38 aeiiemdihteugh peémanent or

2‘2’{%@5&%&?? lt@r@’uB el%%%ﬁglggeé‘%ﬁgh alternatives

SM%fLﬁféelésérz\?del lr?% s@idérﬁ@ 6Nb?a@lhgnaé Qvetingd Ui of screws or
onponents 123 24 include protrusions 125, 126

(meg:han@hhqutaﬂﬁje r| dges) configured to interact with

a crus I]e terrl r%'t ln’-lr \‘meafn(}e {‘ | erification of the
shar pn ? S g nee & &
pﬁ@élﬂ?b‘?%@éééﬂ \thtdi’ t@'tmﬁﬁfﬁmlon@ff tﬁ@penﬁaﬁémmmd can be
material 127. en the two or nore encl osure

caﬁlmen@dmglngﬂgealﬁgatm appaRge AP EXxaMnle o suh Ageal testing

gﬁé‘é@@a@ﬁﬁ j)é( %@O\M %ﬂ?%r %ﬁ S‘Aess&%@g Eéﬁ#abgttﬂ@tdﬁﬁg%(tgs 200
Nzfrinelude ore draddte vadaim ‘thameweogﬁa Ipash -rod 20&ragr similar

ot her suitabl e crushable ter| 127. The ket
WEEIREAIST I RAISTtIRING PR O P@J@&%POQ%%@S@ G- the lid 203)

r?é i V@Z@% ot %ﬁ%ﬁ%@%@%@ Qfltﬂé%ntélﬁ@r 204)

ges nponents 123, 124)
aaddxmr applyfipptessurmor oinal or agrenportibes pf ﬁtaaelnckiesweenne or

e B0y HBEEne Nt 298N BRSO G TRgne] nert
oga% REchiHOGS AN 3 %é’@ rﬂlﬂ (*81‘“ eké’mf)@ BnaRe” a8 thixi e

upon def ormat | |ng may be acconplished by
exentairnigg $i€)f ooe enmqmewﬁatsemﬁ]fommaouamg tromothetghamber 201

O BRS80S SR pemole

CLHIRER 48 s TRik&IrE Fontding Rd)eBRd heans 207 for igniting the reactive
multilayer 208 (e.g., a reactive multilayer foil that may or may not have fusible
and/or joining materials). The push rod 202 may include a bellow 212, for
example, assist in moving the push rod 202 and/or seal the interface between
the push rod 202 and the wall of the chamber 201 through which the push rod
202 extends. The inlet and outlet may also be the same port (i.e., gas or a
gas mixture may be filled to and/or evacuated from the chamber by the same
inlet, outlet, and/or port). Examples of means 207 for igniting the reactive
multilayer 208 include an internal device which may provide an electrical,
thermal or mechanical stimulus, and/or an external device such as laser. In
the case where the means for igniting the reactive multilayer is a laser, an

optical path may be provided through the walls of the vacuum chamber 201.
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advant ages of this approach include (1) it my be

easier to handle sinple gaskets and/or washers than
wobbhewooreseri al s, (2) there may be | ower requPCEMSH03/010366

for surface flatness and finish (e.g, of the enclosure

con‘ponentzf and/or (3) less pressure nmay needed to

def or m[OhE crinymsbue embadimests, iripraness dosmanafdoturing a

S BB o T B 5 e PR B3ficcps:

exépbsitivn et OB Rcte @‘nc@sui’@b@fﬁbbﬁeﬁl@db@ %r@tﬁm“etr and I|d) in

140, 160 and rel ated nmethod of manufacture. hese

eriBe ghaghes 20 e(2)swagpate berahamrkari0! urisg étutab}e roedies known
d
15 EHR, ol o TG Py 00 o8

14rhartﬂ:6na(;lgrtowemowé a(ljrfmdanmlsiaw (@@m&glﬁﬁiescﬁeﬂfaberl@m with a
may used to .press direct ainst and into the
é{s&r & YR MU Using S(wtﬁhf{e MEABT 550WA I8 $he BHdFAr example,
I b
soingTh8 o 201308 TREPGAR T he BiI S 29532141 Fiton one of
arhlde EBckbsp're:coraponemmwlahIEeﬁo \ahet’mertelmelosshae pospoeents (e.g.,

0 ot B R ol S
a%e@? tﬁ@@'n%bsu?é‘c&%@ﬁéﬁ‘[%% ey etlllaeztﬁj‘ﬁéﬁhég%%h rod 202) in

ridge 161 of the 162 presses direct a
ampddertoi s&ad)tfmalfntwormambexlzwfandfer devicain 6rfrotﬁ3he @t of the

U0 by Pt RIS S i e
npdgedft dneeofihe @ﬂblo@ﬂﬁh‘ @6m§@ﬁél¢trs lﬁ%t @ﬁdtﬁér off t‘% ?nclosure
exanpl e, as may necessary t fect

beovRementss a@d&rcaﬂyr\@rtaélnrpmf @tﬁnysof ﬂ&}rb ﬁmbcakmant sqzﬁe‘ertbﬂﬁerem)

o LSRN nbEr 20 P S he bl MRpRs KRBl Gh e pefor
gaxkifigle, AVSHRINS putipéeinstideio thdl @tﬁfé’é%@ (8¥shads@e/verify the

materials. One additional advantage of this

etgRidiaie HsiNg amycswiable Mmeang ar@/ermequaﬁg@whm tbe art (e.g., a

R ] Borpol o B LR BRI g v

1¢atlsfacﬁrg89nﬁé\theifmd afid/oroeattivee nmﬂﬁlaymosléﬁd thugp@enanently

7C and 7D) may be di scarded and/or 15 WO 2004/091445

p@fpp‘j}@g@m)mgﬁ the measured leak rate is unsatisfactory, address the
one or more deficiencies and repeat one or more steps of the process. One
advantage of the invention is that it eliminates or minimizes the loss of
sensitive components during the sealing process.

[052] One of ordinary skill in the art realizes that any of the
aforementioned aspects of any of the embodiments may be combined with
any of the aspects of any of the other embodiments. Moreover, one of
ordinary skill in the art realizes that any of the aforementioned aspects may be
removed from any of the embodiments without departing from the true scope
of the invention. In addition, one of ordinary skill in the art realizes that the
embodiments disclosed in any of the references incorporated herein by
reference are exemplary only, and despite what may be written in the

disclosures, do not limit the invention in any way.

18



replaced if the seal is found to be inadequate. The
ot her conponent nmay al so be reused. Another advantage
woOod4vai44because the encl osure conponent nadePraf/ushm4/010366
softer and/or crushable material (e.g., the lid 143 in
Figs. 7A_and 7B, or the container 163 in Figs. 7C and
7D) dod358bt Qther gawosiypents of the dmantion Wik helanparentigtthose
e [ ive. t
KRS g SRS BopRerfor &) BbicBbifchlio BT il dtoe' & the
eneVertionedisclopem BBt S tttis iftonddd treat ¢har spEifedtidgnd examples
advant age of the invention, exenplary enbodi nents of. o
whecePngidered s anilABE @nli, Witk atfif stoRe e spirit péthe invention
c 3 A i t hjn..the encl osed space of
t he 3@@?@?%@?533@9§$@W@@¢gﬁ“B?‘the seal ing surface
and/or crushable material fromthe flow of the fusible
material (e.g., solder or braze) that is used in the
reactive joining process. Specifically, in previous
nmet hods where no seal ing surface and/ or crushable
material was used, the fusible material, while inits
nolten state, sonetines may |leak into the enclosed
space of the container, and consequently damage the
sensitive conponent housed therein. In the
enbodi nents di scl osed herein, however, because the
seal ing surface and/or crushable material is
positioned inward of the fusible material, that is,
between the fusible material and the encl osed space,
the possibility that the fusible material could flow
into the enclosed space and danage the sensitive
conponent housed therein is substantially reduced, if
not effectively elimnated. The nolten fusible
material (e.g., solder or braze) would be trapped by
the sealing surface and/or crushable material (e.qg.,
Wi re, gasket, washer and its support, or by sharp-edge
ridge). This is an advantage over conventiona
reactive joining nethods. [049] Another advantage of
the invention, exenplary enbodi ments of which are set
forth herein, is that the quality of the seal (e.g.
due to the sealing surface and/or crushable material)
can be assessed and ensured before the seal is made
permanent (e.g., through reactive joining). This is
the case because prior to foil ignition and reactive
bondi ng, the seal may be
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obt ai ned by applying pressure to one or nore of the

encl osure conponents and deform ng the sealing
weuodsaoe4and/ or crushable material. Shoul d t hepcgwabkioyi0366

of the seal fromthis application of pressure be

deenmed unsatisfactory, one or nore portions of the

en&! oggre asseEEI % ‘may be adjusted without risking

t sitive conmponent |ocated within the
contai ner. Such 16 WD 2004/091445 PCT/ US2004/ 010366
adj ust ment s Afethd totd@aliRg LAGging, édaﬁpﬁg i, gasket,

washer, and/or other suitable material, pol ing the

surfac ents (e.g.,

R ey e e%‘?ﬂ&or?eﬁﬂ% ﬁbﬁ”&rﬁ PRE faurty
portions of .the esg_\e%fure assi . This ability to
assess ROsEIORING  cjushyabie, maderia W@@nmﬁ ab'@ﬁﬁbm@wponents
sealing the enclosure is a substantial advantage over

nost  alpositieainga reagiiveavuiéiayeh eratedaldidtwgen shaahleasetivo

t hrough permanent or irrecoverable alterations to the
assarddneass; Exanpl es of such alternatives include

| aser wel ding, soldering or brazing, as well as the

use of JefdRvag He c%ﬁ@@!t@ waterl8beR&bForth 30Nal lo@’tweer} the at

various enbodinents of the invention, verificati

theeastwgl otr}éao?\fenw%@ea prior to the formation of the

pernanent can achi eved using a seal testing

appar at exa e of such a seal testin

appar aFH@”’Q@'y fgﬂlﬁ%’mng therepctiye multigysr Htag@i”?r“r’ﬁoﬁ'f‘gto join
8, the apparatus 200 nay include one or nore vacuum

c Hgrbbleasbiivo campas@ntisod 202 or sinmilar mechani smfor
positioning one of the encl osure conponents (e.g., the
lid 203) relative to the other enclosure conponent

(e.g., on top of the container 204) and/or applying

preSSUQe on [ :
or nore Inl@gﬁgtggﬁ};gg@ﬁﬂﬁgﬁ? EOII“??'E@Q .qﬁrﬁg&ble

gﬁ?atéﬁé’lrbeqmgﬁltﬁe a?féaspﬁ\% cor%%%natﬂ:sh He or Ar) or a

as mxture Fnert gas mxture
cont ai ni.n re out]ets 206 for evacuating
£ om ¢« Refeitebier 6 Vol gagninEhe c3adiprant wy%émategals
such He or Ar) or a gas mxture (for exanple,
i rr@littdafatgamﬁfwtrnm@ th@%#%blﬁl materia) so asdo jeiarie at)IBaBbtwo
igniting the reactive

components.

3. The method of claim 1, wherein the reactive multitayer material

includes a reactive multilayer foil.

4, The method of claim 1, wherein the reactive multilayer material

includes a fusible material.

5. The method of claim 1, wherein the seal is a hermetic seal.
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multilayer 208 (e.g., a reactive nultilayer foil that

may or may not have fusible and/or joining
worb@rowad4s) . The push rod 202 may include a bebtows2mb2/010366

for exanple, assist in noving the push rod 202 and/ or

seal the interface between the push rod 202 and the

wal | ofS-t he iamshodoficlaim 6uyhemn Shemmieallydgansformning the

202 extends. The inlet and outlet may al so be the sane

paeactiMe. multilayes ratesial fpamsrandthereseshpetyvecdn tHeeat Ibast two

and/ or evacuated fromthe chanber by the sane inlet,

oonsdonedsl/ or port). Exanples of nmeans 207 for

igniting the reactive multilayer 208 include an

i nternal device which nay provide an el ectrical,

t hermal or nechani cal stinulus, and/ or an external

devi ce _such S, Ia er e case ere

i gniti XS t he rﬁﬂ? a‘{Y@P“?“% em%aé"ﬁr hE Srtningihe
optical path nay be rOV|ded throuqh the walls of the
v deaktiiecRlRRer Toateriahstablizew the oAl hesween the at least two
PCT/ US2004/ 010366 [051] In various enbodi nents, the
prcoogsments. manuf acturing a hernetically seal ed
product may include one or nore of the follow ng
steps: (1) position the two or nore enclosure
conponents (e.g., container and lid) in the chanber
201, (3 eV%%tﬂcfbeoﬁaéﬂperw%gﬂelﬂ“ﬂ?ﬁé‘gnéﬂ‘ﬂe? ggéﬁs%}%etlc
known in the art, for exanple, a vacuum
cQ Eggcted to the outlet 206 (partlcularly to renove

' nd noi sture), (3) backfill the chanber 201 with a
gas or a gas m xture using suitable nmeans known in the
art (for exanple, filling the chanber 201 with inert
gases via the inlet 205), (4) position one of the
encl os& e cdipometitasl ofetlaitm ¢ ewhereimdefemirg theosusbable
conmponents (e.g., place the |id 203 on top of the
C omitarialeincliaés apptliepfirye ib asRUEEON® ofthd gdBhst tke Of
the encl osure conponents (e.g., to the lid 203 via the
p%§H1 % n&02) in order to seal the interior chanber

or device 210 fromthe rest of the chanber

201 (e.g., by deform ng a crushable material, placing
a sharp edged ridge of one of the enclosure
conponents iLnto another of the enclosure conponents
and/ or 18ny Ve aet fod@mﬂJp@ﬁéc%'?ﬂﬁﬁainﬂé?ﬁte%'ﬂmg the
forth herein), (5) evacuate the chanmber 201 using
squgliylaf thesssl. known in the art, for

11.  The method of claim 10, wherein determining the quality of the

seal includes determining a leak rate of the seal.

12.  The method of claim 10, further comprising providing
predetermined quality parameters for the seal,
wherein determining the quality of the seal includes determining

whether the quality of the seal is within the predetermined quality parameters.
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exanpl e, a vacuum punp connected to the outlet 206,

(6) neasure/verify the leak rate using any suitable
worengaad/ or net hods known in the art (e.g., &CT/US2004/010366

detector 211 connected to the outlet 206). If the

measured | eak rate is satisfactory, ignite the foil

and/ or reactive nultilayer 208 and thus pernmanently

seal the enclosure. If the neasured |leak rate is

unsat i sfact oftye naddod ef claim 1, aierein oensicalpf irghsfohig the

and repeat one or nore steps of the process. One

a%aaﬁ\?&muﬂflayé}embféﬁ%mdcﬁﬂwsﬁgﬁlﬂﬁ@ at et 'a%cﬂﬁéﬁ%f tHe ; feactive

mnimzes the | oss of sensitive conponents during
S I [052] One of ordinary skill in the
?ﬁh E&nggggﬁ%at any of the aforenentioned aspects
of any of the enbodi nents may be conbined with any of
the aspects of any of the other enbodi nments. Moreover,
one of ordinary skill in the art realizes that any of
t he af otenenthemeihed peelain fayheeein defierming the srustvablsf
t he enbodi nents without departing fromthe true scope
ofméatedal seastindnterion ohtitd tontaineo frenoiin @utsidayvesnikent.
in the art realizes that the enbodinments disclosed in
any of the references incorporated herein by
reference are exenplary only, and despite what may be

.WL{,L,L? i (?nn, Lﬁgeng%\‘;@&d 818@%%" zﬂgﬂéggtgh‘l@s ngt Q&ecting the reactive
U Sh Rt eogs ol btk B B B < ne art

from consideration of the specifi catl on and practice
of the invention disclosed herein. It is intended
that the specification and exanples be considered as
exenpl dby onlhe methdd of ¢laine 1swhpmeimitite spishiableofatdrial is
i nvention being indicated by the following clains. 19

WooANGdreddb4Ernianentipdefth?10366  WHAT 1S CLAI MED | S:

1. A nethod for sealing a container, conprising:
provi ding at | east two conponents of t he contai ner;

17.  The method of claim 1, wherein the crushable material is

configured to reversibly deform.

18. The method of claim 1, wherein the crushable material includes

a soft metal.

19.  The method of claim 18, wherein the soft metal includes at least

one of copper, gold, aluminum, stainless steel, Kovar, and soft solder.

20. The method of claim 1, wherein the crushable material includes

a compressible polymer.
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positioning a crushable material between the at | east

two conponents; positioning a reactive nultilayer
woab@wooad4sbet ween the at | east two comnponent SPCT/US2004/010366

deformi ng the crushable material so as to forma seal

between the at |east two conponents; and chem cally

transformng the reactive nultilayer material so as to

join the at | east two conponents. 2. The nethod of

cl ai m 21.f urthemetboagef slaing 20owhereinitihg canfrresdible polymer

mat eri al between the at | east two conponents; wherein

chirdudes by Idasaoat @f iung rubiser; eiticon vebser hd aiten.

material includes transform ng the fusible nateri al

so as to join the at |east two conponents. 3. The

met hod of claim1l, wherein the reactive nultilayer

mat er i [ j Lti.l aver foi 4. The.

mot hod 25 el ATENGBFBRR R MHelsb RECnlsPiable.iatena is
mat er,i al . i ncl udes a .fusi g%e material . 5. The method
ofPOSHigNEdon GR dpwand sitle o5 g reastive Rutilayercmatarial relative to the
WO 2004/ 091445 PCT/ US2004/ 010366 6. The nethod of

clositgitle enyifen@ient.cheni cal |y transforning the reactive

mul tilayer material forns another seal between the at

| east two conponents. 7. The nmethod of claiml,

wherein chemcally transform ng the reactive

nmul til ager nHeEetodbPabin 7 eRirthe céﬁ?{isﬁﬁaﬁlﬂ%%gﬁﬁé‘@ d*bove on

| east two conponents. 8. The nethod

rel r | _I.&.a hernmetic seal. 9. The
mn@?]ﬁgd(ﬂg%%g%%?n&qg Q ré]feh?sdef orm ng the crushable
mat eri al, i ncl udes appl.yin ofce to .| east one of
t he at WHELE RO |onlﬁgtl¥e cr%sLaBle mater%ﬁ includes placing the

crushable material in the groove.

24.  The method of claim 1, further comprising providing a protrusion
on one of the at least two components;
wherein deforming the crushable material includes deforming the

crushable material against the protrusion.

25.  The method of claim 24, further comprising providing another
protrusion on another of the at least two components,
wherein deforming the crushable material includes deforming the

crushable material against the another protrusion.

26.  The method of claim 1, further comprising providing a groove on

one of the at least two components,
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conmponents. 10. The nmethod of claim11, further

conprising determning the quality of the seal. 11.
woheoseidaod of claim 10, wherein determ ning tReT/US2004/010366

quality of the seal includes determning a leak rate

of the seal, 12, The nethod of claim 10, further

conpri SYRRyept defoaming ther@ushahiaimaigrigiariudes sieferming the

for the seal, wherein determning the quality of the

s edushatde mrdsridldnter thengragvewhet her the qual ity of the

seal is within the predeterm ned quality paraneters.

21 WD 2004/ 091445 PCT/ US2004/ 010366 13. The et hod of

claim1, wherein chemcally transform ng the reactive

mul til r j ' b QN : :

ort i oot (s icRiod QECHMER, pllel B dithidha 2 gmer on

erial .

o) ' rein.deformng the crushable
%@rﬁgﬂgégﬁsﬂ\&oic%qngﬁtsof the container from an
outside envjronnent. 15. The pethod of claim1,

f ur t heVNESRIPr P RNIRG the siushableanaiesi@l indudes plaringthe
mat eri al based on the strength of the seal desired.
16leformbie maserialfindhaicarner. wherei n the crushabl e
material is configured to permanently deform 17. The
nmet hod of claim1l1, wherein the crushable material is
configured to reversibly deform 18. The nethod of

cl ai m g whetpi RetHery &Fﬁ%ig@g,lfﬁgtlﬁgf %5*{@'”3!{5323#"99@%}%% corner on

soft netal. 19. The net

s%fn%_dﬁ‘ﬁglatle%%ltr{,gcggoﬁogbgﬁtsst one of copper, gold,

al'um nun ‘stain Kovar, and soft sol der. 20.

The net hod of  cl ai _m][ wherein the crushable materi al
i ncl ud er%ﬂ“&ﬁ%ﬁ%@gi be &rushapipematerial includes deforming the

crushable material into the corner.

29. The method of claim 1, wherein one of the at least two
components is a lid and the other of the at least two components is a

container body.

30. A sealed product, comprising:

at least two components defining a container;

a crushable material disposed between the at least two components,
the crushable material being in a deformed state and forming a seal between
the at least two components; and

a remnant of a chemical transformation of a reactive multilayer material
disposed between the at least two components and joining said at least two

components.
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WD 2004/ 091445 PCT/ US2004/ 010366 21. The nethod of

claim 20, wherein the conpressible polyner includes at
woeeastHosorae of buna rubber, silicon rubber, andpgiriusm04/010366

22. The nethod of claim 14, wherein the crushabl e

material is positioned on an inward side of the

reactive nmultilayer material relative to the outside

environment. 23. The nmethod of claim1, further

conpri sihg prievsedled paodua of elaim 30 wenaséintthe retictiveasiultilayer

two conponents; wherein positioning the crushable

mahgterial inchrledderedetias imdtiher foilr ushabl e material in

the groove. 24. The nmethod of claim1, further

conprising providing a protrusion on one of the at

| east two conponents; wherein deform ng the crushable

mat eri i ncl,udes .def orm ng.t he ushabl e, mat er | al )
ngai ns % ho oteaIEs BrodLed 8t sl Al e pF2earhs mutiayer
further conprising providing another protrusion on
anbaiesal Beludge alusitiasrateli®)- conponent s, wherei n

deform ng the crushable material includes deformng

the crushable material agai nst the another
protrusion. 26. The nethod of claim1, further

conpri 9319 pPrevsatied podlicdof lain 320hepintthe fadible8Rsterial is
two conponents, 23 WO 2004/ 091445 PCT/ US2004/ 010366

w@%ﬁﬁggre@%ﬁ@ﬁitns t %sff kWS %69@%;&%@ i al includes

deformng t crus e material into the groove. 27.

The method of claim1, further conprising providing a

corner on one of the at | east two conponents, wherein

positiqni ng_the crushabl e terial includes placing .

Phe.  deflor mANPCSGARGPI QLG AT ERIM c0s Fner spmTRng:a twolble

of claim11, further conprising providing a corner on
material disposed between the at least two components.

35.  The sealed product of claim 34, wherein the fusible material is

configured to join the at least two components.

36.  The sealed product of claim 30, wherein the crushable material
is located on an inward side of the remnants of the chemical transformation of

the reactive multilayer material.
37.  The sealed product of claim 30, wherein the crushable material

and the remnant of the chemical transformation cooperate to form a hermetic

seal between the at least two components.
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one of the at |east two conmponents, wherein deform ng
the crushable material includes deformng the

wonostHabl4e material into the corner. 29. The mecinas2#/010366
claim1, wherein one of the at |east two conponents
is alid and the other of the at |east two conponents
is a c¥htai g sealed praductofstaimed0.priarrgdt the crushable material
conprising: at |least two conponents defining a
cantcanfiguredaoqrarsizakhtly oefarm.al di sposed between the
at |least two conponents, the crushable material being
in a deforned state and form ng a seal between the at
| east two conponents; and a remmant of a chenica
transf ti r Y {4 ri :
di sposgg 'bet@eibegé?l g pZ?&'lE(ga(gtd%’t\noé%gMn@%rﬁm ? égﬁ%hable material
jaining said at |east t conponents. 24 WO
208 4P 8@W'§q969Wﬂ§g%bQ?€§6§66 31. The seal ed product
of claim 30, wherein the reactive nultilayer materi al
includes a reactive nultilayer foil. 32. The seal ed
product of claim 30, wherein the reactive nmultilayer
mat er i &40.i ncThelssalad fusdidtef ckimr 3G Iwhe8in theecrasizditsd material
product of claim 32, wherein the fusible material is
canéluays akdomegiln the at | east two conponents. 34.
The seal ed product of claim30, further conprising a
fusible material disposed between the at |east two
conmponents. 35. The seal ed product of claim 34,
wherein, the fusible material |s nfigured to join. .
the' at Ibast HERSUEHpENGHRt Y olsim 4 nedaiclie seokifefe includes
claim 30, wherein the crushable material is |ocated
orptdeastangref copger.¢iold rRiumiHanstainkess steek iovae.and soft solder.
transformation of the reactive nmultilayer material.

42.  The sealed product of claim 30, wherein the crushable material

includes a compressible polymer.

43.  The sealed product of claim 42, wherein the compressible

polymer includes at least one of buna rubber, silicon rubber, and viton.

44.  The sealed product of claim 30, wherein the crushable material
is at least partially disposed in a groove of one of the at least two

components.

45. The sealed product of claim 44, wherein the crushable material
is at least partially disposed in another groove of another of the at least two

components.
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37. The seal ed product of claim 30, wherein the

crushable material and the remant of the chem cal
woOnrengboieat i on cooperate to forma hernetic 8e&US2004/010366

between the at | east two conponents. 25 WD 2004/ 091445

PCT/ US2004/ 010366 38. The seal ed product of clai m 30,

wherein the crushable material 1is configured to

permanently deform 39. The seal ed product of claim

30, whet@i n Thesealedippbtectmickainad0, wherebnthiegerusidable material

reversi bly deform 40. The seal ed product of claim 30,

whs idispostl exgaiingt kaproerusnesn ehe of the atdeastawsoédmpBh@hts.

41. The seal ed product of claim40, wherein the soft

metal includes at |east one of copper, gold,

al um num stainless steel, Kovar, and soft sol der.

42. The,seal f .claj rein the .
crushab 72 maftg% F‘é@gaﬁgﬁﬁ%g%%%%e&& tﬁep%P%%t?'? material
43. The seal ed prodyct of claim42, wherein the

c SRHISPOSPR againsd ppRETerinieirikien ogranather ofdhe abfeasideo
rubber, silicon rubber, and viton. 44. The seal ed
progduRanests.cl ai m 30, wherein the crushable materi al

is at least partially disposed in a groove of one of

the at least two conponents. 45. The seal ed product

of claim44, wherein the crushable material is at

| east ppy.ti affle/selisn Rrasudt bf apmhiey f .
of the at Ieaststvvo %gonponents. Zémvf\oe?g%gg géﬁﬁésmg?natenal

WP i en tong PR S e Blnlents Pt 7

protrusion on one of the at | east two conponents. 47.

The seal ed product of claim 30, wherein the crushable
material is_disposed agai nst anot her protrusion on

anot het%f tlhe sgaled pseduchief claim 30, wherein one of the at least two

components is a lid and another of the at least two components is a container

body.

50.  Akit for forming a sealed container, comprising:

at least two components which, when joined, define the container;

a crushable material configured to be positioned between the at least
two components; and

a reactive multilayer material configured to be positioned between the
at least two components,

wherein the crushable material, in a deformed state, is configured to

substantially form a seal between the at least two components,
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conmponents. 48. The seal ed product of claim 30,

wherein the crushable material 1is disposed in a
woaomawi4af one of the at |east two conponents. pPd®UST0a/010366

seal ed product of claim 30, wherein one of the at

| east t conponents is a | jd and, another of the at

| east t"\&ﬁer@ah%aﬁ@ﬁt 3 ppgiog %‘Jothﬁ deReive @Hﬁ%y%wat&rlm I8

for form ng a seal ed container, conprising: at |east

t veenfigufeshions chennidally Waesfiroiedesh asitd joir thehat least two

container; a crushable material configured to be

pasintpargds.bet ween the at | east two conponents; and a

reactive nultilayer material configured to be

positioned between the at |east two conmponents,

wherein the crushable material, in a deforned state,

i s confd.gur t tal f al tween, .
the at east TSt eEHBBRER, Wheln | RiB17 3y REn EF Rateria
PCT/ US2004/ 010366 wherein at |east a portion of the

r dBEHAGR aEReHveWHtilaYardel-al is configured to be
chemcally transforned so as to join the at |east two
conmponents. 51. The kit of claimb50, wherein the

reactive nultilayer material includes a reactive
mul til @ger fTid kit 6Rclaifh&0kivhedin ¢harendiVe ratiglgen nidigrial
reactive nmultilayer material includes a fusible

MRk &1 dEd af§§b|eT,?§téﬂaq_ of claim52, wherein the fusible
material is configured to join the at |east two

conmponents. 54. The kit of claim50, further
conprising a fusible material configured to be

di spos be en, t at | east t C nents., 55. The
kit of Bra %4'?“ aﬂéﬁwﬁ t WBereia the Biswklp anpigfial & configured to

configured to join the at |east two conponents.
join the at least two components.

54.  The kit of claim 50, further comprising a fusible material

configured to be disposed between the at least two components.

55.  The kit of claim 54, wherein the fusible material is configured to

join the at least two components.
56.  The kit of claim 50, wherein the crushable material is configured

to be positioned on an inward side of the reactive multilayer material relative

to the outside environment.
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56. The kit of claim 50, wherein the crushable

material is configured to be positioned on an inward
weidr/of445 he reactive nmultilayer material rel aPCYAIS2008/010366

t he outside environnent. 28 WO 2004/ 091445

PCT/ US2004/ 0103 57. The kit of clai 0, wherein

the cr hablagh%‘gfgf P'&Fmﬁ)d V‘g“%"%'ﬁﬁaﬁtcﬂdﬁrﬂ% maieraland a

transformati on of the reactive nultilayer materi al

cdepuieat ef the ehgmical Hansfermatieraf thesteestive nhutilayer matarial

two conponents. 58. The kit of claim50, wherein the

c ragipabdte todoren Bdtermeticeebl betvaxbn the gidsastriedtdamponents.

deform 59. The kit of claimb50, wherein the crushable

material is configured to reversibly deform 60. The

kit of claimb50, wherein the crushable materi al

i ncl ud a : 1 ' L.aime60, .
wher ei §§8t he Eﬁcg {(lt grrgé'lglm iﬁcwagggn?eé F@-Lsgfabgengla?%qal is configured
cqQpper ol al umi num stainless steel, Kovar, and
sgstpe%'ﬁggpgy gg}_on:ﬁ.]e kit of claim50, wherein the
crushabl e material includes a conpressible polyner.
63. The kit of claim 62, wherein the conpressible
pol ynmer includes at |east one of buna rubber, silicon
r ubber ,5%nd et kihof @4im SBewketeinthe baismabl materiisiconfigured
one of the at |east two conponents includes a groove
cenre@tsidl) dofoph, | east partially receive the crushable
material. 29 WD 2004/ 091445 PCT/ US2004/ 010366 65. The
kit of claim64, wherein another of the at |east two
conponents includes another groove configured to at
| east rtially.receive_.the crushabl e erial, 66.
ek B g it SialinaP evhetie Crisbabe Thateial ingides a
co onen}s

sott metal.

61.  The kit of claim 60, wherein the soft metal includes at least one

of copper, gold, aluminum, stainless steel, Kovar, and soft solder.

62. The kit of claim 50, wherein the crushable material includes a

compressible polymer.

63.  The kit of claim 62, wherein the compressible polymer includes

at least one of buna rubber, silicon rubber, and viton.

64.  The kit of claim 50, wherein one of the at least two components
includes a groove configured to at least partially receive the crushable

material.
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i ncludes a protrusion configured to be di sposed

agai nst the crushable material. 67. The kit of claim
woQeoqbensei N anot her of the at |east two conpBAEMISS004/010366

i ncl udes anot her protrusion configured to be disposed
agai nst the crushable material. 68. The kit of claim
50, wherein one of the at |east two conponents

i ncl udes_a corner conflgyred to receive the crushabl e

mat er i 2 69T hearki ok iclaigfo4s MileneiBENather of the e doadt twbe
at |l east two conponents is a lid and another of the
atcdrepenerttsinatadgmarothsr goeanigl ey tobaldéasﬂ&artléﬂy receive
seal testing apparatus, conprising: a chanber;

i rthercnmshble afdtegalr ed to apply pressure to a contalner
di sposed in the chanber; a port configured to provide
and renove gas fromthe chanber; 30 WD 2004/091445
PCT/USZOO4/010366 a trigger configured to initiate a
chem c tion _af reactive multilaye

mat eri &1° an eagﬁggﬁlaggég Wgﬁr%ﬁﬁpﬁﬁfﬂ@ﬂaﬁ@afd \We components
|l eak fromthe container. 71. The seal testing

ﬂ)‘g\‘?ﬁ%é‘ REptrgsign r?p'ﬂﬁguKﬁﬁletpélerﬂlsn@sedsagams’ethe crushable
multilayer material is a reactive multilayer foil. 72.
Theatsgal. testing apparatus of claim 70, wherein the
instrunent is a push rod. 73. The seal testing
apparatus of claim 70, wherein the chanber is a
vacuum chanber. 74. The seal testing apparatus of

Vacunme T tneCchaaagn? 9 whirei Ao R EF 9}%35'%%5
onnected t

t
gfgaﬁlg%hgbzs |nga%rs%'n%ther prggusmn con? igured to be dlspgsed against

the crushable material.

68.  The kit of claim 50, wherein one of the at least two components

includes a corner configured to receive the crushable material.

69.  The kit of claim 50, wherein one of the at least two components

is a lid and another of the at least two components is a container body.

70. A seal testing apparatus, comprising:

a chamber;

an instrument configured to apply pressure to a container disposed in

the chamber;

a port configured to provide and remove gas from the chamber;
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76. The seal testing apparatus of claim70, wherein
the port is connected to a vacuum source. 31
WO 2004/091445 PCT/US2004/010366

a trigger configured to initiate a chemical transformation of a reactive
multilayer material; and

a leak detector configured to detect a leak from the container.

71.  The seal testing apparatus of claim 70, wherein the reactive

multilayer material is a reactive muitilayer foil.

72. The sgal testing apparatus of claim 70, wherein the instrument is

a push rod.

73.  The seal testing apparatus of claim 70, wherein the chamber is

a vacuum chamber.

74.  The seal testing apparatus of claim 70, wherein the port is

configured to create a vacuum in the chamber.

75.  The seal testing apparatus of claim 70, wherein the port is

connected to a source of gas.

76.  The seal testing apparatus of claim 70, wherein the port is

‘connected to a vacuum source.
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