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HERMETICALLY SEALED PRODUCT AND 
RELATED METHODS OF MANUFACTURE 

CROSS-REFERENCE TO RELATED 
APPLICATION 

[0001] This application is a divisional application of US. 
patent application Ser. No. 10/814,243, ?led Apr. 1, 2004, 
noW pending, and claims the bene?ts of priority under 35 
U.S.C. §§119(e) to US. Provisional Patent Application No. 
60/461,196 to David P. VAN HEERDEN, Dale DEGER, 
Timothy P. WEIHS, and Omar M. KNIO, entitled METHOD 
OF HERMETIC SEALING AND RESULTING PROD 
UCTS, Which Was ?led on Apr. 9, 2003, the entirety of all 
of Which are incorporated herein by reference. 

DESCRIPTION OF THE INVENTION 

[0002] 
[0003] The invention includes hermetically sealing enclo 
sure 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. 

[0004] 2. Background of the Invention 

1. Field of the Invention 

[0005] Hermetic sealing is used to protect many sensitive 
devices from the damaging e?fects of exposure to harmful 
environments. Examples of such sensitive devices include 
optical devices, photonic devices, ?ber optics, MEMS and 
biomedical devices. Generally, sealing is achieved by encap 
sulating the sensitive component in a leak-tight enclosure, 
e?fectively isolating the component from the environment. 

[0006] Several simple methods exist for sealing sensitive 
devices and components. Among them are the use of adhe 
sives, epoxies, and mechanical fasteners. HoWever, each of 
those methods have disadvantages that may prevent effec 
tive sealing. For example, adhesives and epoxies may 
degrade When exposed to heat and humidity. In another 
example, mechanical fasteners may require tight machining 
tolerances and may sulTer from potentially loW reliability 
(i.e., not provide a su?iciently leak-tight enclosure). 

[0007] For high-end applications, the preferred methods of 
sealing include laser Welding, e-beam Welding, and thermal 
resistance Welding. When carefully applied, these methods 
result in strong, substantially leak-tight, uniform bonds and 
are consequently quite effective at limiting the leak rates to 
very small values. These methods, hoWever, also have 
drawbacks. For example, implementing these methods 
require tight tolerances and have high capital costs. Addi 
tional draWbacks include the need for surface treatment 
(e. g., polishing or machining the enclosure after implement 
ing the sealing process), and the possibility that the sealing 
process may cause thermal damage to the enclosure mate 
rials being joined, Which in extreme cases results in the loss 
of both the enclosure and the components disposed therein. 
Thus, there is need for an improved, more e?‘ective means 
for hermetically sealing sensitive components and devices. 

[0008] One improved method for hermetically sealing 
sensitive 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 
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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. 

[0009] Reactive multilayer joining has been knoWn for 
quite a While. The process has been described in detail in 
US. Pat. No. 5,381,944, the entirety of Which is incorpo 
rated herein by reference. Several improvements to the 
process in US. Pat. No. 5,381,944 are disclosed in US. 
Provisional Patent Application No. 60/201,292 ?led on May 
2, 2000 and entitled “Reactive Joining Using Multilayer 
Materials,” the entirety of Which is incorporated herein by 
reference. The reactive multilayers used in the reactive 
joining process are nanostructured materials that are typi 
cally fabricated by vapor depositing hundreds of nanoscale 
layers that alternate betWeen elements With large, negative 
heats of mixing such as Ni and Al. Various implementations 
of these methods are disclosed in the folloWing publications, 
the entirety of all of Which are incorporated herein by 
reference: US. Pat. No. 5,538,795; US. Pat. No. 5,547,715; 
an article entitled “Deposition and Characterization of a 
Self-Propagating CuOx/Al Thermite Reaction in a Multi 
layer Foil Geometry” published in Journal of Applied Phys 
ics, Vol. 94(5) on Sep. 1, 2003; US. patent application Ser. 
No. 09/846,486 ?led May 1, 2001 (US. Patent Application 
Publication No. 20020182436); and a chapter entitled “Self 
Propagating Reactions in Multilayer Materials” published in 
the 1998 edition of the Handbook of Thin Film Process 
Technology edited by D. A. Glocker and S. I. Shah. Alter 
native methods for fabricating nanostructured reactive mul 
tilayers include mechanical processing, Which is described 
in US. Pat. No. 6,534,194, the entirety of Which is incor 
porated herein by reference, and electrochemical deposition. 

[0010] Sealing enclosures With reactive multilayer join 
ing, hoWever, has failed to produce an enclosure With 
acceptably loW leak rates necessary for high-end compo 
nents. This failure can be traced to tWo Well knoWn eiTects: 
(i) densi?cation 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 e?fects cause 
the formation of cracks along the foil Which are subse 
quently ?lled 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 con?rmed 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 ?lled With the fusible mate 
rial, the seal may fail or target leak-rates may not be 
achieved. Consequently, reactive joining does not currently 
o?fer an adequate means for consistently forming high-end 
hermetic seals. 

SUMMARY OF THE INVENTION 

[0011] Embodiments of the invention include a method for 
sealing a container. The method includes, providing at least 
tWo components of the container, positioning a crushable 
material betWeen the at least tWo components, positioning a 
reactive multilayer material betWeen the at least tWo com 
ponents, deforming the crushable material so as to form a 
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seal between the at least tWo components, chemically trans 
forming the reactive multilayer material so as to join the at 
least tWo components. 

[0012] In various embodiments, the invention may include 
one or more of the following aspects: positioning a fusible 
material betWeen the at least tWo components; chemically 
transforming the reactive multilayer material may include 
transforming the fusible material so as to join the at least tWo 
components; the reactive multilayer material may include a 
reactive multilayer foil; the reactive multilayer material may 
include a fusible material; the seal may be a hermetic seal; 
chemically transforming the reactive multilayer material 
may form another seal betWeen the at least tWo components; 
the another seal may be a hermetic seal; deforming the 
crushable material may include applying force to at least one 
of the at least tWo components; determining the quality of 
the seal; determining the quality of the seal may include 
determining a leak rate of the seal; providing predetermined 
quality 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; chemi 
cally 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 
con?gured to permanently deform; the crushable material 
may be con?gured to reversibly deform the crushable mate 
rial 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 positioned on an inWard side of 
the reactive multilayer material relative to the outside envi 
ronment; providing a groove on one of the at least tWo 
components; positioning the crushable material may include 
placing the crushable material in the groove; providing a 
protrusion on one of the at least tWo components; deforming 
the crushable material may include deforming the crushable 
material against the protrusion; providing another protrusion 
on another of the at least tWo components; deforming the 
crushable material may include deforming the crushable 
material against the another protrusion; providing a groove 
on one of the at least tWo components; deforming the 
crushable material may include deforming the crushable 
material into the groove; providing a corner on one of the at 
least tWo components; positioning the crushable material 
may include placing the deformable material in the comer; 
providing a corner on one of the at least tWo components; 
deforming the crushable material may include deforming the 
crushable material into the corner; one of the at least tWo 
components may be a lid and the other of the at least tWo 
components may be a container body. 

[0013] Another embodiment of the invention includes a 
sealed product. The sealed product includes at least tWo 
components de?ning a container, a crushable material dis 
posed 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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[0014] 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 con?gured 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 crush 
able material and the remnant of the chemical transforma 
tion may cooperate to form a hermetic seal betWeen the at 
least tWo components; the crushable material may be con 
?gured to permanently deform; the crushable material may 
be con?gured 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 be at least partially disposed in a 
groove of one of the at least tWo components; the crushable 
material may be at least partially disposed in another groove 
of another of the at least tWo components; the crushable 
material may be disposed against a protrusion on one of the 
at least tWo components; the crushable material may be 
disposed against another protrusion on another of the at least 
tWo components; the crushable material may be disposed in 
a corner of one of the at least tWo components; one of the at 
least tWo components may be a lid and another of the at least 
tWo components may be a container body. 

[0015] A further embodiment of the invention includes a 
kit for forming a sealed container. The kit includes at least 
tWo components Which, When joined, de?ne the container, a 
crushable material con?gured to be positioned betWeen the 
at least tWo components, and a reactive multilayer material 
con?gured to be positioned betWeen the at least tWo com 
ponents. The crushable material, in a deformed state, is 
con?gured to substantially form a seal betWeen the at least 
tWo components. At least a portion of the reactive multilayer 
material is con?gured to be chemically transformed so as to 
join the at least tWo components. 

[0016] 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 con?gured to join the at least tWo 
components; a fusible material con?gured to be disposed 
betWeen the at least tWo components; the crushable material 
may be con?gured to be positioned on an inWard side of the 
reactive multilayer material relative to the outside environ 
ment; the crushable material and a remnant of the chemical 
transformation of the reactive multilayer material may coop 
erate to form a hermetic seal betWeen the at least tWo 
components; the crushable material may be con?gured to 
permanently deform; the crushable material may be con?g 
ured 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 com 
pressible polymer; the crushable material may include at 
least one of buna rubber, silicon rubber, and viton; one of the 
at least tWo components may include a groove con?gured to 
at least partially receive the crushable material; another of 
the at least tWo components may include another groove 
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con?gured to at least partially receive the crushable mate 
rial; one of the at least tWo components may include a 
protrusion con?gured to be disposed against the crushable 
material; another of the at least tWo components may include 
another protrusion con?gured to be disposed against the 
crushable material; one of the at least tWo components 
includes a corner may be con?gured to receive the crushable 
material; one of the at least tWo components may be a lid and 
another of the at least tWo components may be a container 
body. 

[0017] Yet another embodiment of the invention includes 
a seal testing apparatus. The seal testing apparatus includes 
a chamber, an instrument con?gured to apply pressure to a 
container disposed in the chamber, a port con?gured to 
provide and remove gas from the chamber, a trigger con 
?gured to initiate a chemical transformation of a reactive 
multilayer material, and a leak detector con?gured to detect 
a leak from the container. 

[0018] In various embodiments, the invention may include 
one or 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 con?gured 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. 

[0019] It is 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. 

[0020] The accompanying draWings, Which are incorpo 
rated in and constitute a part of this speci?cation, illustrate 
one (several) embodiment(s) of the invention and together 
With the description, serve to explain the principles of the 
invention. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0021] FIGS. 1A-1B are various schematic vieWs of com 
ponents of a sealed product and a portion of a sealed product, 
according to another embodiment of the invention; 

[0022] FIGS. 2A-2B are various schematic vieWs of com 
ponents of a sealed product and a portion of a sealed product, 
according to another embodiment of the invention; 

[0023] FIGS. 3A-3B are various schematic vieWs of com 
ponents of a sealed product and a portion of a sealed product, 
according to a further embodiment of the invention; 

[0024] FIGS. 4A-4B are various schematic vieWs of com 
ponents of a sealed product and a portion of a sealed product, 
according to yet another embodiment of the invention; 

[0025] FIG. 4C is a schematic vieW of a portion of a 
sealed product, according to a yet further embodiment of the 
invention; 

[0026] FIG. 4D is a schematic vieW of a portion of a 
sealed product, according to still another embodiment of the 
invention; 

[0027] FIGS. SA-SB are various schematic vieWs of com 
ponents of a sealed product and a portion of a sealed product, 
according to a still further embodiment of the invention; 
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[0028] FIGS. 6A-6B are various schematic vieWs of com 
ponents of a sealed product and a portion of a sealed product, 
according to another embodiment of the invention; 

[0029] FIGS. 7A-7B are various schematic vieWs of com 
ponents of a sealed product and a portion of a sealed product, 
according to a further embodiment of the invention; 

[0030] FIGS. 7C-7D are various schematic vieWs of com 
ponents of a sealed product and a portion of a sealed product, 
according to yet another embodiment of the invention; and 

[0031] FIG. 8 is a schematic vieW of a seal testing 
apparatus, according a yet further embodiment of the inven 
tion. 

DESCRIPTION OF THE EMBODIMENTS 

[0032] Reference Will noW be made in detail to the exem 
plary embodiments of the invention, examples of Which are 
illustrated in the accompanying draWings. Wherever pos 
sible, the same reference numbers Will be used throughout 
the draWings to refer to the same or like parts. 

[0033] FIGS. 1-8 depict various exemplary embodiments 
of a hermetically sealed product and related methods of 
manufacture. The hermetically sealed product may include a 
judicious combination of a mechanical seal and a reactive 
multilayer joint. Speci?cally, the hermetic sealed product 
may include a combination of (l) a “crushable” or “soft” 
material Which, When adequately deformed under pressure, 
results in a high-quality seal betWeen the device and the 
environment, and (2) a reactive multilayer joint Which 
maintains the mechanical integrity of the seal after the force 
(e.g., pressure) applied to deform the “crushable” or “soft” 
material is removed. 

[0034] An exemplary embodiment of a method for manu 
facturing the hermetically sealed product may include: (a) 
positioning one or more crushable materials betWeen tWo or 

more components that de?ne an enclosed space, (b) posi 
tioning 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. 

[0035] 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 
understands, hoWever, that the crushable material may have 
any suitable shape, cross-sectional or otherWise, and/or may 
have any suitable dimensions. 

[0036] Some crushable materials may deform perma 
nently (i.e., plastically) While still retaining suf?cient 
mechanical strength to maintain a seal, including When a 
pressure differential exists betWeen the enclosed space and 
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the outside environment. Examples of crushable materials 
that may deform permanently include soft metals such as 
copper, gold, and/ or aluminum. Other examples of crushable 
materials that may deform permanently may include a hard 
core (e.g., stainless steel) and a soft outer shell (e.g., copper 
and/ or aluminum). 

[0037] Other crushable materials may reversibly deform 
during pressurization (i.e., once the pressure is removed, the 
crushable material substantially returns to its original con 
?guration). Such reversibly crushable materials may include 
polymeric materials (e.g., buna rubber, silicon rubber, and/or 
viton). Reversibly crushable materials have the advantage 
that they may be reused after being deformed. 

[0038] Still other crushable materials may include an outer 
shell of readily deformable 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 con?gured for single use 
only. 

[0039] Methods of manufacturing a hermetically sealed 
product may include one or more reactive multilayer joining 
methods, examples of Which are disclosed in U.S. Pat. No. 
5,381,944, U.S. patent application Ser. No. 09/846,486 ?led 
May 1, 2001 (U.S. Patent Application Publication No. 
20020182436), and U.S. Provisional Patent Application No. 
60/201 ,292 ?led on May 2, 2000, the entirety of all of Which 
are incorporated herein by reference. 

[0040] Methods of manufacturing a hermetically sealed 
product also may include one or more methods for obtaining 
su?icient 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 maintain 
ing the deformation of the crushable material, is released. 
For example, the joint should be strong enough to Withstand 
normal jostling of the hermetically sealed product, or other 
external forces, While at the same time maintaining the 
deformation of the crushable material (and hence the seal) 
after the pressure has been removed from the enclosure 
components. 

[0041] The fusible material (e.g., solder or braZe) for the 
reactive joining process may be selected based on one or 
more relevant factors. Some of those factors may include the 
strength requirement (e.g., due to the type of crushable 
material used), thermal fatigue resistance, corrosion resis 
tance, loW splatter, and/or vapor emission. The use of braZes 
as the fusible material may be preferable if the sealed device 
is normally subject to high temperatures during use. 

[0042] FIGS. 1A and 1B depict an exemplary embodi 
ment of a hermetic sealed product 10 and related method of 
manufacture. As depicted in FIGS. 1A and 1B, a Wire 
gasket 11 or other suitable crushable (i.e., deformable) 
material 11 may be positioned in or on a portion of one of 
the enclosure components, for example, a groove 12 of a lid 
13. The groove 12 may be formed in the enclosure compo 
nent (e.g., lid 13) using any suitable method. A reactive 
multilayer foil 14 may be positioned on and/or betWeen one 
or more surfaces 15, 16 of tWo or more enclosure compo 
nents, for example, a lid 13 and a container 17. The 
enclosure components 13, 17 may de?ne an enclosure space 
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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 com 
ponents 13, 17. Any pressure on the one or more of the 
enclosure components may then be removed, and the result 
is a sealed enclosure 10 con?gured to maintain a suf?ciently 
leak-tight seal with sufficient integrity for a relatively long 
period of time. 

[0043] In various embodiments, the reactive multilayer 
foils, joining materials, and/ or other suitable “fusible” mate 
rial may be positioned on any side and/or any portion of the 
reactive multilayer. The fusible material layers may be in 
any suitable form, for example, a free-standing sheet, a layer 
that is pre-deposited onto the enclosure component (e.g., the 
container and/or the lid), and/ or a layer that is pre-deposited 
onto the foil surface. These and other suitable forms are 
disclosed in U.S. Pat. No. 5,381,944, U.S. patent application 
Ser. No. 09/846,486 ?led May 1, 2001 (U.S. Patent Appli 
cation Publication No. 20020182436), and U.S. Provisional 
Patent Application No. 60/201,292 ?led on May 2, 2000. 
Examples of fusible material include solder and/or braZe. 
The solder and/or braZe may be deposited onto the enclosure 
components, may be a free-standing sheet that is positioned 
betWeen the foil and/or enclosure components, and/or may 
be deposited onto the foil surface. 

[0044] FIGS. 2A and 2B depict another exemplary 
embodiment of a hermetic sealed product 30 and related 
method of manufacture. This embodiment is substantially 
similar to the embodiment 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) con?gured 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 crush 
able 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 
FIG. 1. 

[0045] FIGS. 3A and 3B depict a further exemplary 
embodiment of a hermetic sealed product 50 and related 
method of manufacture. This embodiment is substantially 
similar to the embodiments set forth in FIGS. 1A-1B and 
2A-2B, except the crushable material (e.g., Wire gasket 51) 
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is disposed in both a groove 52 of one of the enclosure 
components (e.g., in the top lid 53) and prior to deformation 
is disposed substantially opposite to an opposing groove 54 
(e.g., trough) on another of the enclosure components (e.g., 
the container 55). The trough 54 or groove 54 may be 
disposed on a surface 56 of the enclosure component 55 that 
is raised relative to another surface 57, for example, the 
surface 56 on Which the reactive foil 58 may be disposed. 
During deformation, the crushable material 51 is deformed 
betWeen the groove 52 and the trough 54. The advantage of 
this arrangement is that the trough 54 or groove 54 may be 
easier to machine than the protrusion 32 in FIGS. 2A-2B, 
and may be less vulnerable to damage during handling than 
either the smooth surface 16 in FIGS. 1A-1B or the pro 
trusion 32 in FIG. 2A-2B. Deforming the crushable material 
51 to form the seal requires a pressure similar to the pressure 
applied to the arrangement in FIGS. 2A-2B (i.e., loWer than 
the pressure applied in arrangement of FIGS. 1A-1B). 
[0046] One of ordinary skill in the art recogniZes that any 
of the features in any of the embodiment set forth herein may 
be reversed, interchanged, and/or combined With any other 
feature set forth herein. For example, FIGS. 4A and 4B 
depict an con?guration similar to the con?guration 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 con?gured to interact With the reactive 
multilayer. In another example, FIG. 4C depicts a con?gu 
ration similar to the con?guration 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 con?gu 
ration similar to the con?guration 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. 

[0047] 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 enclo 
sure components (e.g., the container 103). Thus, unlike the 
other embodiments set forth herein, additional machining 
(or other manufacturing) steps may be need to be performed 
on one or more of the enclosure components so as to provide 
satisfactory ?ts for the crushable material 101 and/or the 
reactive multilayer 104. As pressure is applied to one or 
more of the enclosure components, the crushable material 
101 may be deformed in the corner 102 by a portion of the 
other enclosure component (e.g., a surface 105 on a lid 106) 
and may consequently seal the enclosed interior space 107 
de?ned by the enclosure components (e.g., the lid 106 and 
the container 103). The reactive multilayer foil 108 of the 
reactive multilayer 104 may then be triggered and/or ignited 
so as to bond the substantially adjacent portions of the 
enclosure components (e.g., the outer lips of the lid 106 and 
container 103) and/or bond the fusible materials 109 to the 
enclosure components 103, 106. Long-term integrity of the 
seal is consequently achieved. The implementation of this 
sealing con?guration and/or method may be advantageous 
because it may require less sealing pressure (e.g., to deform 
the crushable material) than the con?gurations and/or meth 
ods set forth in FIGS. 1A-4D. Another advantage this 
con?guration and/or method shares With the con?gurations 
and/ or methods set forth in FIGS. 1A-4D is that, in case the 
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deformation of the crushable material does not form an 
adequate seal, the crushable material may be discarded prior 
to triggering (e.g., igniting) the reactive multilayer foil and 
the sealing procedure may be repeated With another crush 
able material. 

[0048] 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) con?gured 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 gas 
kets, Washers, and/or any other suitable softer (e.g., relative 
to the ridges 125, 126 and/or enclosure components 123, 
124) and/or crushable material 127 may be placed betWeen 
corresponding ridges 123, 124. The gaskets 127 and/or 
Washers 127 may need to be properly and/or positioned on 
the ridges 125, 126 in order to form an effective seal upon 
deformation. Sealing may be accomplished by exerting 
suf?cient pressure on one or more of the enclosure compo 

nents 123, 124 so that the harder sharp-edge ridges 125, 126 
suitably deform the softer crushable material 127. Potential 
advantages of this approach include (1) it may be easier to 
handle simple gaskets and/or Washers than other materials, 
(2) there may be loWer requirements for surface ?atness and 
?nish (e.g, of the enclosure components), and/or (3) less 
pressure may needed to deform the crushable material and 
form a suitable seal, for example, relative to the other 
embodiments set forth herein. 

[0049] FIGS. 7A-7D depict still more exemplary embodi 
ments of a hermetic sealed product 140, 160 and related 
method of manufacture. In these embodiments the use of a 
soft Washer, gasket, or other discrete crushable material may 
be eliminated, and instead a sharp-edge ridge 141, 161 or 
protrusion 141, 161 on one of the enclosure components 
142, 162 may used to press directly against and into the 
softer surface of the other enclosure component 143, 163. 
The soft or hard materials may preferably be selected so as 
to avoid a galvanic couple. 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 espe 
cially 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 replaced if 
the seal is found to be inadequate. The other component may 
also be reused. Another advantage is that because the 
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enclosure component made of the softer and/or crushable 
material (e.g., the lid 143 in FIGS. 7A and 7B, or the 
container 163 in FIGS. 7C and 7D) does not include special 
geometric features, that enclosure component may be rela 
tively inexpensive to manufacture and/or replace relative to 
the other enclosure components set forth herein. 

[0050] One advantage of the invention, exemplary 
embodiments of Which are set forth herein, is that the 
sensitive components positioned Within the enclosed space 
of the container are protected by the sealing surface and/or 
crushable material from the How of the fusible material (e.g., 
solder or braZe) that is used in the reactive joining process. 
Speci?cally, in previous methods Where no sealing surface 
and/or crushable material Was used, the fusible material, 
While in its molten state, sometimes may leak into the 
enclosed space of the container, and consequently damage 
the sensitive component housed therein. In the embodiments 
disclosed herein, hoWever, because the sealing surface and/ 
or crushable material is positioned inWard of the fusible 
material, that is, betWeen the fusible material and the 
enclosed space, the possibility that the fusible material could 
?oW into the enclosed space and damage the sensitive 
component housed therein is substantially reduced, if not 
e?fectively eliminated. The molten fusible material (e.g., 
solder or braZe) Would be trapped by the sealing surface 
and/or crushable material (e.g., Wire, gasket, Washer and its 
support, or by sharp-edge ridge). This is an advantage over 
conventional reactive joining methods. 

[0051] 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 adjustments may include 
replacing of the Wire, gasket, Washer, and/or other suitable 
material, polishing the surfaces of one or more enclosure 
components (e. g., the lid and/or container), or re-tooling the 
faulty portions of the enclosure assembly. This ability to 
assess the quality of the seal prior to permanently sealing the 
enclosure is a substantial advantage over most alternative 
approaches Where sealing is achieved through permanent or 
irrecoverable alterations to the assemblies. Examples of 
such alternatives include laser Welding, soldering or braZing, 
as Well as the use of screWs or mechanical fasteners. 

[0052] In various embodiments of the invention, veri?ca 
tion of the quality of the seal prior to the formation of the 
permanent bond can be achieved using a seal testing appa 
ratus. An example of such a seal testing apparatus 200 is 
shoWn in FIG. 8. As depicted in FIG. 8, the apparatus 200 
may include one or more vacuum chambers 201, a push-rod 
202 or similar mechanism for positioning one of the enclo 
sure components (e.g., the lid 203) relative to the other 
enclosure component (e.g., on top of the container 204) 
and/or applying pressure on one or more portions of the 
enclosure, one or more inlets 205 for ?lling the chamber 201 
With a gas (for example, an inert gas such He or Ar) or a gas 
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mixture (for example, an inert gas mixture containing He), 
one or more outlets 206 for evacuating from the chamber 

201 a gas (for example, an inert gas such He or Ar) or a gas 
mixture (for example, an inert gas mixture containing He), 
and means 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 ?lled 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. 

[0053] In various embodiments, the process for manufac 
turing a hermetically sealed product may include one or 
more of the folloWing steps: (1) position the tWo or more 
enclosure components (e.g., container and lid) in the cham 
ber 201, (2) evacuate the chamber 201 using suitable means 
knoWn in the art, for example, a vacuum pump connected to 
the outlet 206 (particularly to remove air and moisture), (3) 
back?ll the chamber 201 With a gas or a gas mixture using 
suitable means knoWn in the art (for example, ?lling the 
chamber 201 With inert gases via the inlet 205), (4) position 
one of the enclosure components relative to another enclo 
sure components (e.g., place the lid 203 on top of the 
container 204) and apply pressure to at least one of the 
enclosure components (e.g., to the lid 203 via the push rod 
202) in order to seal the interior chamber 209 and/or device 
210 from the rest of the chamber 201 (e.g., by deforming a 
crushable material, placing a sharp edged ridge of one of the 
enclosure components into another of the enclosure com 
ponents, and/or any variation of any of the embodiment set 
forth herein), (5) evacuate the chamber 201 using suitable 
means knoWn in the art, for example, a vacuum pump 
connected to the outlet 206, (6) measure/verify the leak rate 
using any suitable means and/or methods knoWn in the art 
(e.g., a leak detector 211 connected to the outlet 206). If the 
measured leak rate is satisfactory, ignite the foil and/or 
reactive multilayer 208 and thus permanently seal the enclo 
sure. If the measured leak rate is unsatisfactory, address the 
one or more de?ciencies 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. 

[0054] 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. 
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[0055] Other embodiments of the invention Will be appar 
ent to those skilled in the art from consideration of the 
speci?cation and practice of the invention disclosed herein. 
It is intended that the speci?cation and examples be con 
sidered as exemplary only, With a true scope and spirit of the 
invention being indicated by the following claims. 

1-49. (canceled) 
50. A kit for forming a sealed container, comprising: 

at least tWo components Which, When joined, de?ne the 
container; 

a crushable material con?gured to be positioned betWeen 
the at least tWo components; and 

a reactive multilayer material con?gured to be positioned 
betWeen the at least tWo components, 

Wherein the crushable material, in a deformed state, is 
con?gured to substantially form a seal betWeen the at 
least tWo components, 

Wherein at least a portion of the reactive multilayer 
material is con?gured to be chemically transformed so 
as to join the at least tWo components. 

51. The kit of claim 50, Wherein the reactive multilayer 
material includes a reactive multilayer foil. 

52. The kit of claim 50, Wherein the reactive multilayer 
material includes a fusible material. 

53. The kit of claim 52, Wherein the fusible material is 
con?gured to join the at least tWo components. 

54. The kit of claim 50, further comprising a fusible 
material con?gured to be disposed betWeen the at least tWo 
components. 

55. The kit of claim 54, Wherein the fusible material is 
con?gured to join the at least tWo components. 

56. The kit of claim 50, Wherein the crushable material is 
con?gured to be positioned on an inWard side of the reactive 
multilayer material relative to the outside environment. 

57. The kit of claim 50, Wherein the crushable material 
and a remnant of the chemical transformation of the reactive 
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multilayer material cooperate to form a hermetic seal 
betWeen the at least tWo components. 

58. The kit of claim 50, Wherein the crushable material is 
con?gured to permanently deform. 

59. The kit of claim 50, Wherein the crushable material is 
con?gured to reversibly deform. 

60. The kit of claim 50, Wherein the crushable material 
includes a soft 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 con?gured to at least partially 
receive the crushable material. 

65. The kit of claim 64, Wherein another of the at least tWo 
components includes another groove con?gured to at least 
partially receive the crushable material. 

66. The kit of claim 50, Wherein one of the at least tWo 
components includes a protrusion con?gured to be disposed 
against the crushable material. 

67. The kit of claim 50, Wherein another of the at least tWo 
components includes another protrusion con?gured to be 
disposed against the crushable material. 

68. The kit of claim 50, Wherein one of the at least tWo 
components includes a corner con?gured 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 compo 
nents is a container body. 

70-76. (canceled) 


