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1
COMPONENT HAVING A FILTER

CROSS REFERENCE TO RELATED
APPLICATIONS

2

FIG. 6 illustrates a cross-sectional view of the component
in FIG. 5§ taken along a section line 6—6 in FIG. 5 in
accordance with an embodiment of the invention;

FIG. 7 illustrates a cross-sectional view of a filter in

The present application is related to U.S. patent applica- 5 accordance with an embodiment of the invention;
tion Ser. No. 09/ 490927 entl.tled “Micro Ele.ctro-Mechamcal FIG. 8 illustrates a cross-sectional view of another filter in
%’fte? angfrd“}lth S;éectzlggoEncagsulano% ;ndPMeﬂIi?d accordance with an embodiment of the invention;
6 46316 504{’5 ande U Sa o a ter,lt . li,caatrilon Ié(:;v Nc; '09 /3290909' FIG. 9 illustrates a cross-sectional view of another com-
e;ltitlé d Physical .SG.JIEJSOI‘ Corﬁgonent i ﬁlea Oc.t 28. 1999, 10 ponent in accordance with an embodiment of the invention;
and now U.S. Pat. No. 6,453,749 both of which are assigned FIG. 10 1.11ustrates a cros§-sect10nal view of still apother
to the current assignee hereof. ;:.omponent in accordance with an embodiment of the inven-
ion;
FIELD OF THE INVENTION FIG. 11 illustrates a cross-sectional view of yet another
This invention relates to filters, in general, and to com- 15 component in accordance with an embodiment of the inven-
ponents having filters and their methods of manufacture and tion;
operation, in particular. FIG. 12 illustrates a flow chart of a method of manufac-
BACKGROUND OF THE INVENTION tlﬁrir.lg a cqmponf(:int in accordance with an embodiment of
the 1nvention; an
SurP;hySS;asloiznizrn C%rgpirslzgtsirslucafilta()sgnfstr;;ar?féi,sﬁrieas{ 20 FIG. 13 illustrates a flow chart of a method of operating
4 ’ a component in accordance with an embodiment of the
consumer, gnd various other applications. Elastif: gels, inventiIc))n.
polymers, diaphragms, membranes, and other coatings or For simplicity and clarity of illustration, the drawin
encapsulants have been used to protect the pressure sensors imprieity ¥ > . &
. . . . . figures illustrate the general manner of construction, and
from the potentially corrosive environments in which the 25 L :
pressure sensors operate. However, none of these encapsu- d?SCI‘lpthHS anq details of .well-known features anfi tech-
. . ) ¢ . . niques are omitted to avoid unnecessarily obscuring the
lants are entirely impermeable to the corrosive environ- . . - . .
ments. Furthermore, the encapsulants do not completely mvention. Aletlonally, clements in the drawing ﬁgu fes are
satisfy many stringent reliability requirements demanded by not necessarily drawn to s.cale. For example, the dimensions
customers who use the DIESSUre SCNSOrS 3o ©Of some of the elements in the figures may be exaggerated
A fail p hani ; ’ i relative to other elements to help to improve understanding
common falfuré mechanism 1or a SLICON pressure of embodiments of the present invention. Furthermore, the
fgr:jsi(f)frutslia(:,rinogf etlhgri:%rrraor;iffzarﬁzgizrt;rri)?éﬁl&ln;r?f:;srliljgte sellme reference numerals in different figures denote the same
> elements.
which delaminates the encapsulant from the silicon pressure . o
sensor. This delamination exposes portions of the silicon 35 Furthermqre, the terms first, S?Cond? third, and the like in
. the description and in the claims, if any, are used for
pressure sensor that subsequently corrode from the direct Tk I .
exposure to the corrosive media distinguishing between similar elements and not necessarily
II) ddition to thi f. 1 hani ¢ of for describing a sequential or chronologif:al order. It is
h n-addy 1ct)n Ot' 18 co;nmon a luret me(:ic amim, &noi ﬂ(l) further understood that the terms so used are interchangeable
epr‘lOI‘ ar cofatlﬁlgs elln encapsulants a Ver;e;ly a ZC € 4o under e}pprop.riate cirqlmstance§ such that the embodiments
pgfr otrmance. o L de stiicon pressufrfe iegsor't ese i‘ Vf,rse of the invention described herein are, for example, capable
¢ g;: $ can 11nc ude a pres.suredo Sf ue qdaccf cration of operation in other sequences than illustrated or otherwise
and/or a gel over-expansion due to a rapid change in deseribed herein.
E::S?ErfﬁeBsOitltilc(c))flthfr:fS::s?l(rizesrszsi)frfeCts can severely limit the Moreover, the terms top, bottom, over, under, and the like
Accordinel P d exists f o d 45 1in the description and in the claims, if any, are used for
" tCCOT H(lig ¥ aff nef exists for an 1m{)r0t\.fe coiln.ll)onen: descriptive purposes and not necessarily for describing
at provides cliective corrosion protection whtlé no permanent relative positions. It is understood that the terms
adversely affecting the performance of the component. so used are interchangeable under appropriate circumstances
BRIEF DESCRIPTION OF THE DRAWINGS such that the embodiments of the in\.Ient.ion described he.rein
The invention will be better understood from a reading of 50 aﬁe, f.(H exam;zile, caphable.of gpera.ttl)oré 1;11 other orientations
. . N . . . . than 1illustrated or otherwise described herein.
the following detailed description, taken in conjunction with
the accompanying figures in the drawings in which: DETAILED DESCRIPTION OF THE DRAWINGS
,FhIG' 1 1llgst§1tes a to? ‘;llev,v ofa (.:orr.lponent in accordance A component in accordance with the invention can com-
with an ©mibo iment of the 1nV.ent10n,. 55 prise a sensor element and a filter that limits communication
. FIG. 2 111ustratesacross-sect.lonal.wew of the component between the sensor element inside the component and a
in FIG. 1 taken along a section line 2—2 in FIG. 1 in hostile environment outside the component. For instance,
accordanc.e with an embodl.ment of the lnvention; the filter can block potentially corrosive elements or media
FIG. 3 illustrates a top view of the component in FIG. 1 from the exterior environment while still permitting the
after addltlonal man.ufactu.rmg steps in accordance with an 4y yphindered transmission of pressure from the exterior envi-
embodiment of the invention; ronment to the sensor element inside the component. As an
FIG. 4 illustrates a cross-sectional view of the component example, the component can be used in pressure sensing
in FIG. 3 taken along a section line 4—4 in FIG. 3 in  applications such as a tire pressure monitor. In this
accordance with an embodiment of the invention; embodiment, the component can be wheel-mounted, rim-
FIG. § illustrates a top view of the component in FIG. 3 65 mounted, tire-valve mounted, or tire-mounted. Other

after further manufacturing steps in accordance with an
embodiment of the invention;

examples of suitable applications for this component include
gas, vapor, and other chemical monitors. Further examples
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of suitable applications for this component include medical
and other biological monitors for pressure, liquid height, or
flow rate measurements.

FIG. 1 illustrates a top view of a component 100 having
a cavity in communication with an environment outside
component 100, and FIG. 2 illustrates a cross-sectional view
of component 100 taken along a section line 2—2 in FIG. 1.
Component 100 comprises a package, chip carrier, or hous-
ing 110. As an example, housing 110 has a recess 115 and a
cavity 125 located within recess 115. Housing 110 at least
partially defines a lower portion of recess 115 and cavity
125. Housing 110 can include inserts or the like to define the
actual boundaries of recess 115 and/or cavity 125.

Housing 110 can also have a shelf or rim 120 located at
a perimeter of recess 115. As explained in more detail
hereinafter, rim 120 can be used to support two support
members and a filter over cavity 125. Rim 120 is preferably
continuous around the perimeter of recess 115 and can be
located at an edge of cavity 125 or above cavity 125. Rim
120 comprises a surface 121 and can comprise a plurality of
optional protrusions 122 extending from surface 121. In the
embodiment illustrated in FIG. 2, surface 121 faces away
from cavity 125, and protrusions 122 extend away from
cavity 125. After understanding the embodiment illustrated
in FIG. 2, other embodiments of surface 121 and protrusions
122 will be obvious to those skilled in the art. Examples of
other embodiments include, but are not limited to, different
numbers of protrusions and different angles for the surface
and for the protrusions.

Housing 110 can further comprise an additional rim 130
located at a perimeter of cavity 125. Rim 130 is located
below rim 120 within recess 115. As explained in more
detailed hereinafter, rim 130 can be used to support electrical
leads.

Housing 110 can still further comprise a mounting surface
111 located in cavity 125. Mounting surface 111 is located
below rim 130. As explained in more detailed hereinafter,
mounting surface 111 can be used to support a sensor
element and an electronic element.

Housing 110 is preferably comprised of a substantially
rigid material that is resistant to corrosion by the corrosive
elements or media in the environment in which component
100 is used. As an example, housing 110 can be comprised
of a PolyPhenyleneSulfide (PPS) material.

Component 100 also comprises a sensor element 105.
Sensor element 105 senses a characteristic of the environ-
ment outside of component 100 in which component 100 is
used. As an example, the characteristic can be a pressure of
the exterior environment. Sensor element 105 is located in
cavity 125 of housing 110 and can be supported by mounting
surface 111 of housing 110.

Component 100 can further comprise an optional elec-
tronic element 106. Electronic element 106 can be used to
control sensor element 105. In addition or in the alternative,
electronic element 106 can monitor and/or store an output of
sensor element 105. Accordingly, electronic element 106 can
be a semiconductor element such as, for example, a single
transistor or an integrated circuit. In one embodiment of
component 100, electronic element 106 is not present in
component 100.

Electronic element 106 is located in cavity 125 of housing
110 and can be supported by mounting surface 111 of
housing 110. Electronic element 106 is located adjacent to
sensor element 105 and can be electrically coupled to sensor
element 105. When component 100 includes electronic
element 106, component 100 can be referred to as a module.
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Component 100 can further comprise an adhesive 107.
Adhesive 107 couples sensor element 105 to mounting
surface 111 of housing 110. A different portion of adhesive
107 can also be used to couple electronic element 106 to
mounting surface 111 of housing 110.

Component 100 can still further comprise electrical leads
101. A first portion of electrical leads 101 can protrude
outside of housing 110. A second portion of electrical leads
101 can extend through housing 110. A third portion of
electrical leads 101 can be located in cavity 125 and are
supported by rim 130. The third portion of electrical leads
101 can be located below rim 120 and above mounting
surface 111, and the third portion of electrical leads 101 can
be electrically coupled to sensor element 105 and electronic
element 106. The electrical coupling schemes between sen-
sor element 105 and electrical leads 101, between electronic
element 106 and electrical leads 101, and between sensor
element 105 and electronic element 106 can be identical or
different from each other and can include, for example, wire
bonding, tape bonding, and/or flip chip bonding.

Component 100 can additionally comprise a sealant or
adhesive 135. Preferably, adhesive 135 forms a continuous
bead over rim 120 and around the perimeter of recess 115.
Also 1in the preferred embodiment, adhesive 135 is a per-
fluoroether or other suitable material that is resistant to
corrosion by the corrosive elements in the environment in
which component 100 is used. Examples of suitable per-
fluoroether materials include Sifel 603 and 604, which are
commercially available from Shin-Etsu Silicones of
America, Inc. of Akron, Ohio, and RTV 8012, which is
commercially available from Dow Corning Corporation of
Auburn, Mich. Sifel 603 and 604 are preferred over RTV
8012 because of their lower viscosity.

FIG. 3 illustrates a top view of component 100 after
additional manufacturing steps, and FIG. 4 illustrates a
cross-sectional view of component 100 taken along a section
line 4—4 in FIG. 3. As illustrated in FIGS. 3 and 4,
component 100 comprises a support member 340. As
explained in more detailed hereinafter, support member 340
can improve the mechanical support, stability, and reliability
for a filter in component 100.

Support member 340 is located over at least a portion of
housing 110 and over cavity 125. Support member 340 is
also located within recess 115 of housing 110. For reasons
explained hereinafter, the length and width of support mem-
ber 340 is preferably slightly smaller than the length and
width of recess 115.

Support member 340 can have sides 342 and 343 and an
edge 344 coupling together sides 342 and 343. Side 342
faces towards cavity 125, and side 343 faces away from
cavity 125. Side 342 of support member 340 preferably at
least partially defines an upper portion or boundary of cavity
125. Rim 120 supports support member 340 over cavity 125.
When rim 120 comprises protrusions 122, protrusions 122
of rim 120 support side 342 of support member 340 over
surface 121 of rim 120 and over cavity 125.

Support member 340 has a hole 341 over cavity 125 to
permit communication between sensor element 105 and the
environment outside component 100. As an example, hole
341 can be circular and can have a diameter of approxi-
mately 0.05-0.15 centimeters. Also as an example, support
member 340 can have a thickness of approximately
0.02-0.03 centimeters and a length and a width of approxi-
mately 0.4-0.6 centimeters each. One skilled in the art will
understand that hole 341 can have other sizes and/or geom-
etries.
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Support member 340 is preferably comprised of a sub-
stantially rigid material that is resistant to corrosion by the
environment in which component 100 operates. As an
example, the material can be plastic or metal. A suitable
plastic can be the same or different from the plastic used for
housing 110, and an example of a suitable metal is stainless
steel.

Support member 340 is preferably chemically coupled or
otherwise adhered to rim 120 of housing 110 by adhesive
135. Accordingly, adhesive 135 is located at least between
surface 121 of rim 120 and side 342 of support member 340
to adhere a perimeter of surface 121 to side 342. This portion
of adhesive 135 preferably has a thickness of approximately
0.005 to 0.015 centimeters to provide a continuous seal
between housing 110 and support member 340. The pre-
ferred embodiment of a continuous bead for adhesive 135
also ensures the formation of the continuous seal at the
perimeter of support member 340. Protrusions 122 can be
used to ensure such a thickness for this portion of adhesive
135.

Support member 340 is also preferably chemically
coupled or otherwise adhered to the vertical sidewalls of
housing 110. Accordingly, adhesive 135 is also preferably
located between edge 344 of support member 340 and the
vertical sidewalls of housing 110 to adhere edge 344 to
housing 110. Further in the preferred embodiment, edge 344
has a height, and adhesive 135 has a height at least as high
as the height of edge 344. The height of edge 344 and the
height of adhesive 135 are both measured upwards from
surface 121 of rim 120 and away from cavity 125. This side
portion of adhesive 135 further ensures the formation of the
continuous seal at the perimeter of support member 340.
Additional protrusions can be added to the vertical sidewalls
of housing 110 to ensure a desired thickness for this side
portion of adhesive 135.

Therefore, the location of adhesive 135 is both vertically
adjacent and laterally adjacent to support member 340 to
provide a more reliable continuous seal between support
member 340 and housing 110. The continuous seal prevents
liquids, gasses, and other contaminants in the environment
outside of component 100 from entering component 100 into
cavity 125 by a path other than through hole 341 in support
member 340.

Component 100 in FIGS. 3 and 4 also comprise a filter
345. Filter 345 limits communication between sensor ele-
ment 105 inside cavity 125 of component 100 and a hostile
environment outside component 100. As an example, filter
345 can block potentially corrosive elements or media from
the outside environment while still permitting the unhin-
dered transmission of pressure from the outside environment
through filter 345 to sensor element 105 inside component
100. In the preferred embodiment, filter 345 is a composite
filter comprised of a plurality of layers. These layers are
described in more detail hereinafter.

Filter 345 is located over support member 340. In
particular, filter 345 is located over side 343 of support
member 340. Side 343 of support member 340 can support
filter 345 over cavity 125 of housing 110. Filter 345 is
preferably chemically coupled or otherwise adhered to sup-
port member 340. To facilitate the assembly of filter 345 to
support member 340, filter 345 is preferably slightly smaller
than support member 340 by approximately 0.4-0.6 milli-
meters per side. Filter 345 is also located over hole 341 in
support member 340. Filter 345 is further located over at
least a portion of housing 110 and within recess 115 of
housing 110.
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Filter 345 is thin and can be flimsy. Therefore, support
member 340 can be used to improve the mechanical support,
stability, and reliability of filter 345. In particular, support
member 340 provides improved mechanical support,
stability, and reliability for filter 345 when the pressure in
the environment external to component 100 suddenly
increases.

FIG. 5 illustrates a top view of component 100 after
further manufacturing steps, and FIG. 6 illustrates a cross-
sectional view of component 100 taken along a section line
6—6 in FIG. 5. As illustrated in FIGS. § and 6, component
100 can comprise an additional or second support member
550. As explained in more detailed hereinafter, support
member 550 can further improve the mechanical support,
stability, and reliability of filter 345 in component 100. In a
different embodiment of component 100, support member
550 is not used in component 100.

Support member 550 is located over at least a portion of
housing 110, over cavity 125, and over filter 345. Support
member 550 is preferably supported over cavity 125 by filter
345. Support member 550 is also located within recess 115
of housing 110.

Support member 550 has a hole 551 over filter 345, over
hole 341 in support member 340, and over cavity 125 to
permit communication between sensor element 105 and the
environment outside component 100. As an example, hole
551 can be circular and can have a diameter larger than the
diameter of hole 341 in support member 550. As an example,
the diameter of hole 551 can be approximately 0.3-0.5
centimeters. This size of hole 551 optimizes two design
parameters: the mechanical protection for filter 345 and the
reduced clogging of hole 551 by particulates in the envi-
ronment in which component 100 operates. One skilled in
the art will understand that hole 551 can have other sizes
and/or geometries.

Support member 550 is preferably comprised of a sub-
stantially rigid material that is resistant to corrosion by the
environment in which component 100 operates. As an
example, the material can be plastic or metal. A suitable
plastic can be the same or different from the plastic used for
housing 110, and an example of a suitable metal is stainless
steel. In the preferred embodiment, support member 550 is
comprised of the same material as support member 340.
Also as an example, support member 550 can have a
thickness of approximately 0.02-0.03 centimeters and a
length and a width of approximately 0.4-0.6 centimeters
each. In the preferred embodiment, support member 550 is
slightly larger than support member 340.

Support member 550 is preferably mechanically coupled
to housing 110 by swaging an upper rim or portion 555 of
the walls of housing 110 defining recess 115. In this
embodiment, as illustrated in FIG. 6, rim or portion 555 of
housing 110 is located over support member 550. In a
different embodiment, support member 550 can also be
chemically coupled or otherwise adhered to housing 110 by
an adhesive.

As indicated earlier, filter 345 is thin and can be flimsy.
Therefore, support member 550 is used to further improve
the mechanical support, reliability, and stability for filter
345. In particular, support member 550 can provide
improved mechanical support, reliability, and stability for
filter 345 when the pressure in the environment external to
component 100 suddenly decreases.

Accordingly, cavity 125 of component 100 is in limited
communication with the environment outside of recess 115
through hole 341 of support member 340, filter 345, and hole
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551 of support member 550. Filter 345 isolates or otherwise
protects metallic or other portions of sensor element 105 and
electronic element 106 in cavity 125 from corrosive ele-
ments or media of the environment in which component 100
operates. Empirical test results have demonstrated the effec-
tiveness of component 100 for protecting a sensor element
from corrosion in various potentially corrosive environ-
ments such as, for example, tire mounting paste, tire mount-
ing and general purpose lubricants, tire de-mounting fluid,
brake fluid, degreaser, wheel cleaner, and mineral oil.

FIG. 7 illustrates a cross-sectional view of a filter 700. As
an example, filter 700 can be a more detailed view of filter
345 in FIGS. 4 and 6. Support member 340 of FIGS. 4 and
6 is shown in FIG. 7 in dashed lines to illustrate how filter
700 can be used in component 100 of FIGS. 4 and 6.

Filter 700 comprises adhesives 710, 730, and 750 and also
comprises layers 720, 740, and 760. As an example, layers
720, 740, and 760 can be comprised of a polyester material,
a nylon material, and a PolyTetraFluoroEthylene (PTFE)
material, respectively. Filter 700 is commercially available
from the Donaldson Company, Inc. of Minneapolis, Minn.
and can also be purchased from Pall Specialty Materials of
Port Washington, N.Y.

In one embodiment of filter 700, the polyester material of
layer 720 and/or the nylon material of layer 740 can provide
some filtering characteristics for filter 700. For example, the
polyester and/or nylon materials can be treated with one or
more chemicals to be hydrophobic and/or oleophobic. When
filter 700 is to be used in an environment having high
temperatures, layer 740 can be comprised of, for example, a
non-woven nylon material and can be adhered to layers 720
and/or 760 using an adhesive lamination. When filter 700 is
to be used only in an environment having lower
temperatures, layer 720 can be adhered to support member
340 and/or layer 740 using a thermal pressure lamination.

The PTFE material of layer 760 is porous to provide at
least some of the filtering characteristics for filter 700. The
porous nature of PTFE material can be provided by holes in
the PTFE material that are smaller than 1 micrometer in
diameter. As an example, the holes can be approximately
0.05-0.1 micrometers in diameter. Other specifications for
the PTFE material can include the following: (1) a silicone-
free PTFE material, (2) a thickness of approximately
0.01-0.1 centimeters at approximately 3.4 kiloPascals, (3) a
Mullen hydrostatic/water intrusion pressure (American
Society for Testing and Materials (ASTM) D751) of
approximately 850-950 kilopascals, (4) an oil repellency
index of approximately 7 according to the American Asso-
ciation of Textile Chemists/Colorists (AATCC) 118-1992
standard test method, (5) a Frazier permeability (ASTM
D737) of approximately 3350-3450 liters per hour at
approximately 12.7 millimeters of water, (6) a Fomblin
efficiency of approximately 99.9-99.999 percent minimum
on approximately 0.1 micrometers at 1.8x10* liters per hour,
(7) an IsoPropyl Alcohol (IPA) bubble point of approxi-
mately 250-300 kiloPascals at approximately 10.0 millili-
ters per minute, and (8) a Moisture Vapor Transmission Rate
(MVTR) of approximately 800-850 grams per meter-
squared hour.

As an example, the PTFE material can be a Teflon®
material, which is commercially available from E. I. du Pont
de Nemours and Company of Wilmington, Del., or a Gore-
Tex® material, which is commercially available from W. L.
Gore & Associates of Newark, Del. If a Teflon® material is
used for layer 760, layer 760 can also be hydrophobic and
can control the humidity level within cavity 125 of compo-
nent 100 in FIG. 6.
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FIG. 8 illustrates a cross-sectional view of a filter 800. As
an example, filter 800 can be a more detailed view of filter
345 in FIGS. 4 and 6. Support member 340 of FIGS. 4 and
6 is shown in FIG. 8 in dashed lines to illustrate how filter
800 can be used in component 100 of FIGS. 4 and 6.

Filter 800 comprises adhesives 810, 830, 850, and 870
and also comprises layers 820, 840, 860, 880, and 890. As
an example, layers 820, 840, and 860 can be comprised of
a polyester material, a PolyTetraFluoroEthylene (PTFE)
material, and a nylon material, respectively. Layers 820,
840, and 860 in FIG. 8 can be similar to layers 720, 760, and
740, respectively, in FIG. 7. Layers 880 and 890 in FIG. 8
can be, for example, an activated carbon material and an
outer scrim, respectively. Filter 800 is commercial available
from the Donaldson Company, Inc. of Minneapolis, Minn.
and can also be purchased from Pall Specialty Materials of
Port Washington, N.Y.

FIG. 9 illustrates a cross-sectional view of a component
900, which can be a different embodiment of component 100
in FIG. 6. Component 900 in FIG. 9 comprises an additional
or second support member 950. Similar to support member
550 in FIG. 6, support member 950 in FIG. 9 can further
improve the mechanical support, stability, and reliability of
filter 345.

Support member 950 is located over at least a portion of
housing 110, over cavity 125, and over filter 345. Support
member 950 is preferably supported over cavity 125 by filter
345. Support member 950 is also located within recess 115
of housing 110. In FIG. 9, housing 110 is illustrated without
the optional protrusions that are illustrated to extend from
surface 121 of rim 120 in FIG. 6.

Support member 950 has a hole 951 over filter 345, over
hole 341 in support member 340, and over cavity 125 to
permit communication between sensor element 105 and the
environment outside component 900. Support member 950
and hole 951 in FIG. 9 can be similar to support member 550
and hole 551 in FIG. 6. Support member 950, however, is
preferably chemically coupled or otherwise adhered to hous-
ing 110 by an adhesive 960. In one embodiment, adhesive
960 can be similar to adhesive 135. In this embodiment,
adhesives 135 and 960 can be considered one adhesive that
has a height from rim 120 that is at least as high as the top
surface of support member 950. In a different embodiment,
support member 950 can also be mechanically coupled to
housing 110 by swaging portion 555 of the walls defining
recess 115.

Support member 950 can be approximately the same size
as support member 340 to permit adhesive 135 to be located
between an edge of support member 950 and the vertical
sidewall of housing 110. In this embodiment, adhesive 135
can further improve the reliability of the continuous seal at
the perimeter of recess 115.

FIG. 10 illustrates a cross-sectional view of a component
1000, which can be a different embodiment of component
100 in FIG. 6. Component 1000 in FIG. 10 comprises a filter
1045. Filter 1045 in FIG. 10 can be similar in function and
material composition as filter 345 in FIG. 6. Filter 1045 is
located over support member 340. Filter 1045 is also located
over hole 341 in support member 340 and is further located
over at least a portion of housing 110. In FIG. 10, housing
110 is illustrated without the optional protrusions that are
illustrated to extend from surface 121 of rim 120 in FIG. 6.

Filter 1045 is preferably located outside of housing 110
and is supported over cavity 125 by rim or portion 555 of
housing 110. In a different embodiment of component 1000,
support member 340 can support filter 1045 over cavity 125
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of housing 110. In this embodiment, housing 110 can still
have rim 120, but housing can be shorter in height. In this
different embodiment of housing 110, filter 1045 can also be
chemically coupled or otherwise adhered to support member
340.

As illustrated in FIG. 10, component 1000 also comprises
an additional or second support member 1050. Similar to
support member 550 in FIG. 6, support member 1050 in
FIG. 10 can further improve the mechanical support,
stability, and reliability of filter 1045 in component 1000.
Support member 1050 in FIG. 10, however, is a skirt or
flange.

Support member 1050 is located over at least a portion of
housing 110, over cavity 125, and over filter 1045. Support
member 1050 is preferably supported over cavity 125 by
filter 1045. Support member 1050 is also preferably located
outside of housing 110. Support member 1050 has a hole
1051 over filter 1045, over hole 341 in support member 340,
and over cavity 125 to permit communication between
sensor element 105 and the environment outside component
1000. Support member 1050 in FIG. 10 can be similar in
material composition to support member 550 in FIG. 6, and
hole 1051 in FIG. 10 can be similar to the size of hole 551
in FIG. 6. Support member 1050, however, is preferably
chemically coupled or otherwise adhered to housing 110 by
an adhesive 1060 located outside of housing 110. In one
embodiment, adhesive 1060 can be similar to adhesive 135.

FIG. 11 illustrates a cross-sectional view of a component
1100, which can be a different embodiment of component
1000 in FIG. 10. Component 1100 in FIG. 11 comprises a
housing 1110. Housing 1110 in FIG. 11 can be similar to
housing 110 in FIG. 6. For example, housing 1110 in FIG.
11 has a cavity 1125 similar to cavity 125 of housing 110 in
FIG. 6, but housing 1110 in FIG. 11 does not have an upper
rim inside a recess of housing 1110.

Component 1100 also comprises a support member 1140.
Support member 1140 is located over at least a portion of
housing 110 and over cavity 125. Support member 1140 is
preferably located outside of housing 110 and is supported
over cavity 125 by a rim or portion 1155 of housing 110.
Support member 1140 has a hole 1141 over cavity 125 to
permit communication between sensor element 105 and the
environment outside component 1100. Support member
1140 in FIG. 11 can be similar to support member 340 in
FIG. 6, and hole 1141 in FIG. 11 can be similar to hole 341
in FIG. 6. Support member 1140 can be chemically coupled
or otherwise adhered to housing 110, and/or support member
1140 can be coupled to housing 110 by filter 1045, support
member 1050, and adhesive 1060.

FIG. 12 illustrates a flow chart 1200 of a method of
manufacturing a component. As an example, the component
of flow chart 1200 can be similar to components 100, 900,
1000, or 1100 in FIGS. 6, 9, 10, and 11, respectively. At a
step 1210 of flow chart 1200 in FIG. 12, a housing at least
partially defining a cavity is provided. Then, at a step 1220
of flow chart 1200, a sensor element is placed, positioned, or
otherwise disposed in the cavity. Next, at a step 1230, an
adhesive is placed, positioned, or otherwise disposed over a
portion of the housing. As an example, the adhesive can be
dispensed in a continues bead over a rim of the housing. The
rim can be roughened or can receive surface activation (i.e.,
ultra-violet light) before disposing the adhesive over the
housing.

Subsequently, at a step 1240 of flow chart 1200 in FIG.
12, a support member and a filter are placed, positioned, or
otherwise disposed over the adhesive, over the cavity, and
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over at least a portion of the housing. The support member
has a hole located over the cavity, and the filter is located
over the support member and over the hole in the support
member. Step 1240 can displace at least a portion of the
adhesive. This displacement can increase the height of the
adhesive. As an example, the displacement of the adhesive
can be accomplished by using the support member to apply
pressure to the adhesive when disposing the support member
over the adhesive.

In one embodiment of step 1240, the filter can be provided
to be attached or otherwise coupled to the support member,
and then the support member and the filter can be simulta-
neously disposed over the adhesive, the cavity, and at least
a potion of the housing. In a different embodiment of step
1240, the support member can be first disposed over the
adhesive, and then, the filter can be disposed over the
support member.

Next, at a step 1250 of flow chart 1200 in FIG. 12, the
adhesive is cured. As an example, when the adhesive is
comprised of Sifel 604, the curing process of step 1250 can
be performed for approximately one hour at approximately
150 degrees Celsius. The adhesive is cured to preferably
form a continuous seal between the support member and the
housing.

Then, at a step 1260 of flow chart 1200, an additional
support member is placed, positioned, or otherwise disposed
over the filter and the support member. Preferably, step 1260
occurs after step 1250 to prevent excessive displacement of
the adhesive. Subsequently, at a step 1270, a rim or other
portion of the housing is swaged or otherwise deformed.
Preferably step 1270 is performed after step 1260 to prevent
excessive displacement of the adhesive. The swaging pro-
cess of step 1270 mechanically couples the additional sup-
port member to the housing and preferably uses both
elevated pressure and elevated temperature.

FIG. 13 illustrates a flow chart 1300 of a method of
operating a component. As an example, the component can
be similar to components 100, 900, 1000, or 1100 in FIGS.
6,9, 10, and 11, respectively. At a step 1310 of flow chart
1300 in FIG. 13, a component is provided to comprise a
housing at least partially defining a cavity, a sensor element
in the cavity, a support member over the cavity and over at
least a portion of the housing and having a hole over the
cavity, a filter over the support member and over the hole in
the support member, and an additional, but optional, support
member over the filter and having an additional hole over the
filter and the hole in the support member.

Then, at a step 1320 of flow chart 1300 in FIG. 13,
communication is permitted between the cavity and an
environment outside the cavity through the hole in the
support member, through the filter, and through the addi-
tional hole in the additional support member. Next, at a step
1330, the sensor element is used to detect a first character-
istic of the environment. As an example, the first character-
istic of the environment can be a pressure of the environ-
ment.

Subsequently, at a step 1340 of flow chart 1300, the filter
is used to protect the sensor element from a second charac-
teristic of the environment. As an example, the filter can be
used to prevent the second characteristic from entering the
cavity in the housing. The second characteristic of the
environment can be, for example, a corrosive element or
media.

Next, at a step 1350 of flow chart 1300 in FIG. 13, the
support member is used to protect the filter from deforming
beyond a predetermined amount, and at a step 1360, the
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additional support member is used to protect the filter from
deforming beyond an additional predetermined amount. As
an example, the predetermined amount of step 1350 can be
in a first direction, and the additional predetermined amount

12

a support member over the cavity, over at least a portion
of the housing, and having a hole over the cavity; and

a filter over the support member and over the hole in the
support member;

of step 1360 can be in a second direction different from the 5 herein the housine furth . . .
first direction. In the preferred embodiment, the first and wherein the housing further comprl.ses. a rim supporting
second directions are opposite each other. the support member over the cavity;
Therefore, an improved component is provided to over- wherein the rim comprises:
come the disadvantages of the prior art. The components a surfac.e; and ) )
described herein provide effective corrosion protection 10 a plurality of protrusions extending from the surface;
while not adversely affecting the performance of the com- wherein the plurality of protrusions support the support
ponent. The location of the filter between two support member over the surface of the rim.
members improves the robustness of the filter to prevent, or 2. The component of claim 1 further comprising:
at least reduce, mechanical failures of the filter due to large . . .
. . an adhesive adhering the support member to the rim,
and/or quick changes in pressure. The easy assembly meth- 15 .
ods for the component also minimize the manufacturing wherein: ) )
costs of the component. the adhesive forms a continuous seal between the
Although the invention has been described with reference support member an‘? the housmg.
to specific embodiments, it will be understood by those 3. The component of claim 1 wherein:
skilled in the art that various changes may be made without 29  the support member and the filter are located within the
departing from the spirit or scope of the invention. For housing.
instance, the numerous details set forth herein such as, for 4. The component of claim 1 further comprising:
example, the material cqmposmons, the dimensions, anq the an additional support member over the filter and having
sequence of manufacturing .and operating steps are provided 25 an additional hole over the filter and the hole in the
to facilitate the understanding of the invention and are not support member
provided to limit the scope of the invention. Additionally, a 5. The component .of claim 4 wherein:
coating or encapsulant can be used inside the cavity in the ’ ) P o o
housing, and the components can be devoid of electrical a portion of the housing is over the additional support
leads. Furthermore, the support members and/or filters can member. ) )
be permanently attached to each other andjor the housing. 3° 6. The component of claim 4 wherein:
Alternatively, the support members and/or filters can be the support member, the filter, and the additional support
removable, interchangeable, and/or replaceable parts, but member are located within the housing.
such replacement constitutqs reconstructing or rebuilding 7. The component of claim 1 further comprising:
the component and not repair of the component. ) 35 clectrical leads in the cavity, extending through the
Moreover, steps 1320, 1330, 1340, 1350, and 1360 in flow housing, and protruding outside of the housing.
chart 1300 of FIG.. 13 or any subset thereof can be performed 8. The component of claim 1 further comprising:
simultaneously with each other. Still furthermore, the two ) e el o th . d adi d
support members and the filter can be pre-assembled an ¢ ect.romc clement in the cavity and adjacent an
together, and this assembly can be disposed over the 0 clectrically coupled t.o.the sensor element.
adhesive, over the cavity, and over at least a portion of the 9. A component comprising:
housing during step 1240 of flow chart 1200 in FIG. 12. In a housing at least partially defining a cavity;
this embodiment of flow chart 1200, step 1260 is eliminated, a sensor element in the cavity;
and step 1270 is optional. . .
; . . . a support member over the cavity, over at least a portion
. Acs:orfimglé/, (tihe dlst::10§ﬁre of f?mbodflmgnts of the Hgvetrll' 45 of the housing, and having a hole over the cavity,
tion 1s Intended to be illustrative of the scope of the wherein the housing further comprises a rim supporting
invention and is not intended to be limiting. It is intended o
. . . the support member over the cavity;
that the scope of the invention shall be limited only to the .
extent required by the appended claims. a filter over the support member and over the hole in the
Benefits, other advantages, and solutions to problems s suppor.t member., )
have been described with regard to specific embodiments. an adhesive adhering the support member to the rim;
The benefits, advantages, solutions to problems, and any wherein the adhesive forms a continuous seal between the
element or elements that may cause any benefit, advantage, support member and the housing;
or solution to occur or become more pronounced, however, wherein the support member has a first side facing
are not to be construed as critical, requlred,. or essential 55 towards the cavity, a second side facing towards the
features or elements of any or all of the claims. As used filter, and an edge coupling together the first and second
herein, the term “comprise,” “include,” “have,” and any sides; and
yarlatl.ons thereof, ‘are intended to cover a non-exclusive wherein the adhesive adheres the first side and the edge of
inclusion, such that a process, method, article, or apparatus .
. . . the support member to the housing.
that comprises a list of elements does not include only those . .
. 10. The component of claim 9, wherein:
elements, but may include other elements not expressly L
listed or inherent to such process, method, article, or appa- the edge has a height; and
ratus. the adhesive has a height from the rim at least as high as
What is claimed is: the height of the edge.
1. A component comprising: ¢s  11. The component of claim 9 wherein:

a housing at least partially defining a cavity;
a sensor element in the cavity;

the rim is continuous; and
the adhesive is continuous over the rim.
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12. A component comprising: wherein:
a housing at least partially defining a cavity; the rim is continuous around the perimeter of the
recess; and

a sensor element in the cavity;
a support member over the cavity, over at least a portion

the adhesive forms a continuous bead around the

. ; . 5 perimeter of the recess and over the rim.

of the. housing, .and having a hgle over the cavity, 18. The component of claim 13 wherein:

wherein the housing further comprises a rim supporting . .

the support member over the cavity; the ﬁrs.t support member is chemically coupled to the

. housing;

a filter over the suPport member and over the hole in the the filter is chemically coupled to the first support mem-

support member; 10 ber: and

. . . er; an

an adhesive adhering the support member to the rim; the second support member is mechanically coupled to
wherein the adhesive forms a continuous seal between the the housing.

support member and the housing; 19. A component having a cavity in communication with
wherein the rim comprises: an environment outside the component, the component

a surface; and 15 comprising:

a plurality of protrusions extending from the surface; a housing having a recess and a rim located at a perimeter
wherein the support member has a first side facing of the recess, the cavity located within the recess;

towards the cavity, a second side facing towards the a sensor element in the cavity;

filter, and an edge coupling together the first and second ;5 first support member in the recess, supported over the

sides; cavity by the rim, and having a first hole over the
wherein the plurality of protrusions support the first side cavity;

of the support member over the surface of the rim; a filter in the recess, supported over the cavity by the first
wherein the adhesive is located at least between the support member, located over the first hole in the first

surface of the rim and the first side of the support 25 support member;

member; and a second support member in the recess, supported over the
wherein the adhesive adheres the edge of the support cavity by the filter, and having a second hole over the

member to the housing and adheres a perimeter of the filter, the first hole in the first support member, and the

first side of the support member to the rim. cavity;

13. A component having a cavity in communication with 39 an adhesive adhering the first support member to the rim
an environment outside the component, the component to form a continuous seal between a perimeter of the
comprising: first support member and the housing;

a housing having a recess and a rim located at a perimeter wherein the rim is continuous around the perimeter of the

of the recess, the cavity located within the recess; 5 recess;

a sensor element in the cavity; wherein the adhesive forms a continuous bead around the

a first support member in the recess, supported over the perimeter of the recess and over the rim;

cavity by the rim, and having a first hole over the wherein the rim comprises:
cavity; a surface facing away from the cavity; and
a filter in the recess, supported over the cavity by the first 40 a plurality of protrusions extending from the surface
support member, located over the first hole in the first away from the cavity; and
support member; and wherein the first support member has a first side facing
a second support member in the recess, supported over the towards the cavity, a second side facing towards the
cavity by the filter, and having a second hole over the filter, and an edge coupling together the first and second
filter, the first hole in the first support member, and the 45 sides;
cavity; wherein the plurality of protrusions support the first side
wherein the rim comprises: of the first support member over the surface of the rim;
a surface facing away from the cavity; and and
a plurality of protrusions extending from the surface wherein the adhesive is located between the first side of
away from the cavity; 50 the first support member and the surface of the rim and
wherein the plurality of protrusions support the first is located between the edge of the first support member
support member over the surface of the rim. and the housing.
14. The component of claim 13 wherein: 20. The component of claim 19 wherein:
the cavity is in communication with the environment _ the adhesive adheres the edge of the first support member
through the first hole of the first support member, the to the housing and the first side of the first support
filter, and the second hole of the second support mem- member to the rim.
ber. 21. The component of claim 19 wherein:

15. The component of claim 13 wherein: the edge has a height; and

the first and second support members are comprised of ,  the adhesive has a height from the rim at least as high as

stainless steel. the height of the edge.

16. The component of claim 13 wherein: 22. A component having a cavity in communication with

the filter is comprised of polytetrafluoroethylene. an environment outside the component, the component

17. The component of claim 13 further comprising: comprising:

an adhesive adhering the first support member to the rim 65  a housing having a recess and a rim located at a perimeter

to form a continuous seal between a perimeter of the
first support member and the housing,

of the recess, the cavity located within the recess;
a sensor element in the cavity;
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a first support member in the recess, supported over the
cavity by the rim, and having a first hole over the
cavity;

a filter in the recess, supported over the cavity by the first
support member, located over the first hole in the first
support member;

a second support member in the recess, supported over the
cavity by the filter, and having a second hole over the
filter, the first hole in the first support member, and the
cavity;

electrical leads having a first portion protruding outside of
the housing, a second portion extending through the
housing, and a third portion in cavity and electrically
coupled to the sensor element,

5
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an adhesive located at least between the surface of the rim
and the portion of the support member located over the
surface of the rim.

25. The component of claim 24 wherein the adhesive
forms a continuous seal between the support member and
the housing.

26. The component of claim 24 wherein:

the rim is continuous; and

the adhesive is continuous over the rim.

27. A component comprising:

a housing at least partially defining a cavity, the housing

including a rim having a surface;

a sensor element in the cavity;

a filter;

wherein the housing further comprises: Loy support member including a portion located over the
an additional rim located at a perimeter of the cavity, surface of the rim, at least a portion of the support
located below the rim, and supporting the third member is located undey the filter to prov1d§: support
portion of the electrical leads in the cavity; and for the filter over the cavity, the at least a portion of the
a mounting surface located below the additional rim support member located under the filter defines a hole
and supporting the sensor element. over .the cavity; ) )
23. The component of claim 22 further comprising: a plurality of protrusions separating the surface of the rim
an electronic element in the cavity, adjacent and electri- and the portion ,Of the support member locqted over the
cally coupled to the sensor element, and electrically surface of the rim, the plurality of protrusions support
coupled to the third portion of the electrical leads. 25 the support member over the surface of the rim; .
24. A component comprising; an adhesive located at least between the surface of the rim
a housing at least partially defining a cavity, the housing ;rff;gz I())(f)rtt}llznr?rflthe support member located over the
including a Hm. (120) ha\./mg a surface; 28. The component of claims 27 wherein:
a sensor element in the cavity; 30  the protrusions ensure a thickness of the adhesive between
a filter; the surface of the rim and die the portion of the support
a support member including a portion located over the member over the surface of the rim.
surface of the rim, at least a portion of the support 29. The component of claim 27 wherein the adhesive
member is located under the filter to provide support forms a continuous seal between the support member and
for the filter over the cavity, the at least a portion of the 35 the housing.

support member located under the filter defines a hole
over the cavity;

a plurality of protrusions separating the surface of the rim
and the portion of the support member located over the
surface of the rim;

30. The component of claim 27 wherein:
the rim is continuous; and
the adhesive is continuous over the rim.
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