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autonotive applications. 10 Background of the

| nventi on Hernmetic sealing of packaged el ectronic devices is

| mportant in situations where the electronic device is to operate in a
corrosive environnent. In any el ectronic package, an electrical
connection 15 nust be nmade fromthe outside world to the electronic
conponent s i nside the package. Typically, the electrical connection is
provi ded by ELBERONIE CONMROL BODURE RAVINC PO G 8RREE 20
The nol di ng process fornms a nechani cal séal "aroun he a ,
however, the nol di ng process does not forma chem cal bond between the

20 leadfranme and the plastic pack&ieldbafdthe Inventign ol di ng a | eadf rane
into the plastic package body does not forma hernetic seal, because air

and |iquids cgl m gratg .along the | eadframe and enter the interior.
regi ons of the® package ThIHGHOR i general, | to electranie padages having
hermetic seals, and more particularly, to hermetic electronic modules

containing an electronic device and having fluid-tight seals for use in
automotive applications.

10 Background of the Invention

Hermetic sealing of packaged electronic devices is important in
situations where the electronic device is to operate in a corrosive
environment. In any electronic package, an electrical connection

15 must be made from the outside world to the electronic components
inside the package. Typically, the electrical connection is provided by
a leadframe molded into the plastic body of the package. The molding
process forms a mechanical seal around the leadframe, however, the
molding process does not form a chemical bond between the

20 leadframe and the plastic package body. Simply molding a leadframe
into the plastic package body does not form a hermetic seal, because air
and liquids can migrate along the leadframe and enter the interior
regions of the package through the package wall. As electronics
technology advances, more complex electronic devices are housed in

25 plastic packages. The complex devices show high sensitivity to
contamination and can readily fail upon contact by oxidants and
corrosive fluids.

Truly hermetic packages require extensive sealing technology to
prevent air and fluids from penetrating into the interior of the

30 package. One technique for fabricating a hermetic package involves
the use of metal packaging rather than plastic and glass or ceramic
feed-throughs. Electrical connections can be made by soldering leads
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Epoxy materials represent one alterna Ve to g ss a ceranucs ,

for the fabrication of hermetic seals. Epoxy sealing technology can be
used with plastic to reduce packaging costs with the additional

10 advantage of wide utility for many different packaging materials and
package designs. To form a hermetic seal, an epoxy potting material is
applied around the leadframe where it exits the plastic package body.
Because there is no practical method of applying the potting material
to the interface, the potting material is applied to outer surfaces of the

15 package body rather than directly to the leadframe-package body
interface. The potting material requires good adhesion to both the
leadframe and the plastic package body in order to maintain a
hermetic seal.

While epoxy potting materials can be used to form a hermetic

20 seal, these materials can be adversely affected by corrosive gases and
fluids contacting the outer surfaces of the plastic package body.
Although epoxy can be hardened, a hardened epoxy can have a
coefficient of thermal expansion that differs from the plastic packaging
material. Differences in thermally induced expansion of the epoxy

25 and the plastic over the temperature ranges in which many electronic
devices must function can easily lead to cracking and loss of
hermeticity. In addition to cracking problems, epoxy seals are not
suitable where the package is to be exposed to hydrocarbon fluids, such -
as oils, solvents, and the like, or strong oxidizing acids. Accordingly,

30 new package sealing techniques are required for electronic modules
that are to be operated in corrosive chemical environments.
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new package sealing techniques are required for electronic nodul es
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98/ 12743 FIG. 1B illustrates, in cross-section, a portion of an éledtrditie 7/ 12086
3 module arranged in accordance with an alternative embodiment of

the invention;
FIG. 2 is a top view of an electronic module arranged in

10 accordance with an exemplary embodiment of the invention;

FIG. 3 is a cross-sectional assembly view of the electronic
module shown in FIG. 2 taken along section lines 3-3; and

FIG. 4 is a cross-sectional assembly view of the electronic
module shown in FIG. 2 taken along section lines 4-4.

15 It will be appreciated that for simplicity and clarity of illustration,
elements shown in the FIGURES have not necessarily been drawn to
scale. For example, the dimensions of some of the elements are
exaggerated relative to each other. Further, where considered
appropriate, reference numerals have been repeated among the FIGURES

20 to indicate corresponding elements.

Detailed Description of Preferred Embodiments

The present invention is for an electronic module that is

25 capable of preventing fluids from entering the module and damaging
internal electronic components. Electronic modules can be exposed to
corrosive fluids from a harsh operating environment. The module
design of the invention prevents fluid from entering along major
ingress pathways by placing an expandable polymer material within

30 an interior cavity that is aligned to the fluid ingress pathway. When a
fluid to which the electronic module is exposed contacts the
expandable polymer material, the polymer material swells to form a
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overlying package substrate 12. Package substrate 12 and cover 15
cooperate to form a housing 17 protecting an electronic component 18.
Cover 15 is hermetically bonded to package substrate 12 to provide a
fluid-tight seal between the cover and the package substrate.
15 An electronic component 18 is bonded to package substrate 12 by
an adhesive layer 20 and wire bonded to a package lead 22 by wire
bond 24. Package lead 22 has an exposed interior portion 26 overlying
bond pad platform 16. Wire bond 24 is bonded to interior portion 26,
such that package lead 22 is electrically coupled to electronic
20 component 18. Package lead 22 extends through an interior portion of
bond pad platform 16 and traverses an interior cavity 28. Package lead
22 also extends through an interior portion of wall section 14, and an
exposed terminal end 30 extends outward from wall section 14, such
that electrical contact to external systems can be made to electronic
25 module 10.
Interior cavity 28 is enclosed by an epoxy seal 32, which
functions as a cover over interior cavity 28. An expandable polymer
material 34 resides in interior cavity 28. When package lead 22 is
exposed to a fluid, such as a hydrocarbon fluid, water, liquid solvents,
30 and the like, a major ingress pathway is created by diffusion of the
fluid along package lead 22. If the diffusion of the fluid is not
impeded, the fluid will eventually diffuse along package lead 22 to
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fluid-tirght seal, thus closing the ingress pathway. In one aspect, the

i nventi-on provides an expandable material that is responsive to a

fluid entering twsegphaeatronic nodul e along an ingress pathway._The

seal remains dormant until such tine as a fluid attenpts to ehFEVU$ﬂ@”B‘
el ectronic nodule, and at that tinme the polynmer begins absorbing the
fluid and expands to forma fluid-tight seal. Shown in FIG 1A,
In cross-section, is a portion of an electronic nodul e 10 arranged in
accordance with one enbodi nent of the I nvention. A package substrate
12 includes an outer wall section 14 10 afd a bond pad pl atform 16.

El ect roni ¢ nodul e 10 i ncludes a cover 15 overlying package substrate

12. tPa'c[:kage subistim&x@orlﬁomm 25)Yiin iﬁng mre%ﬁan@é\%thl{] i"éibt :Jis' ”g 15 g
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cover and the pactéRddablepalymer material stmsnor@ivedpraoﬂw@l dtiqumgnt 18 is
:)onded tlc<) paclkag ealong) patixdge léa'ﬂin(such Q§Wﬁmrex§9ﬁa§g% bon(cjied
o a package ég g: a as_an expose
interior porti on ver eexpa {9 f’?ag?wﬁ%g IORtER PRSI, | s

bonded to interi oaroyaétthwozi@n of packgseheadm trpmmgantermtdam szs
electrically couprleedpieasm’eezﬁéd%mb &@mm&?ﬁpm Qé’als

[T aver ses an it rISHEE URROLL e e fomed B d S éﬁa@”?hrough
an interior porti®atesial ﬁémrem flyid iwm diffusing to mtennppgehbnseofm nal end 30
extends outweitd feledtromi¢ nodiedd 16)3uét as B&H pad platform 16.
An electronic module 11 in accordance with an alternative
embodiment of the invention is illustrated in cross-section in FIG. 1B.
In the alternative embodiment, interior cavity 28 and bond pad
platform 16 extend to the upper surface of package substrate. Epoxy
15  seal 32 separates wall surface 14 and bond pad platform 16 from cover
15 and seals interior cavity 28. An air pocket 35 overlies expandable
polymer 34 within interior cavity 28. When expandable polymer 34
swells upon contact with a fluid, air pocket 35 provides a counter force
opposing the expansion of expandable polymer 34. The resistance
20  provided by air pocket 35 increases the pressure within interior cavity
28 sealing package lead 22 to package substrate 12.
The alternative embodiment illustrates the use of a deformable
media, such as air, to provide a resistive force within interior cavity
28. Those skilled in the art will appreciate that other materials and
25  structures, such as a gas filled bladder, and the like can be used, to
counter the expansion force of expandable polymer 34 and increased
the pressure about package lead 22.
In a preferred embodiment of the invention, polymer material
34 is a silicone-based polymer capable of volumetric expansion upon
30  contact with a fluid, such as a hydrocarbon fluid. Most preferably, the
silicone-based polymer is a substituted polysiloxane containing
repeating alkyl-substituted monomer units, or a random copolymer
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interior portion 26, then along wire bong 24 eventual ly reaching
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polysiloxane material, dimethyl polysiloxane, can be a primerless
silicone adhesive that develops a strong self-priming adhesive bond

10 upon thermal curing. One such silicone adhesive is available from
Dow Corning Corp. of Midland, Michigan and sold under the
tradename "SYLGARD 577." After curing, the preferred silicone
adhesive has a specific gravity of 1.32 at 25°C, a tensile strength of 860
psi, and a lap share strength of 770 psi. Experimental results indicate

15  that upon exposure to a long chain (C16 to C20) hydrocarbon fluid,

such as automotive power steering fiuid available from Deutsche
Pentosin-Werke GmbH of Wedel, Germany and sold under the trade
name "PENTOSIN," the dimethyl polysiloxane will undergo a
volumetric expansion ranging between about 49 to about 71 percent

20 depending upon the exposure time. The experimental data collected
for dimethyl polysiloxane is shown in Table 1.

TABLE I
- MATERIAL % VOLUME CHANGE*
25 Dimethyl
Polysiloxane 71
Fluorinated
Polysiloxane 14
30

* 168 hr. exposure to Pentosin power steering fluid
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PCT/ US97/ 12086 Rz are alkyl substituents, and where n and m are posiﬁve integers
existing in various ratios depending upon the particular polysiloxane
compound.

10 The most preferred halogenated polysiloxane is a random, co-
polymeric fluorinated polysiloxane having the chemical formula
[Si(CH3)XCH2CH2CF3)0)4[Si(CH3)20)]6. The preferred fluorine
substitute polysiloxane is 40 percent stoichiometric fluorine
substituted, and shows good adhesive properties upon thermal

15 curing. A suitable fluorinated polysiloxane is available from Dow
Corning Corp. of Midland, Michigan under the tradename "X4-8012."
The fluorinated polysiloxane exhibits a specific gravity of 1.28 upon
thermal curing and has a tensile strength of 790 psi. Experimental
results indicate that the fluorinated polysiloxane will undergo a

20 volume expansion of about 14 to 21 percent upon exposure to a
hydrocarbon fluid such as automotive power steering fluid. The
experimental data for the fluorinated polysiloxane is shown in table 1.

Referring to FIGs. 1A or 1B, in an assembly process, one of the
foregoing preferred polysiloxane compounds is deposited into interior

25  cavity 28 after package lead 22 has been molded into package substrate
12. Epoxy seal 32 is applied and cured to form a pressure resistive
cover over interior cavity 28. Upon contact with a hydrocarbon oil,
the polysiloxane expands exerting a préssure on all six sides of interior
cavity 28,

30 As shown in Table I, upon a contact with automotive power
steering fluid, the preferred fluorinated polysiloxane will increase in
volume by about 14 percent. This expansion will exert a pressure
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MATERI AL package sealing mechanigpr of the\iventign can be applied to a wide j gt hy|
Pol ysil oxane  variety of electronic modules. Fbr example, a cavity containing dri uor i nat ed
F 8' %ézlnlt g)s(?ze p ovPaziable; Polymer, material cift béJormed in electronic piRagds E€XPOSUre
10 designed to protect integrated circuit components. In addition, the
invention can be used in other types of packages designed to protect
sophisticated electronic devices, such as multichip modules, hybrid
power transistor arrays, engine control units, and the like.
Furthermore, the reactive sealing mechanism of the invention can be
15 employed in any package design where it is desired to prevent a fluid
from entering the interior spaces of the package along a diffusion
pathway. Accordingly, the following exemplary embodiment is but
one of many such possible arrangements for the incorporation of the
reactive sealing mechanism of the invention in an electronic module.
20 FIGs. 2-4 illustrate various views of an electronic module 40
arranged in accordance with an exemplary embodiment of the
invention. Shown in FIG. 2 is a top view of an electronic module 40
that is configured for emersion into a hydrocarbon fluid. A plurality
of electronic components 42 overlie a printed circuit board 44 and are
25 interconnected with each other and to a plurality of power transistors
46 by interconnect leads 48. Control signals from external electric
control circuitry (not shown) are electrically coupled to electronic
compdnents 42 by a first leadframe 50 that is molded into a package
substrate 52 of electronic component 40. Power control signals are
30 output from power transistors 46 to external drive motors (not
shown) by a second leadframe 54. Both first and second leadframes 50
and 54 include a plurality of metal leads 56 and 58 respectively, that
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Where polymer material 34 is a random co-pol yrmeric pol ysi |l oxane, the
preferred material is a fluorosiloxane where Rerr] is CBH4F3 and R2
and R3 are CH3, wyanbfyg ratio of polynmer units is nim f’a‘ﬁ%
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FlUor T nat ed pol ySPraRIsr oot 60, ThRgye, it is Fondled Betiphersl BBou? BOID 1 o i co.
1A or 1B, in an deosanbflyid-tightsesl betweentovérs2 and paakage subsirate 62.cAr ed

pol ysi | oxane WPNDieatdpreaderl6PRThORIEd io%pdcRhEe sWbstrate 52 and provides a
support for printed circuit board 44. Heat spreader 63 functions to
dissipate the large amount of heat generated by power transistors 46
during operation of electronic module 40. Heat spreader also includes
attachment means 65 for mounting electronic module 40 to a surface

15 of an automotive power steering reservoir.

When cover 62 and package substrate 52 are brought together
and sealed, electronic components 42 and power transistors 46 are
enclosed within an interior cavity 68. Power transistors 46 are wire
bonded to an interior portion 70 of metal lead 58 by a wire bond 72.

20 Metal lead 58 extends through a second interior cavity 74 and wall
~ surface 64, an expandable polymer material 76 resides in second cavity
74 and is contained therein by an epoxy layer 78.
A cross-sectional assembly view of electronic module 40 taken
along section line 4-4 of FIG. 2 is shown in FIG. 4. A wire bond 80
25 electrically couples electronic components 42 through interconnect
leads 48 to an interior portion 82 of metal lead 56. Metal lead 56 is
bonded to a bond pad platform 84 and wall surface 64 of package
substrate 52. Metal lead 56 traverses a third interior cavity 86.
In an arrangement similar to the sealing mechanism of second
30 cavity 74, an epoxy seal 88 overlies a polymer material 90 deposited
within third cavity 86. In the illustrative embodiment, the individual
metal leads of leadframe 50 are considerably smaller and more
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interior cavity 28 of about 45 MPa. The substantial pressure exerted

by the fluorinated polysiloxane effectivgly prevents the power
steering fluid fromdiffusing through bond pad platform 16 and

contamnatlngthe W|re fo & ort| o e 5
lead 22. ol S the IAAETRAT miele Jrack of e Restzgihe BRC 107
interactive  isippokagktosnoteithat, desmmthmdrepamﬂyem lnaéudcmnsxgas) the appli ed
to a wde %ﬁéﬁ&tééaﬁﬁ%%é’&ﬁﬁﬂﬁi bf M ivetiol tan Beeh Royed t@,aféhw

packages 10 ddSPISASHIED AL Indy PEVEHow A ATEhPLE | o
addition, tBe fluid hgh&batnambeb&eexbe padeagelbudytmulembé@dsthages
desi gned 10 prGigihus ph rysxcﬁpél@rﬂtéﬁéﬁc%d BicRfidd BRI polfRet pRfterifluch as
multichip rmdu'employf w1 second and third cavities 74 and 86 becomes
deformable upon contact with a hydrocarbon fluid, the polymer
material can form a tight seal around virtually any cross-sectional lead
10 geometry. Furthermore, the deformable nature of the polymer
material permits the material to be employed in a cavity having
substantially different geometric aspects than those illustrated herein.
For example, the cavity can be entirely enclosed within substrate
material and be introduced through an access port within the
15 substrate. Those skilled in the art will appreciate that many such
variations are possible to employ the reactive sealing mechanism of
the invention and those various geometries are within the scope of
the present invention.
In the present illustrative embodiment, electronic module 40 is
20 designed to be attached by attachment means 65 to metal supports
within the power steering mechanism of an automobile. The point of
attachment is such that in operation, electronic module 40 will be
entirely submerged in power steering fluid within a power steering
apparatus. The large amount of heat generated by the operation of
25 electronic module 40 will be dissipated by heat spreader 63, and by heat
transfer from the package housing to the surrounding power steering
fluid. Because electronic module 40 will spend its entire functional
life submerged in power steering fluid, the protection of electronic
components 42 and power transistors 46 from contamination from
30 the power steering fluid, requires perfect fluid-tight sealing about all
exterior surfaces of the package housing. In accordance with the
invention, expandable polymer materials 76 and 90 stand ready to




power transistor arrays, engine control units, and the |ike.

Furt hernore, the reactive sealing nechanismof the invention can be 15

enpl oyed i n any package design where it is desired to prevent a fluid
fromentering the interior spaces of the package along a diffusion

pat hway. -Accor dipRglégnerdshe fol I owi ng exenpl ary enbodi ment is but one of
many such possi bl e arrangenents for the incorporation of the PCTAU ¢ve
seal i ng nechani smof the invention in an el ectronic nodule. 20

FIGs. 2-4 illustrate various views of an el ectronic nodule 40 arranged
in accordance with an exenpl ary enbodi nent of the i nvention. Shown in
FIG 2 is a top view of an el ectronic nodul e 40 . that is configured for
enersion into a hydrocarbon fluid. A plurallity of electronic
conponents 42 overlie a printed circuit board 44 and are 25 interconnected
w th each other apg bﬁdqoméjf,@sé Y WEWer! deédiil

i nterconnect | eads l%('%qjtrol l}dgén(gras fron?xfas&terrﬁzfm{a@%lgﬁsllﬁgop‘g
circuitry (not sh gl rlcaIIy coupled to electronic
conponents 42 by a fi rBuwslibispparent3bat there has bedrdprbvided) in acemidagee

substrate 52 of e{m\t HRNinGe O BlecttOnic B l‘h%ﬁﬁl@'haﬁh ?iu?d Rght 30
out put from poyer kg%sfugg %%o ext ernal }V&hgt ors shown)
by a second | eadf R e adyatages sphfor gugh and 54
i ncl ude a pl ural i inyentiombas be¢redescribéd amd ifiestrated eeith refeyendettatspecific
WO 98/ 12743 illustrative embodiments thereof, it is not intended that the
PCT/ US97/ 12086 . . A . . .
invention be limited to those illustrative embodiments. Those
skilled in the art will recognize that variations and modifications can
10  be made without departing from the spirit of the invention. For
example, other types of packaging materials, such as polyimides,
silicone plastics, refractory-metal impregnated plastics, and the like
can be used. Furthermore, tape bonding and surface mount
technology can be employed. It is therefore intended to include
15  within the invention all such variations and modifications as fall
within the scope of the appended claims and equivalents thereof.

cont r ol



carry the e nals to and fromelectronic control nodul e 40.
A peri pheral MH@' ﬂlgs around the perineter of package
substrate 5 d to receive a cover 62. A
cross-sectional asserrbly view of electronic module 40 taken 5 al ong
section line 3-3 of FIG 2 is shown in FIG 3. Package substrate 52
includes an exWeA#MYal | surface 64 within which peripheral PGTUSYA286 60
is formed. A tongue 66 depending from cover 62 inserts into peri pher al
groove 60. Tongue 66 is bonded peripheral groove 60 to forma
fluid-tight seal between cover 62 and package substrate 52. A 10 heat
spreader 63 is nolded into package substrate 52 and provides a support
for printed circuit board 44. Heat spreader 63 functions to di ssi pate
the | arge anmount of heat generated by power transistors 46 during
operation of electronic nodule 40. Heat f??r eader al so includes

attachnent neans 65 for nounting el ect r% M hpdule 40 to a surface 15 of
an aut onotive power steering reservoir. When cover 62 and
package substr atyweSdagmh:e brought together and seal ed, electronic
conponents 42 and power transistors 46 are enclosed within an interior
cavity 68. Power transistors 46 are wire bonded to an interior portion
70 of netal |ead 58 By Anelectropimohodfle aomphisingt | ead 58 extends through a

second interior cavity 74,30 having an%%&ﬁce%ﬁéﬁ@@ﬁ' e pol yner

material 76 resides in second C wtgee l and is contained therein by an
epoxy | ayer 78. ’ assenbly view of electronic
nmodul e 40 taken al ongnsﬁietttmmc Icompomezlt ofounted within thedwusing;FI G 4. A

wire bond 80 25 el ectri cghlinterfytRa q},ﬁﬁﬁ{ﬂ@ﬁo anerhedidte tdugh
i nt er connect | eads 48 to gln |nt ) orél gakﬁf I netal.l ead 56.
Metal lead 56 is bonded t BH'HP SHexiof sHKfaceis i f ace 64

of package substr at eelﬁtndﬁted\né&ads&ﬁupleelvlor&lesel%ct!dmﬁ d interior
cavity 86. I'n an ar g H&&taﬁd BkleAlirigdtHrBaghR tAk iigrigChani sm of
second 30 cavity 74, an epoxy se overlles Iyner material 90
deposi t ed within third caG‘I“fl ﬂf% Xberior ?‘f’ﬁ%ﬁ ative embodi nent, the
i ndi vi dual met al | eampdymeeanﬁteaabWMlaﬁhe interior GRVY yesponsiver and
or € to the fluid, such that the polymer material

expands upon contact with the fluid sealing the
communicating means within the interior cavity
and preventing the fluid from contacting the
component; and '

a sealing layer within the interior cavity configured for
containing the polymer material.

2. The electronic module of claim 1, wherein the polymer
material comprises a silicone-based polymer selected from the group
consisting of halogenated polysiloxane and alkyl substituted
polysiloxane.

3. The electronic module of claim 1, wherein the sealing layer
comprises epoxy positioned in the interior cavity above the polymer
material.



rﬁllnutsﬁzl }ﬁgﬁmqul““!‘ m“!l&lds of second | eadfranme 54. I'éLO isnumerous

i nportant to fote that, esplte the disparity in | ead di nensions, the
reactive -seal i ngyddafy i'smof the invention can be enpl oyed t

pressuri zed sealgl ar ogﬁg | eads of various dinensions and form ﬁ’%’%sﬂ'!ﬁ“ﬁ“
tight barrier between a package body and netal |eads having vari ous
physi cal characteristics. Because the polyner materi al enpl oyed within
second and third cavities 74 and 86 becones def or mabl e upon cont act
with a hydrocarbon fluid, the polyner material can forma tight seal
around virtually any cross-sectional |lead1B0 geonetry. Furthernore, the
def ormabl e nature of the pol yner mat eri al perrrits the material to be
enpl oyed in a cavity ga"rwelecu-omé‘x'ﬁ&dxﬁgtdf%iéxﬂ)‘- Whéref iheddleitiical ¢ aspect s
than those illustrated, herein r cav can be entirely
encl osed within N comprige3 g;q%leaééangg é&%ﬂ?ﬂﬂgh an access
port within the 15 substrate. Those skilled in the art will appreciate

t hat many such Val i £h iRy ce,éﬁg ppl oy the reactive sealing
mechani sm of thegl nlsi(;alnt | or?ﬂgn %?sg&ﬁg%ll&ggs geonetries are wthin the
scope of the present B In the present illustrative
enbodi ment, el ectronic rmdaloav@wﬂuﬂ&hedwsg@d to be-attached by
attachnment neans 65 to mnet glgj %ﬁ@&?ﬂéa’iltrversﬂgttﬂbr&av 2 aRAWEvird g€ 1 g

mechani sm of an aut onobi |l e.

LS such that in
operation, electronic nmodul e 40 na t%‘d ex ‘BHS WP?EsthS MOUSEE: i n power
steering fluid w thin a powheraindbe te:mmalendls exposed to a fluid; and :

an expandable polymer material within the cavity and
confined by an epoxy seal; and

a pressure resistive layer overlying the expandable
polymer,

wherein the pressure resistive layer and the expandable
polymer cooperate to form a seal surrounding the
electrical lead and sealing the lead to the housing
upon contact of the expandable polymer by the
fluid.

a

6. The electronic module of claim 5, wherein the housing
comprises:
a package substrate having a peripheral groove therein;
and
a cover having a tongue depending therefrom,
wherein the tongue is inserted into the groove to form a
fluid-tight seal.

7. The electronic module of claim 5, wherein the pressure
resistive layer comprises a deformable media.

8. The electronic module of claim 5, wherein the pressure
resistive layer comprises an epoxy layer positioned within the cavity.



apparatus. The |arge anount of heat generated by the operation of 25

el ect roni C]M“ﬂ“ﬁulﬂﬂyume di ssi pated by heat spreader 63, and by heat
transfer f ousing to the surroundi ng power steering
f1uid. .Becalse‘el ectorii ¢ "nodul e 40 wil | spend its entire functional
|ife submerged in power steering fluid, the protection of electronic
conponent s 42 V¥h8/B#MAer transistors 46 from contani nati on frReA/GH71208€
power steering fluid, requires perfect fluid-tight sealing about all
exterior surfaces of the package housing. In accordance with the

i nvention, expandable polynmer materials 76 and 90 stand ready to

WD 98/ 12743

PCT/ US97/ 12086, 14 11 respond
to the presence of any power steering fluid diffusing along nmet al

| eads 56 or 58. Thus it is apparent that there has been

provi ded, in accordance with the invention, an el ectronic control

nodul e havi ng f1ui d-o. i The eleétromie ahedule odtcldim 5,ywlmeirsthefmmddalkages set

forth above. qp&.{,i | | ustrated
wi th reference {Dmspem %‘Eﬂal combﬁ%/ﬁ% %@a {i&%ﬁaé&ﬂ c’l?ﬁé%él i dt IS not

i nt ended that t¥he group copsisting g hb‘QSP Y%‘W?R%@$Pﬁi¥ éﬁt}t{}tp '
enbodi nment s. Thpogsxloxaneskl Iled in the art will recognize that variations
and nodifications can 10 be made w t hout departi ng fromthe spirit of the
i nvention. For exanpl e, other types packagi ng rﬂa EI’I al s, such as
pol yi i des, 10. The electronic module of cla1m5 wherein the

comprises a hydrocarbon fluid.
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silicone plastics, refractory-netal inpregnated plastics, and the like

can-be used. Furthernore, tape bonding and surface nount t echnol ogy
can be enployed. It is therefore intended to include 15 within the
i nvention all such variations and nodifications as fall wi thin the

scope of the apgend | ai ms and equi val ents thereof. PO idgst 3
PCT/ US97/ 12086 fithes - 12

Cl ai s W claim 1. An el ectronic nodul e conprising:
a housing having an exterior 'surface corﬁ/aured for
exposure to a fluid,; an el ectronic _ﬁponent mounted within

the housing; CZZ2P72 777777 207 27 el A ¢ e

i ntermedi ate to $ohe ket
el ect &8 conne 82 to the

exterijor surface;
el ectronic 18

et o PO T N
17— B \\\\\\\ \\\ -

" M

N < N \\

* FIG.1B

r——*BB
62
64 66 . 84 88 60 g4
42 80
| }’2 46
III\IIIIIII/IIIIIIIIIII"IIIIIIIIII 56
K= 8240 [ 5Ll 65
65 44 86
—» BB

FIG.4



expands upon contact with the fluid sealing the

communicating neans within the interior cavity and
preventing the fluid fromcontacting the conmponent ;
and. . a sealing layer within the interior cavity configured
for containing the polyner material . The
el ectronic nodulvvgpg{‘n@isai m 1, V\/nereign thepponWer mat eri al g&;{gﬁ!'ygéﬁﬂa
silicone-based pol yner selected fromthe group consi sting of hal ogenat ed

pol ysi | oxane and al kyl substituted pol 2;{20xane. 3. The
el ectroni c nodul e of claim lgg Wherein the sealing | ayer conpri ses epoxy
positioned in the interior Ity above the pol yner mat eri al . WO
98/ 12743 - — — = © «<PCT/ US97/ 12086
13 4. The el ectroni dul'¢ of ®@ aim1, wherein the el Iec i cal
connections conprfrsg a [feqal Keddfr a\ ached to the housi ng. < 5.
An el ectroni c nodqul ¢ cgnpri si B a housi N
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a cavity—wthtn-thehousT ng; a electrical |ead +§k@%ﬁ§?ﬁéﬁj
the cavity and having a term nal end extengi qm@,
the hOlﬁ“m““l“I“““! Cﬂ L wherein the terninal end is eXpOSGdr%& ?%I d; 7

~and REIERT 1IN HER andabl e pol yner material within the cavity and

confined by an epoxy seal; and 14a pressure resistive |ayer
overlying the expandabl e pol yner,

wherein the pressure resistive |ayer and the expandabl e

pol ymer cooperate to forma_seal surrounding the .
el ectrical lead and seédl i ngThe@lactipmia madule 196 plainy 5, wherein the expandable

upen, contact o AP ARG cBRHESE, Rsdierhoss, potgne, srie, ot &

a package subst r agreupaconsistingeof diedogénatedopelysiloxarien;and alkyl substituted

and Ei cPver havi ng a tongue dependi ng t herefrom

wherein the tonglf?a‘)Y§°?(ﬁ§%'rted into the groove to forma

fluid-tight seal. 7. The electronic nodule of claim5, wherein the
pressure resistive |ayer conprises a deformabl e nedia. 8. The

el ectronic modul e of cl&i mBhe walectronict aogules ofir slaime S, s twhareinaytlve  fluid
conpri ses an epoxe/od1&¥seé's é)ﬂ%'toicg%aoc}‘ 1\Mi&hi n the cavity.

REPLACEMENT SHEET

0 1 SEP 1999

I
QFe 2% 4\-3



14

expandabl e pol ymer materi al ﬁpp’@'i&g@ sili
' ' al ogenat p

9. The el ectrd?‘ﬁcqu}\ﬂﬂ.— a)'.»"

froma.s group consi sting of ol y§
substituted- . pci)m oxane. g 10. ) of
s S . RLD INTELLECTUAL _PROPERTEY O

claim 5, wherein fluid °corrpr| s%aam?%,ﬂa o} )
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(57) Abstract

An electronic control module (10) includes a package substrate (12) having an interior cavity (28) through which a package lead (22)
traverses. The interior cavity (28) is filled with an expandable polymer material (34). The expandable polymer material (34) is constrained
within the cavity by a pressure resistive layer (32, 35) that overlies expandable polymer material (34). In one embodiment, an epoxy layer
(32) forms an upper surface of the interior cavity (28). The expandable polymer material (34) is responsive to a fiuid, such that upon
contact with a fluid diffusing along the package lead (22), the expandable polymer material (34) will swell and form a fluid-tight pressure
seal around the package lead (22). The fluid-tight pressure seal prevents the fluld from diffusing to interior portions of the electronic control

module (10) and causing the failurs of electronic components (18) mounted within the electronic module (10).




