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(57) Abstract
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ogy compatible electromagnetic o SEE
interference (EMI) gasket assem- 2 - T >~ e
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ductive gasket material, a solder- 7/
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port layer, and an adhesive or 4
other mechanical assembly for \\// ,,// /\/24 0
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fastening a conductive material to a conductive surface. 30

Al t hough the aforenmentioned manufacturing and installation technigues

ef fective in ¥OPO¥HTnst ances, shortcom ngs associ ated with thd: F0So0i03577
manuf acturing and installation techniques include: conplicated, cunbersoneg,
| abor -i ntensi ve and expensive automation equi pnent; and ineffective
adhesion to certain conductive surfaces. Additionally, logistic
conplications nay be 35 caused by mul tiple or even duplicative shipnents
of parts and materials for - 2- M di verse group of
veridors. Wiile discrete, additi onﬂ—m | ati on equi pnent is
general | y undesi r BYRFACE MGUNT -TECHNOLOGY COMPATISE BMI GASKETIANIY A( SMT)
nmachi nes are wel | - IfEMOD DR INSTALINGHN ENM SASKEN ON A GROUNIEFRACE] use in
the 5 el egtronics industry. For exanple, SMI nachines are widely utilized
by cellular phone manufacturers tEepPRYFIHE INVENRON rcuit boards (PCBs).
As is well understood by those skiTTed rn the art, SMI machines utilize a
vacuum head on the enbisinventinn generplecelaenta 9n inyrowed elecisomrgnretic pl ace

t ape- and-reel ke ese
10 © pads are usual?y pr@:@2Bgé(;ﬁnegd%}fﬁéﬂg%‘l‘lgﬁﬁ}%E{ggegﬁﬂé?ﬁgﬁqgg%ttohrou h
a sol der refl owEMigasketwdiichais compatible svith suRace apoint techselpgyinstallatierct i on) to
melt the soll derghgbﬁ%g. thereby form ng an electrical and nechani cal
connecti on. Pt to elimnate the use of EM gaskets,

SMT- conpati bl e "cans" were devel oped which are sinply formed or drawn
metal shields that can be 15 ., ace of a PCB, thereby
effectively form ng a Faraday =c&§ ; Fetrore, to elimnate

the gasket fromthe mEEMBgaﬁk@t?ie%Sconductwe mterface material which is used to
electrically connect an electrically conductive shield with a corresponding

15 section of an electrical ground, such as a ground trace of a printed circuit board

(PCB). Preferably, an EMI gasket should be highly electrically-conductive and
* conformal. Such a conductive interface material is required when mating

surfaces of an electronic apparatus are not exactly conformably dimensioned,

such that gaps are formed upon mating engagement of the mating surfaces.

20 These gaps permit undesirable internal and external electromagnetic
interference (EMI) which can cause the disruption of the electronic apparatus.

Presently, EMI gaskets are almost exclusively installed directly onto a
conductive surface. More particularly, present manufacturing techniques for
installing EMI gaskets include the following: dispensing a conductive paste or a

25 conductive liquid material directly onto a conductive surface and curing the
dispensed material in-situ; die-cutting a conductive sheet material having an
adhesive backer and then transferring, positioning and adhering the
dimensioned material directly to a conductive surface; or mechanically
fastening a c_:onductive material to a conductive surface.

30 Although the aforementioned manufacturing and installation techniques
are effective in certain instances, shortcomings associated with these
manufacturing and installation techniques include: complicated, cumbersome,
labor-intensive and expensive automation equipment; and ineffective adhesion
to certain conductive surfaces. Additionally, logistic complications may be

35 caused by multiple or even duplicative shipments of parts and materials for



Shortcom ngs associated wwth the use of soldered cans include: difficulty
in the re-work of a soldered can; inspection of conponents underneath: a

sol dered can wowmmsier@nel y difficult; and when |arge cans are dE@GTAEYY035{E
non-f | at ness of 20 the cans prevents prg@per solder joints fromform ng.
Al ternatively, netal spring-finger contacts may be enpl oyed which can be
SMr-fed; however, such netal spring-finger contacts provide only discrete

groundi ng poi ntﬁhé&&fﬁg%&@&i@é@eWW&egdmnd trace, and thus are
i neffective as operating freguencies continue.tq [i

. . se. 25 . T
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EM gasket i ns"{.ﬁ{&b@ﬁé af® b8 MtensVeS surfdcel Mot Redhpblogh RSMT) nabRinkd be

advant ageous to provide an I nprove EM gasket directed to overcom ng one
or nore of the aremelldmpwnshigkspeed machines whichaingvidgspreaduseinths| e

e hat oes S SRR e 2Ot BRI TSt o) obBaSg comar
art of EM gasksHoneegnufattuierscto populateprinted citiitdoards ((EBsdspect of the
present 1 nventy on i R CATRRORS Fike B0HFh s o UGN it
adher ed, nol dedvgeuumftidadah the end of aihighrspeedigantrg sysien te pisktanidqiade/tape-
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solder joints, thereby forming an electrical and mechanical connection.
Inan efforf to eliminate the use of EMI gaskets, SMT-compatible "cans"
were developed, which are simply formed or drawn metal shields that can be
15 soldered to a ground trace of a PCB, thereby effectivély forming a Faraday
Cage. This serves, therefore, to eliminate the gasket from the entire process.
Shortcomings associated with the use of soldered cans include: difficulty in the
re-work of a soldered can; inspection of components underneath a soldered
can be extremely difficult; and when large cans are desired, the non-flatness of
20  the cans prevents proper solder joints from forming.
Alternatively, metal spring-finger contacts may be employed which can
be SMT-fed; however, such metal spring-finger contacts provide only discrete
grounding points between a shield and PCB ground trace, and thus are
ineffective as operating frequencies continue to rise.
25 The foregoing illustrates limitations known to exist in present EMI
gaskets and EMI gasket installation methods. Thus, it is apparent that it would
be advantageous to provide an improved EMI gasket directed to overcoming
one or more of the limitations set forth above. Accordingly, a suitable
alternative is provided, including features more fully disclosed hereinafter.
30
SUMMARY OF THE INVENTION
The present invention advances the art of EMI gaskets beyond which is

known to date. In one aspect of the present invention, an SMT compatibie EMI
gasket is provided having a dimensioned, electrically conductive gasket



with solder. In an alternate enbodi nent of the invention, the electrically
conductive gasket material itself nay be solderable, elimnating the need
for the el ect MA¥W74conducti ve support material entirely. The %ﬂmé%??é?"
of the present invention is uniquely adapt3d to be 10 installed utilizing
a conventional tape-and-reel SMI conpatible system In such a system an
SMI' machi ne' s vacuum (or gripper) head picks and places an EM gasket
directly ont o anaedalmdhidhds atherad, maldedas affixeddanisimilasly dimgnsioned t r ace of a

PCB, which has been previ I reened .w S = DL an
appropriate nma ?cgfb'?@?’?{b& Ve%susp%ﬂg%%gﬂévr%ﬁ@gﬁéﬂﬁgé%%gwgéwbondl ng the
'EMd_ 1_5d lgi'iS k etcohaudtine g$kwp1tten’8h§?ﬁtﬂe ﬁeeﬁe?"mﬂ.l UEﬁV,e sftmpgh:maé’ﬁél%\‘ed

i ndi vidual ly, of in conination w ot her si ar gaskets qr

addi 11 onal - xssShRoRRLn SRR RPatacing Ften iR lRadchater Shepiectioly

el ectrically C%ﬁasatwauﬁpﬁmhtemnerdralmaef%ggpé fHat efedtvelyfoiAs aByngui t abl e
electrically conductive material, such as -SH ELD brand EM 20  gasket
material, type vibswiderclispaltespatesmimsliment ofdhe iyeationoths eleetiicglly t he neans
for affixing ! Nenghéih Ghof MatGilIbEH ib§ AARIRrabiB! Siifhtgtnb ARed yhiPO! |

| ayer conprises a condUctive or non-conguctl ve adhesi ve. e support |ayer
can be fabri catthelelectinallyopondudtiveisupperd miderialleptingiyt. eri al . Sol der paste may

al so be provided O%Uﬁ\"'s%%ﬁ%ﬁ”%ﬁgﬁ?mﬁv t{oﬂ% Hﬂgg&geag?gﬁe#&gﬁ?nt of the

support 25 | ayer 10 an _ erest, suc ace, during
sol der refimow dpstalediuilizing & cooventionalddperand-reél SNIE cpmpatibiie systeantinon, t he
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net al conposi t ianEMSyeskef dirsetly pnto2ground lovatios, sucH iaseibeationcores geduab| e
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gaseous mat er i alppropriatenanufactuingstep) theadlder is reflowed thereby bonding the EMI
15 gasket to the ground. The EMI gasket assembly may be employed individually,
or in combination with other similar EMI gaskets or additional assemblies, to
form a suitable conductive interface.
The electrically conductive gasket material can be fabricated from any
suitable electrically conductive material, such as GORE-SHIELD® brand EMI
20  gasket material, type GS500, GS3000 or GS5200, for example. Preferably, the
means for affixing the electrically conductive gasket material to the support
layer comprises a conductive or non-conductive adhesive. The support layer
can be fabricated from any suitable solderable material. Solder paste may also
be provided on the support layer for effecting the securement of the support
25 layer to an object of interest, such as a ground trace, during solder reflow
operations.
in one embodiment of the present invention, the electrically conductive
gasket material is fabricated from an expandable particulate blended into a
polytetrafiuoroethylene (PTFE) and conductive metal composition. Specifically,
30 in one embodiment, the expandable particulate comprises a polymeric shel!
having a central core comprised of a fluid material. The central core can
include a liquid material or a gaseous material. The polymeric shell has
copolymers selected from a group consisting of: viny! chloride and vinylidene
chloride; vinyl chloride and acrylonitrile; vinylidene chloride and acrylonitrile;



copolynmers selected froma group consisting of: vinyl chloride and
vinyl i dene chloride; vinyl chloride and acrylonitrile; vinylidene chloride
and acryl oni tyblogs1074 -4- nethacrylonitrile and acrylonitril e, PARWS3%93sEhe
and acrylonitrile. In another enbodi nent .4t he expandabl e particul ate
conpri ses unexpanded m crospheres containing a blow ng agent, wherein the
bl owi ng agent conprises 5 to 30 percent by weight of the m crosphere, and

is sel ected fromidaddyIOnRilc RE&yloR e, and¥tyreRé Bﬁaacryﬁmmeenﬁanahepane
but ane; isobutane; isopentane; neopentane;” acetylene; hexane; and heptane.

Al'ternativel y, emhedimentithg %B@ﬂab@ﬁmmtﬁéémﬂﬂﬁﬁiquéam@@é‘?%ﬁ?shav| ng
a number aver agg apief, %W%d@ﬂ& We{éﬁ tﬂéaﬁta\rwéaargeﬂf‘go ﬁ%&'d f0%oPOi Nt at
ut ange or be

at nospheri c pressure eratur | ow t he range of
t he softening percentbjweight ofthe nwespfwre.rar‘dlls sélected fmmagmumlsastlnghel | .

Gaskor mat o 1 a0t S Strleiie; BrabARE: R esUbel SBofiERd: resBpnting T ' Y
; (ralgdlr:n ctC lr \égpﬁg : taicétylenbcheXahefand leptdri. fmrarmametyaﬁfeeblowlihg fagent can mluqimwder

the mixture 15%ﬁph§'°rﬁya'a§a\9q9n§?|8w§g grﬁnﬁ%\ggsé@gé éj% "{’%9"3 (9? @t) ically,

per cent CondUCtZBVEnd)@bblhEglbaﬁwﬁatéimb@pﬂéilc\ﬁi’ésﬁme BSoLt 2He séﬁlélté?ﬁﬁérﬁfuﬁé and 5
to 70 volune percent PTFE, and preferably in proportions of 6Q val une

percent conductange ¢rhelow thesange Bft%lseﬂ%"“&%‘éh? the eesiRgusdratenalRithe, vol une
percent PTRE. '[Jaﬁj,ﬁérﬁc‘shgncal |y conductive particulate can be selected from
a group consisting of: 20 net al powder; netal bead; netal fiber; and

metal flake. Alter h’&ﬁﬂ%ﬁ&emb%mémélfﬂﬁ‘? peasent ipvention: the@leskically ul at e can be
sel ected from gohg e St Mdt&hhl & fabricated from a mixture comprising: electrically

conductive particulate; PTFE, in the form of paste, dispersion or powder; and
microspheres, in the form of a dry powder or solution. Specifically, the mixture

15 is mixed in proportions of at least 20 to 90 volume percent conductive
particulate, 3 to 156 volbme percent microspheres, and 5 to 70 volume percent
PTFE, and preferably in proportions of 60 volume percent conductive
particulate, 6 volume percent microspheres and 34 volume percent PTFE. The
electrically conductive particulate can be selected from a group consisting of:

20 metal powder; metal bead; metal fiber; and metal flake. Alternatively, the
electrically conductive particulate can be selected from a group consisting of:
metal coated metals; metal coated ceramics; metal coated glass bubbles; metal
coated glass beads; and metal coated mica flakes.

In another embodiment of the present invention, the electrically

25 conductive gasket material is fabricated from a polytetrafiuoroethylene (PTFE)
article having an elastomer material and electrically conductive particies
intermixed therein.

In another embodiment of the present invention, a method of installing an

electromagnetic interference (EMI) gasket assembly on an electrically

30  conductive object of interest is disclosed, wherein the EMI gasket assembly is
of the type comprising an electrically conductive gasket, an electrically
conductive solderable support layer, and a means for affixing the electrically
conductive gasket to the support layer. The method comprises the steps of:
(a) feeding a plurality of EM| gasket assemblies to a su_'rface mount technology



nmetal coated netals; nmetal coated ceram cs; netal coated gl ass lﬁubbl es;
netal coated gl ass beads; and nmetal coated mica flakes. |In another

enbodi ment of %\t’(h@/%iﬂ'@sent invention, the electrically 25  condB&T{UAE9/03577
gasket material is fabricated froma pol yt-8t r af | uor oet hyl ene (PTFE) article
havi ng an el astomer material and electrically conductive particles

i nterm xed therein. In another enbodi nent of the present invention, a

met hod of i nst a{SMT)gnaching; (k) pickingup aiselectedEMt gaskst a@ﬁmblyg\émlaamma‘enbl y

The BN gasket -riehgs beRtLAIHE (M) GBbARE, B dsPhgng e rdefl Efigpset e ©' "
conduct i ve gasksdsembly mteetcrondad:ﬂv; susface having assdldermadtehal digpesed | ayer, and

a nmeans for aff|X|n t he el aII con ctlv sket to the support
| ayer. The net hiyared Prfﬁ%"seegﬁ? ﬂ?ﬁs a%')mﬁ ng a plurality of EM

gasket assegblies tjg aihoﬁ'lérrfeﬁ'%dmhlfof i@ﬂ@@éﬂgﬁvennon% sérebfl briftaslal ne;  (b)

pi cking up a selected EM gasket assenbl a_vacuum or gripper head of

the (SMT) machi ¢rductive aghesive; siehiasERQt Ea1wr°gaﬁm BABOY;: laRit 0 a
conducti ve surf gfe ik willséiva 8 BtdcH b SubBort HyepOPE ENIFsaREL WPy e (<)

reflowi ng the sol mat eri a
present i nvent i @asketitself) tocthe RGEhground tl@oadﬂhelawealﬁmuwwesﬂje Isolder, B8O TEK

o e FAREA A a4 8ol sy S sl "
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case. the neeq PN ERH Ao b EyaRoRenat e, which has
In another embodiment of the present invention, a method of installing an
EMI gasket directly on an electrically conductive object of interest is disclosed,
wherein the EMI gasket is of the type that can be directly soldered to, without a
15 solderable support layer. The method comprises the steps of: (a) feeding a
* plurality of EMI gasket assemblies to a surface mount technology (SMT)
machine; (b) picking up a selected EMI gasket assembly with a vacuum or
gripper head of the (SMT) machine; (c) disposing the selected EMI gasket
assembly onto a conductive surface having a solder material disposed
20 therebetween; and (d) reflowing the solder materiat. |
In another embodiment of the present invention, a method of installing an
EMI gasket directly on an electrically conductive object of interest is disclosed,
without using soider (and with or without a support layer). The method
comprises the steps of: (a) feeding a plurality of EMI gaskets or gasket
25 assemblies to a surface mount technology (SMT) machine; (b) picking up a
selected EMI gasket or gasket assembly with a vacuum or gripper head of the
(SMT) machine; (c) disposing the selected EMI gasket or gasket assembly onto
a conductive surface having an adhesive material disposed therebetween; and
(d) curing the adhesive material. '
30 Accordingly, a purpose of the present invention is to provide an EMI -
gasket assembly which can be installed with a standard SMT machine.
Another purpose of the present invention is to eliminate the need for
specialized EM! gasket installation equipment.
Another purpose of the present invention is to provide a method of



certain potential environmental advantages. |n another enbodi nent of the
present ‘invention, a nmethod of installing an EM gasket directly on an

el ectrically wowrsteidve obj ect of interest is disclosed, whereBCTHYRIMORA77
gasket is of the type that can be directlyg.soldered to, without a 15

sol derabl e support |ayer. The nethod conprises the steps of: (a) feeding a
plurality of EM gasket assenblies to a surface nount technol ogy (SM)

machi ne; (b) piiﬁéfﬁmsg ERl §asi@tonhien isEihpRasigaihias peris)rapidt EMPgasketium or
gripper head of the (SMI) machine; (c) disposing the selected EM gasket
assenbly onto #lesignehangsse surface having a solder material disposed 20

t her ebet ween; and ¢ ] ' Aol di ment
of the present invevrif.%t féﬁé‘hgmr@%%?qg?%%% %W‘%’ﬁ%hg%t°5+\hﬁ“’g§%§§§h§?€§t ly on
an el ectri cal | ysoldenethicarisiie thendesign arfd maoufactute ofelefitronicdayviteswi t hout usi ng
solder (and with or without a support layer). The nethod conprises the

steps of: (5a) feeding a plurality of EM gaskets or gasket 25 assenbl i es

to a surface nmount technol GRIEFDESCRIRTIONOF THE DRAWINGSUp a sel ected EM

gasket or gasket asgenbly with a vacuumor gripper. head.of .the. (.SMI

machi ne; (c) di spogﬁﬁggﬁ\é@"geﬁuwa&ﬂ' q:q\»relggg&@tfglngﬁgggtg{le%ggmﬁ?n 8?1?0 a

conductive surfrefmaaenibddierd ShhdliMentioh avill bk bétteneiieistobe wbeatre®ein, and

(d) curing the- adhesive material. 30 ccordlﬁ%qu, aa%urpose of the
of Ypsteat

present i nvent i AIUNGtIQTWItH Higi appeadedaipwingsk &or RupS ngdhe pe
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Invention 1s to elimnate the need for specialized EM qasket I nst'al | ati on
i

equi pnent . AnotRreferedr Heheulgibe yndepstead: howeyerethat e inentign is aol limited taet hod
of the precise arrangement and instrumentality shown. in the drawings:

FIG. 1 is an enlarged side elevational view of an EMI gasket assembly of
the present invention;

15 FIG. 1A is an even further enlarged side elevational view of the EMI
 gasket assembly illustrated in FIG. 1 with its component parts partially
exploded; _

FIG. 1B is a front elevational view of the EMI gasket assembily illustrated
in FIG. 1A; '

20 FIGS. 2-5 illustrate front elevational views of EMI gasket assemblies
having various shapes;

FIG. 6 is a perspective view of an EMI gasket assembly of the present
invention;

FIG. 7 is a perspective view of the EMI gasket assembly illustrated in

25 FIG. 6 installed onto a ground trace of a printed circuit board (PCB);

FIG. 8 is a perspective view of a tape and reel assembly used to feed
EMI gasket assemblies into a surface mount technology (SMT) machine (not
shown);

FIG. 9 is an elevational view of a vacuum head of an SMT machine

30  supporting an EMI gasket assembly ready for installation;

FIG. 10-12 illustrate alternate embodiments of the present invention in
which a support layer of the EMI gasket assembly is extended to form a pair of
spring-like fingers; and

FIG. 13 is a perspective view of a set of five EMI gasket assemblies of



-6- installing EM gaskets which is sinple and which permts rapid EM

- gasket desi gn changes. Yet anot her purpose of the present invent t59
el i m nate thew®®¥SWs sol dered cans in the design and nanuf actﬁ#%ﬁkmz' 7
el ectronic devices. 5 BRI EF DESCRI PTI ON OF-THE DRAW NGS The f or egoi ng
summary, as well as the follow ng detail ed description of a preferred
enbodi ment of the invention, will be better understood when read in

conj unction wi tthe plesentipeentied. dr awi ngs. For purposes of illustrating the 10
i nvention, there Is shown in the drawi ngs enbodi ments which are presently
preferred. It should be understood, however, that the invention is not

limted to the precise ar Pmummman|mgmm In the
drawings: FIG 1 is_an en arged si.de ,el evatiqnal .view of an EM_, gasket
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assenbly of t hebqio\e,stbaEergashetlasaemblU(ZO can Iae installed wﬁbtalatmdar«éwmcet he EM
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reel assembby ugastetinstatatibn equipment.

FIG. 1A shows an enlarged side view of the EMI gasket assembly 20,
reflecting a preferred embodiment of the invention. Specifically, the EMI gasket
assembly 20 comprises an electrically conductive gasket material 22, an
electrically conductive solderable support layer 24, means (adhesive 26) for

15 affixing the electrically conductive gasket material 22 to the support layer 24,
and a solder layer 28 which secures the entire assembly to a conductive
surface, such as a ground trace 30 of a PCB 32 (see FIGS. 1 and 7 which
illustrate PCB 32). One type of electrically conductive gasket material which

- may be particularly suited for use with the present invention is GORE-SHIELD®

20 brand EMI gasket material type GS500, GS3000 or GS5200, available from W.
L. Gore & Associates, Inc. of Newark, Delaware. Other suitable electrically
conductive gasket materials will be described in greater detail below.

As the term is used herein “soiderable” shall mean capable of fusing,
joining, or metaliurgically bonding with solder to form an electrically conductive

25 joint, connection or interface.

' The electrically conductive gasket material 22 may be rectangular in
cross section (from the side) as shown; however, it may aiso be round, oval,
pointed, curled, etc. Such other cross sections of the gasket 22 are illustrated
in FIGS. 2-5, wherein FIG. 2 illustrates a rectangular cross section, FIG. 3 a

30 triangular cross section, FIG. 4 a curved or crescent-shaped cross-section and
FIG. 5 a half-rounded- and half-rectangular-shaped cross section. Sometimes,
the electrically conductive gésket shape is deliberately formed to achieve a
desired result, such as to decrease the required force to compress the EMI
gasket material with a shield (not shown). This allows for smaller screws or



EM gasket assenblies into a surface nount technol ogy (SMI) machi ne (not
shown); FIG 9 is an elevational view of a vacuum head of an SMI machi ne 30
supporting anvdbosiesket assermbly ready for installation; FlIG PQI/Y39903577
illustrate alternate enbodi nents of the p#esent invention in which a
support |ayer of the EM gasket assenbly is extended to forma pair of .
spring-like fingers; and FIG 13 is a perspective view of a set of five EM
gasket assenbl i ggendnaps to fastehliite phieidesthe PEBIB2, on. DETAI LED DESCRI PTI ON OF

THE | NVENTI ON Referring now to the draw ngs, erei.n simlar reference
characters 5 desi Eﬁﬁ?g‘@d EB-PF’@%W@PK%"%H%@S_ Wr%@ﬂ?ﬂn@fa{%’ ﬁ%p%"é&@y%ﬂ é]{l ews,
there is gener ai&%ﬂeiew&rfééﬁfébrﬂ%%tﬁ@ da?kéléﬁeﬁ&,zzkﬁclada b%BaMd!'liﬁ*ﬂbﬂi&F[ﬁgnet ic

interference (EM) gasket “asse y of the present invention. As w be

di scussed in green-eendystivs adhssive.glectricalizponductive adbesive:Mqiding &ran be
i nstall ed wgth Fhe%ﬁ%ﬁ O%aﬁg’rgﬁﬁgs%gﬁmybpgemﬁ@i 2, thereby

elimnating™the nee r specraliz _ gasket Installation
equi pnent. FI G 1A bliostances where thpaatihesive 26iie empioyethcarynauitable laghesive enbl vy

EM gasket asschppessel Aty i the leckléan Uikt heskBERReER b0, 7
22, an el ectri ctie suppor thyet 24,easdongiay abblecsicplath isl maiatairdd thersbetveendhesi ve
support i ayer 2 O EEOSBRHeR e kg SRR S bre SR s B o
to a conduqbi Veacrylic adhesive may be used. This adhesive is laminated to the gasket in
transfer-roll form, but it may be directly applied to the gasket, or applied in
some other form. In fact, the adhesive itself is not necessary for affixing the
gasket to the support layer. The invention only requires some means to
electrically and mechanically connect the gasket to the support layer. An
15 electrically-conductive, pressure-sensitive adhesive is one exemplary way of
achieving this attachment; however, the adhesive could also be thermoset,
thermoplastic, etc. Also, the adhesive might not need to be electrically-
conductive if the support layer 24 can be made to mechanically touch the
gasket 22 in some areas to keep an electrical path along a z-axis “A”. (FIGS.
20 1-3.) Additionally, the electrically conductive gasket material 22 could be
directly molded to the support material or mechanically fastened in some other
manner (such as with support barbs, etc.), thus eliminating the need for an
adhesive 26 altogether. Whatever the case, the fastening means must be able
to withstand solder reflow temperatures and retain its mechanical and electrical
25 properties.
The support layer 24 should impart sufficient stiffness to the electrically
conductive gasket material 22 to permit the assembly to be effectively
processed with SMT machines. Thus, the support layer 24 may be made of a
variety of different materials, such as plastic or metal; however if it is plastic, it
30 must be plated with a solderable metal such as copper, nickel, gold, silver, tin,
etc. If the support layer 24 is metal, it should be easily solderable, or plated
with a similar metal such as described above. Gold, nickel and tin are
preferred plating materials, and are used extensively in the industry. Also, the
support layer 24 may be any thickness, especially if it is desired to fill an



surface, such as a ground trace 30 of a PCB 32 (see FIGS. 1 and 7 which
Illustrate PCB 32). One type of electrically conductive gasket rpi.h%

whi ch nmay be MP%’E&W%‘H y suited for use with the present invention %92}03577
GORE- SHI ELD 20 brand EM gasket materi al-St ype GS500, GS3000 or GS5200,
available fromW L. Gore & Associates, Inc. of Newark, Del aware. O her

sui.table electrically conductive gasket nmaterials will be described in
greater detail ®dstinggapdnariesion: mhus, theaaskel22 thickaessieanbe keptdaal | nean

e P ol Ty e b i B e HupboR RS) 24 thibkbeg e Aoy to form

an el ectricall y conductrve , ‘connection’or interface. The
el ectrical |l y coachonmodate diffecent designs.aAlsp2thespppert layer 24 gioka not need tos s

section (fromthe _side : ' r val.,

poi nted, curl edlt;Ie & a."@l??ﬁp %@%ggegﬁbg‘\gégggyﬁ %%QP gftﬁ% ﬁ%ﬁ 8’%& I?g#‘qgid grr%‘lt

i1l ustratedsi n frbS shidebmetdlanatenal FIFor exarple)thiersuibpert fayee 24 ag beanoldeds s
section, FIG 3 a 3 tr,izin ul ar cr fs section, FI 4 a urve?l or

cr escent - shaped™& %g"?P%%Q!‘?? éﬂaﬁﬁd’aﬁ%°9§a'ﬁ' ‘F\t_81' Q-eP%"LR?'a% Hpo'éﬁ'ﬁ_ application.

hal f - r ect angul aywnafsver thafidrith thesQippoilayeP2ds fabrigatet fions liemlist LerdBI¥ to
conductive gasket shape is deliberately formed to achieve a desired result,

such as to decrwihstandgolderrgflowdemperaliire® conpress the EM gasket nateri al
with a shield (not ' I 2 -8- even
P €t o 1y 8 s 20

snaps to fasten the to the P . be not hat suitable

means for aPfi xtonjemplated by thednstantigeantion. Fi5:hshewsa tyniealPGB 32 withct i ve

S neet ™ o ot SR 2 b 5 b Tocafs BRE W
means, such as 30.b@he assamblp 2P indimansioned @as showpdor illustration purposes only,
accordingly assembly 20 can readily be made wider, thicker, longer, thinner,
etc., depending upon an application. In the case shown in FIG. 7, the
15 assemblies 20 are hypothetically shown to be installed strategically in desired
locations. _
Referring now to FIGS. 8 and 9, FIG. 8 shows a typical section of tape
and reel 36, used to feed the EMI gasket assembly 20 into an SMT machine.
The assemblies 20 are received in pockets 38, which are positioned to allow a
20 vacuum head 40 (FIG. 9) of an SMT machine (not shown) to easily and
precfsely access and pick up the assemblies 20 from their respective pockets
38 for placement. This process is illustrated in FIG. 9, which reveals a cutaway
view of the vacuum head 40 on the SMT machine, holding a gasket assembly
20 ready for installation. The ground trace 30, in FIG. 9, has aiready been
25 prepared with a screened pattern of solder paste 28, to mate with the support
layer 24 of the assembly 20. Once assembly 20 is deposited on ground trace
30, the solder is reflowed by any suitable means, such as a solder reflow oven,
for example.
FIGS. 10-12 reveal a pair of alternate embodiments of the present
30  invention. As shown therein, support layer 24 is extended to act as a spring-
like finger 42, which gives an improved metal-to-metal configuration. This extra
contact of the support layer 24 provides lower resistance for the entire
assembly 20 than without it, since the metal or plating typically have better
conductivity than the electrically conductive gasket 22 material. Used in this



In instances where the adhesive 26 is enployed, any suitabl e adhesive may
be used to attach or affix the electrically conductive gasket material 22
to the supporwolb§m7424, as long as an electrical path is nai ntBGTI{ERP/03577
t herebetween. I n one enbodinent, a particli@ filled electrically-conductive
pressure-sensitive 10 acrylic adhesive may be used. This adhesive is

| am nated to the gasket in transfer-roll form but it nay be directly

appl i ed to thecgrfufitionpthesassbmdly Zmlsm’toogﬂ?tehnﬁroveﬂ pérforimante ovéranadhesi ve
itself is not necessar for affjxing the gasket to e support The

i nventi on onl ya$s&amR Lﬂé 9%31?&5%@8@ é@?‘ﬁ ‘?M"P{jﬂ'rﬁ %ﬁg‘ﬁﬁm@gﬁ?ﬂtconnect
the gasket to e, %upwwséﬁxi%f sﬁihglfﬁxger@hz%rdbe@béwatctn@éneé iwkile the
pressure-sensitive adhesive i s one ex achi evi n% this

attachment ; hoﬂ%‘@éﬁmhoﬁ@‘%ml@ﬂ%ﬁ?ée%tﬁ\ﬁ'&p%ﬂé@T!S*e a)lﬁ%\ﬁ?lﬁs%ﬁmgle oRbie akt i c,
etc. Al so, 5t hey éanﬁhg%n%f@gktﬂﬁ?gnﬁlﬁr 'Pc?trﬁ SHelslitdsfrated in FREGUG-hye i1 f

t he supporft Iayer mechani cal ly touch the gasket 22 in
sone areas to h@mﬂaarmrﬁemplam path along a z-axis "A". (FIGS. 20 1-3.)

Addi ti 1y, th | egtri

i rect |y ol ded ¢ o raRVCGh IR EnRRE S e oY v Bt Bhs e te bt o VARG

?t her magﬂer . (ﬂ\iatn% af?W$f?] ﬂummbm:ﬁm b'ﬁ'ns ebnﬁgjraﬁcinlr{nlght berusexd foropnibat nee;:l
or an adhesiv alto er. V, e, case e ans mus
b able s o e t fefionih & Bidion Shisid Wi Ehes B nol BRay fim iR S balial . T
and el ect rigcal hdhsing Ristéfhd ioeationsheT Iﬁslaéwgivehm;amVeaﬁeﬁbmdrd:elovaaabet of

sufficient Stlff ess to e electr conductive gasket material 22 to
pernit the ass@ %;aFﬁe'Bé ‘?’@:FPU@?@ rﬂ¥ KOeS88%d with SMI machi nes. Thus,

the support |ayer %mab@rémé&vefa@y@fabﬁmeahcd fdontiaetiverrhaterialahdy such
as plastic or netal; however if it |50{Mast| st be plated wth

a sol derabl e mbeaised itheonstsyetion of @n T°°§tﬂaﬂb'e§“?\,@5ke't?%'" qeeerdanee ¢ e
support layer 4dhithe P@Hcﬁings'&ftﬁ’é%ké’ntbﬁ:é?ﬁéh' Yhé%ﬂﬁﬂﬁﬁérﬂs oPéuibfRf ed with a

simlar netal such as descri bed above. Gold, nickel and tin are
15 conductlve gasket material provided hereinbelow are provided for purposes of

illustration only, and are not intended to limit the scope of the present invention.

ELECTRICALLY CONDUCTIVE GASKET MATERIALS
A first suitable electrically conductive gasket material 22 may be

20 fabricated from an electrically conductive polymer matrix of the type described
in detail in United States Patent No. 5,431,571, and which is incorporated
herein by reference.

A second suitable electrically conductive gasket material 22 may be
fabricated from an electrically conductive gasket material of the type described

25 in detail in United States Patent No. 5,286,568, and which is incorporated
herein by reference.

A third suitable electrically conductive gasket material 22 may be
fabricated from material of the type described in detail in United States Patent
No. 5,604,026, and which is incorporated herein by reference.

30 A fourth suitable electrically conductive gasket material 22 may be an
electrically conductive polytetrafluoroethylene (PTFE) article which has an
expandable particulate blerided into a PTFE and conductive metal composition.

Specifically, the expandable particulate exhibits intumescence upon application
of heat. The expandable particulate is not homogeneous, i.e., it is not a



preferred plating materials, and are used extensively in the industry.

Al so, the support |ayer 24 may be any thickness, especially if it_is
desired to fP\eﬂo%‘ﬁlo“ -9- existing gap in a design. Thus, the gASKESIYPSTI
t hi ckness can be kept to a standard thickildss, while nodifying the support
| ayer 24 thickness to accommpdate different designs. Also, the support

| ayer 24 does not need to be rectangular in cross-section, as would occur
if the part wagpolymericdgad; butirather composesa phiyaterigishel haviog aicentralore

e al| ol ogram Brreed 8t &R, % TREFhardkBnl SR Bl (S (e
support |ayer Z2fimensiéridosfitherpardabla particulatetindreasdbupon beatinglat baspdcifiol der

reflow tenperatures. FIG 6 illustrates an exanple of an EM gasket
assenbly 20 10 eMPEAEEY| ated by the instant invention. FIG 7 shows a

typical PCR 32, w tﬂkﬁﬁdﬂléhowg&?nﬁﬁﬁ%ﬁ'ﬁlduﬁie wRichns LisefuBifclalies/Mbs&us
| ocati ons on ground traces 30. The assenbl I s di mensi oned as shown for

20
i | lustration pungedals camplisedelapelymgric sﬁ@i@%?@@“@iﬁeﬂ%aﬁ? othebe nade

wi der, thicker mét@ﬁ&leéithér'ﬂitnﬁg%g gaé‘é&usz n%?ﬁféi’ér%ﬂly%ﬂ‘uﬁ@é‘tl% R tieﬁ@}efé?@re In

the case shown in FIG 7, ] _assenbl 'es 20°are hypot het | y shown
to be instal | edn whichithe pelimeyicishelllis®ssentiallydingdliuble.. Atigtidraoreis now to FI GS.

ot g B MARRL vRORR8 Fbid BeEa b U5 Lo
recei ved i10 poolobtse &ian_gefn'f&ﬂle core materiali atrikelexpansidndempeture. \Focaum head 40
(FLe ) on 2 e EG bl o Ui R et beipoitiee o
from the general gas laws. However, expandable particulate comprising a
liquid core material offers the opportunity to provide much larger volume
changes, especially in those cases where a phase change takes place (i.e., the
15 liquid volatilizes at or near the expansion temperature).
Preferred expandable polymeric particulate (also called microspheres,
microballoons, and microbubbles) can have shells comprising copolymers such
as vinyl chioride and vinylidene chloride, copolymers of vinyl chioride and
acrylonitrile, copolymers of vinylidene chioride and acrylonitrile, copolymers of
20 methacrylonitrile and acrylonitrile, and copolymers of styrene and acrylonitrile.
Further materials worth mentioning are copolymers of methyl methacrylate
containing up to about two percent by weight of sfyrene. copolymers of methyl
methacrylate and up to about 50 percent by weight of ethyl methacrylate, and
copolymers of methyl methacrylate and up to about 70 percent by weight of
25 orthochlorostyrene. The unexpanded microspheres contain fluid, preferably
volatile liquid, i.e., a blowing agent, which is conventional for microspheres of
the type described here. Suitably, the blowing agent is 5 percent to 30 percent
by weight of the microsphere. The microspheres can be added in different
manners, as dried particles, wet cakes, or in a suspension, e.g., in an alcohol
30 such as isopropanol.
Unexpanded particulate desirably is in the size range of from about 0.1
micrometer to about 600 micrometers, preferably from 0.5 micrometer to 200
micrometers, and most preferably from 1 micrometer to 100 micrometers.
Expanded particulate can have a size in the range of from about 0.12



38 for placenent. This process is illustrated in FIG 9, which reveals a
cutaway view of the vacuum head 40 on the SMI nmachi ne, hol ding a gasket
assenbly 20 mamebysidet installation. The ground trace 30, in FI E{:Tg’”?f%”
al ready been 25 prepared with a screend@-pattern of sol der paste 28, to
mate with the support |ayer 24 of the assenbly 20. Once assenbly 20 is
deposited on ground trace 30, the solder is reflowed by any suitabl e neans,
such as a sol deicrométents 100OMicfametersa preferablyl iEin 1ifiicidnetern800a pair of

al ternate enbodj nents of, t he present, 30 ti shown. therein,
support |ayer D&MQracters, é‘?‘éﬁ!&xgansé%q “a%"%!“‘s\&r?fﬁﬁe emqagAﬁllerP&él}cu > whi ch

gi ves an i npr qu&dases By a Factordfat leaend Bpre?ér‘aBly by Efadtor of aEleast’s, aad of the
support layer 24 provides |ower resistance for the entire assenbly 20 than

without it, sifegt rreferakly By adacton ofiatinast JBi and may guen b as high asm AT vity
t han t he egect fl%@h{ Yogonductive gasket 22 material. Used in this -10-
configuration, e assenbly 20 is able to give inproved performance over an
assenbly without t$utable mr@sniilee&ﬁare comnoercially ava "ﬂglerfrgni‘@bel Industdes)odi ment

(FIG 10) sho the ends, while
t he ot her enbo |rren?4’§" ?'I("tfg 8‘-&%@4}%?@@@@5@%\/%35 a si ngl e
finger 42 at Etnxcrasphemlay be thmedamafvaylet)aoﬁmas agdrfoimas, with expansioe s
illustrated in FlGS. 12 are furth st | shows
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conbi nati of. Thicfospherd B an initial verbge aamaadoﬂgatocnnmm'orﬁétemmam a matl ng
shield, which tends to bow

fro ePCB32 be ousi ng
fast eni ng | oc AYEHS emﬂngeegf? Ve"{%ﬁP r%%plg Q‘“zt of

Industries, the microspheres have an unexpanded true density of 1250-1300
kg/m?, and an expanded density below 20 kg/m®.
It should be understood that the use of the term "energy expandable

15 . particulate" herein is intended to encompass any hollow resilient container filled

with volatile fiuid which is adapted to expand. Although presently available
microspheres are essentially ball-shaped particles adapted to expand when
exposed to an energy source, it should be understood that such microspheres
are quite resilient in their expanded form and can be compressed and released

20 (e.g., through extrusion) to achieve the expansion required for the present
invention. Additionally, it may be possible to form such products in a variety of
other shapes, such as tubes, ellipsoids, cubes, particles, etc. As such, the
term "energy expandable particulate" is intended to include all applicable forms
and uses of these products now known or later developed.

25 A wide variety of blowing or raising agents may be enclosed within the
polymeric shell of the expandable microspheres. They can be volatile fluid-
forming agents such as aliphatic hydrocarbons including ethane, ethylene,
propane, butane, isobutane, isopentane, neopentane, acetylene, hexane,
heptane, or mixtures of one or more such aliphatic hydrocarbons, preferably

30 having a number average molecular weight of at least 26, and a boiling point at
atmospheric pressure about the same temperature range or below the range of
the softening point of the resinous material of the polymeric shell when
saturated with the particular blowing agent utilized.



gasket assenblies with identical thicknesses. As stated herei nabove, any
suitable electrically conductive material may be used in the construction
of an SMI cor¥a®PBI®4EM gasket 20 in accordance with the teachPQEYSTYOFHe
present invention. The enbodi ments of sui-#3ble 15 conductive gasket

mat eri al provided herei nbel ow are provided for purposes of illustration
only, and are not intended to limt the scope of the present invention.
ELECTRI CALLY CONDUEXPANCEASKype OBTER) migospheres may ket emyployes. cthis prosdukct/

conduct i ve pol oHbPoR ] Gr-ufite BB polfiaerdut s PHSR RGPS T RN ot 2
Pat ent No. 5, 480 niictémeters. Wheahell of these microsplestes eomprisdgcrylehigilence. A

d i tabl | i cgl )y .conduct i) k terial 22 may be
Fabr cat e | r NSRRI VORUR VRGO ESFATERs BORERERET mat orial Of i he type

described 85 in ﬁabeibbehmomthapbﬁﬁﬁﬁqala?prapaHmonﬁ,fERﬁAmL@nd whi ch
r

I's incorporated _herein by reference. A thi suitable electrically _
conducti ve gasWiSrOsRieERs With azispeysign of BEFFcart similar Ralymen apd thendieating t ype
described in bbulti \ i il Ssbnioh i which is

I ncor por at ed gtgireg'lle%‘ul%@b %@éﬂ%@é%ﬁg‘)ﬁ%‘% l%Q}eé;?l}’rt h snw%t 6'1% egeel ectrically
conduct i ve gastigensionste arhigye afibrillated PFTEEIwalriXcal | y conducti ve

Dl ended (nto a PTRD SRaridhls ifhis Ghbodehl <18 o tHaRAITRnRREY brlL " ©
expandabl @0 par eleclicalyecanductive: particulatep BTEEC in the formugipaste; dispersidn dreat . The
expandabl e par {464l AL8Sq hiicrBSpndIOTIN GRS of a &y poiwtief 5r SRitioR. is mixad in
proportions of at least 20 to 90 volume percent conductive particulate, 3 to 15
volume percent EXPANCEL® microspheres, and § to 70 volume percent
PTFE, with proportions of 60 volume percent conductive particulate, 6 volume
15 percent EXPANCEL® microspheres and 34 volume percent PTFE being
preferred in an embodiment comprising at least in part electrically conductive
flakes. Mixture may occur by any suitable means, including dry blending of
powders, wet blending, co-coagulation of aqueous dispersions and slurry filler,
high shear mixing, etc. As the term is used herein, "volume percent” shall
20 mean a percentage of the volume of the precursor material.

Electrically conductive particulate enmeshed within the resulting PTFE
precursor material is the major componént thereof. The electrically conductive
particulate may include, but is not limited to, metal powder, metal bead, metal
fiber, or metal flake, or it can be a metal coated particulate such as metal

25 coated metals, metal coated ceramics, metal coated glass bubbles, metal
coated glass beads, or metal coated mica flakes. Preferred conductive metals
in particulate form include, but are not limited to silver, nickel, aluminum,
copper, stainless steel, graphite, carbon, gold, or platinum, for example.
Preferred metal coatings include silver, nickel, copper, or golid. Additionally, a

30 combination of two or more condpctive'particulates can be used. Average size
of the conductive flakes can be from about 1Em to about 2008m, preferably
from about 12m to about 100Em, and most preferably from about 20=2m to
about 40Bm. Average size for conductive powders can be from about 0.58m
to about 200=m, preferably from about 0.5Em to about 100Em, and most



pol ynmeric bead, but rather conprises a polyneric shell having a central
core conprised of a fluid material. A further characteristic is that the
overal | di mrenwooas1078 t he expandabl e particul ate increase uponqﬁ§ﬁ$$wP§W a
specific tenperature, 5 Expandabl e14ol | ow pol yneric particul ate.
which is useful includes those materials conprised of a polyneric shell and
a core of at least one other material, either liquid or gaseous, npst

preferably a "%fé:%b@tfrdrﬁaabatezfmﬁﬁumneorgnhl ch the polyneric shell is
essentially insoluble. A liquid core is advantageou becg?es§_ﬁljé£e degree of

expansion is i recfﬂ‘? Pﬂé’l%@%@é dispersien employesin RIAEHE RO core
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articulate (also calle eres, .mcro es) can
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chl Olrl ge COEF'ngnﬂy @gmmﬁmlhllwmﬂé?ﬂm% rlyﬂmntrdel Memowtpg.'tqmmrg OI I
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up to about two percent styre 0 rs. of
met hacryl at e ari'ﬂ'cl?ﬂ"qt@'séﬁébpu 0 paictomptensy /\/\@f‘ﬁﬂgs%gfng? ﬁ?PV?ng?rFé%P?/I at e,
and copol yner Srﬁ?écd?%rwéteﬁﬁltrﬁaﬁéﬂg%tfﬂ)nﬁagoﬁtﬂi msﬁbswuti@s mrscmatexaﬁpreel ght

of 25 orthochl orostyrene. The unexpanded m crospheres contain fluid
preferably vol ati | dpancheaiingtheprectrser gyaterial, é@remessmreﬁsessd%meﬂt i onal

: fSOF)e Tc g L?S fgeggéggﬁsﬁﬁ' Bt théRhefPSipaRasabi8 PaRiculats.  Fd ¥moliRCofitxPéhdlen agent is
15 observed is dependent on several factors, including the weight percent of
energy expandable particulate present, the type of energy expandable
particulate, the molecular weight of the polymeric shell of the energy
expandable particulate, and the toughness of the PTFE matrix holding the
precursor material together. Typical thickness of the material of this
. 20 embodiment can be in the range of from about at least 10 mils, and preferably
from 10 to 100 mils, and most preferably from 20 to 60 mils. Other thicknesses
can be achieved.
Temperatures needed for the thermal expansion step to occur are
dependent on the type of polymer comprising the shell of the microsphere and
25 on the particular blowing agent used. Typical temperatures range from about
40-=C to about 220-=C, preferably from 60=C to 200-=C, most preferably from
80=C to 190~=C. _ _
In addition to the composite article which has been described above, an
alternate embodiment may be made by adding an elastomer material, such as
30 a silicone elastomer material (e.g., dimethyl siloxane) to the precursor material.
in one embodiment of the present invention, this is achieved by compounding
the filled fine powder coagulum with the dimethyl siloxane. A suitable dimethyl
siloxane is Sylgard® type 1-4105, or Q1-4010, which may be obtained from
Dow Corning. It may also be suitable to use a silicone dioxide reinforced



by wei ght of the m crosphere. The m crospheres can be added in different
manners, as drie icles, wet cakes, or in a suspension,
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o ospher oo amloXIR DR g Ay ThedBufte HTOIRE e BermAdpapad s petiedoyal |
Sweden, undger tmereww&w&p&xemeau[of at 20 peﬁtbﬁﬁenmsopwmt BIy fmt/wes
obtained in a vari es an expansi on tenperature
general Iy ranglﬂ?ﬁ"?’}t‘g‘r’r?%@[%e‘ "g fgéfreﬁwt]a eeﬁ?ﬁ‘&'ﬂ?’c@?"@ﬁl’ﬂ‘ﬁﬂﬁ duE] 10
i crospher e hasgranot fithitédio, ameérfwmbaéem%sméor% é@st&%efg fALEHEBABD a”d an
aver age expanded di aneter of 40 to 60 mcroneters. Accord ing to

Industries, thélaftemges,perfiuore elastomers siherfiugrslasternerraaterials, of 1250 1300
kg/merr], and SeRpaed density bel ow 20 kg/nferr]. It should be

understood t hat the use of the term "energy expandable 15 parti cul at e"
herein i s ¥ht ended Subsendentlyathis pregutsor maleriabis haated incorange frem dbduted wi t h

volatile fluid \4aiehid SnAARDL, 8 nSkBRAY Soniald RRBKHIION §HAD blekufsd! | abl e
material, but also to catalyze the siloxane into a cured state. The resulting
article is an easily compressible, continuously electrically conductive PTFE
composite, including a silicone elastomer disposed within the composite article

15 in a discontinuous fashion.

The addition of the elastomer material yields a composite with increased
z-axis strength, tensile strength and elongation. It also provides some degree
of resilience and increases the usable temperature range of the material.
These desired properties are achieved without sacrificing electrical conductivity

20 or softness/compressibility of the composite article.

A fifth suitable electrically conductive gasket material 22 includes an
electrically conductive polytetrafluoroethylene (PTFE) article which has an
elastomer material and electrically conductive particles intermixed therein.
Specifically, the conductive gasket material of this embodiment is defined by a

25 plurality of electrically conductive particles and PTFE in the form of paste,
dispersion or powder. The electrically conductive particles and PTFE are
mixed in proportions to achieve a mixture containing about 50 to 90 volume
percent electrically conductive particles. Mixture may occur by any suitable
means, including dry blending of powders, wet blending, co-coagulation of

30 aqueous dispersions and slurry filler, or high shear mixing, for example. As the
term is used herein, "volume percent” shall mean a percentage of the total
volume of a material or mixture.

Electrically conductive particles enmeshed within the resulting composite
is a major component thereof. The electrically conductive particles may



m crospheres are essentially ball-shaped particles adapted to expand when
exposed to an energy source, it should be understood that such m crospheres
are quite reswbioestorn their expanded formand can be conpresseBCHH§/03577
rel eased 20 (e.g., through extrusion) tQqgachi eve the expansi on required
for the present invention. Additionally, it may be possible to form such
products in a variety of ot her shapes, such as tubes, ellipsoids, cubes,

particles, etcy retdb% lifhR&d1o, %&é@bmmmbeawaﬁétameat@ ‘métal
i ntended to |ncI |1 cable forns and uses of these products now

known or | ater ﬂalse,eordlpenartlzbs may be defingiddey a/mat@tcya@d RArisMate SHeh 8% si ng
agents nmay be éﬂ”r% gggpﬂm

m cr ospheres. ﬁée:tép‘gb%ge eE{vy(l) at(iTI e&%}w rb@'%?nﬁ{nééal%g{rﬁagglsuc as éﬁ\l E)%atic
hydr ocar bons i roobtedi gigssebéwleqr roetal teated micaflakas, Ryefemed condudliveane,

i sopent ane,_neqQ e n u of one or
nore such aﬁ | pﬂﬁgtﬁﬂaa] ﬂﬂ’%@ %tgﬁgﬁn H&E@r §B é‘%%ﬁ ﬂﬁ?}tg@iongl\gérhﬁ@%e& aver age
ol ecul ar ﬁ/el gfm%mﬁuﬁt. chpst] staifless steeh, draphlte)g‘.ammnngoldx omlahmnhf dori c
pressure about the er at eran e o

sof teni ng poi nte"éf“pi?\g'g ’P&%rlt%dﬂgtaﬂﬁ?%mﬂﬁ é? ﬂ@eb FPBp%hS" 9°'é\7hen
saturated wi th 4 dh‘ﬁvdﬁéﬂﬁ 'ééﬂrﬁﬁméﬂoﬁ%rﬁﬂxﬁﬁéafmﬂ ot mdRdbf the fordgoing may be
EXPANCEL[err]-type 091 DU mcrospheres may be enpl oyed. Thi s product

conpri ses an ofémplpyad Avejagasige pf m%nﬂuﬁaﬁﬂﬁheé can e fromnapoi TRD¥Ren 10
aher eas. t hid vol Sert 207t Piprersbly ol 360t AORPE GRE 100HR oMl ALY Peen
pent ane 't has been
found that by mprefenaphnfrdmabout2Cdm ioabaut 40MmNEReTage sjizeforeansuntivees with a
di spersion of P;;[)'\:N%eré) cr:anS Eg]fro%raﬂ%?lk M%ﬁm tg%%oh%ﬁﬁagh@ fhost preferably from
about 2Em to about 100&m.
The PTFE aqueous dispersion employed in producing the electrically
15 conductive composite article of this embodiment may be a milky-white aqueous
suspension of PTFE particles. Typically, the PTFE aqueous dispersion will
- contain about 20 percent to about 70 percent by weight solids, the major
portion of such solids being PTFE particles having a particle size in a range
* from about 0.05 micrometers to about 5.0 micrometers. Such PTFE aqueous
20 dispersions are presently commercially available from the E. . duPont de
Nemours Company, for example, under the tradename TEFLON® 3636, which
is 18 percent to 24 percent by weight solids being for the most part PTFE
particles of about 0.05 micrometers to about 5.0 micrometers.
An elastomer material, such as a silicone elastomer material (e.g.,
25 dimethyl siloxane), is disposed within the conductive gasket material. This is
achieved by compounding a filled fine powder coagulum of PTFE and
electrically conductive particles with the elastomer material. A suitable dimethyl
siloxane is Sylgard® type 1-4105, or Q1-4010, which may be obtained from
Dow Corning. (It may also be suitable to use a silicone dioxide reinforced
30 silicone material such as Q3-661, which may also be obtained from Dow
Corning.)
The elastomer material, such as the dimethyl siloxane, is added on a
weight per weight basis, and may be diluted with a solvent, such as mineral
spirits, for example. In general, the elastomer material may be added in



the resulting conmposition, the polynmer will undergo expansion in three-

di nrensions to achieve a fibrillated PTFE matrix. In accordance with this
enbodi ment, a WO®RSII4r material conprised of: 10 el ectrical | yPEHNERAISe
particul ate; PTFE, in the formof paste, dil¥persion or powder; and

m crospheres, in the formof a dry powder or solution, is mxed in
proportions of at least 20 to 90 vol une percent conductive particulate, 3
to 15 vol lﬁm% permuntﬂélﬁfgh?gtdm:abbum pemenherabeutwdeﬁehppiéfemlblyumn per cent
PTFE, wt proportlo S 0 VO ercent conduct rticula

vol-ure 15 per GbRit ERpRREL Y8 2 Biiesh Rer 28ost rieteteoERemebnu 1En: prre
bei ng preferred gefceit teaHS 16858 rceiRDihep bifithbhs elbeeﬁterlnﬁhteﬁété ifthR¥e!l putcark! v
conductive flakes. M xture_nay occur by an¥ sui tabl e means, i ncl udi ng dry

bl endi ng of povvd‘é’ﬁ imiteg to, silispRr FHbbers, iueregiiicone eastomess; fiugtesathasmer si ons
and slurry fd %rlas}.'&‘rlﬁ ggﬁlﬁﬁrd”éléﬁtaﬂ)e@?lﬁord%ﬁsh?ﬁ keﬁ%lrr%tﬂé?@d of1€r ein,

"vol une percent mean a percentage o unme of the
precur sor mat er iefihylere/propylepal(EFDMInduct i ve particul ate enmeshed wi t h| n the

resul ting PTFE prec lg..ﬁ;%ggt?ritﬁé ltjrfé #&%@&ﬁﬁ%@%@%ﬁ’%ﬂﬁ%ﬂ&l {r{ée oﬁ’éqsg

el ectrically conductive
met al powder, martidle tse}mhtedmtatrarbelimm aboutM30=C td abhaut 190G, to aatal}eeahétet al

coated particul ate,such _a at net al. coated ceram cs,
net al cgat ed gl aé %’ﬂﬁ%ﬁ"@ie"gﬁ@?%? ﬁi&&%@ﬁ%&“’ﬁ?@t’& Il BBed nica
flakes. Preferr epntisunlisht eluanaawaioaduétwaaibmpwitahmcfe}tmngts mgiebodyiivhigh €
not limted to silver, nickel m nutp ccéﬁg I nl ess steel, graphite,
carbon, gold, orfm®ybe PHQRHS'%F '&95‘?&3@ itable spape Eﬁi'l‘ﬁi‘f'E? -coati ngs incl ude
silver, nickel, coppRie aduiticitéfdhe éﬁétdme?ﬁﬁétbﬁal yieldda coﬁm{ﬂvugﬁtélé&héﬁil¥t wo or

nor e conductive articul ates can pe used. _Average size of thé conductive

fl akes can be f 'A‘E?W&t“ﬂﬂ%sitf article with,ap insieRsed,z-ais pirenath apd fensilem about
1[err]lm to aboutstrbAgihe r‘rﬂeretaetaﬁtefraeb o é&@&hy dége@oﬁa@éntenéel frhéién to
about 40[err]m Average size for conductive wders can from about
0.5[err]m 1 desired properties are achieved without sacnf icing e!ectncal conductivity.
) " Although a few exemplary embodiments of the present invention have
been described in detail above, those skilled in the art readily appreciate that
many modifications are possible without materially departing from the novel
teachings and advantages which are described herein. Accordingly, all such
20 modifications are intended to be included within the scope of the present

invention, as defined by the foliowing claims.



to about 200[err]m preferably fromabout O0.5[err]mto about 100[err]m and
nost -14- preferably fromabout 2 [err]mto about 60 [err]m The PTFE
aqueous di spews ®rs1e7apl oyed i n produci ng the PTFE precursor of PREUSPHEISHL
enbodi ment can be a m | ky-white aqueous suggension of PTFE particles.
Typically, the PTFE aqueous dispersion will contain about 5 20 percent to

about 70.percent by weight solids, the major portion of such solids—being
PTFE particl es BEX! a particle size in the range of fro } cronet ers
to about 5.0 MU-m'll\'ﬁeger s. Such PTFE aqueous di spersions a%ﬁﬁm,mmn”
comrer ci al | y avHavingdesdribedhthe invention, whatis¢lairedNenour s Co t "I
exanpl e, under the tradenane TEFLON 3636, which is 18 percent to 24"10% *

percent by weight solids being for the nost part PTFE particles of about
0.05 m croneters to1apasurfacenount teoshnbiogy .(SMT) compatible elslctroimagnadtizv e

descri bed precuysor nater] range, fromabout 5 mls to about 125 ml s,
for exanpl e® Up @%W@@k@%@ﬁf’%ﬂpwmﬂsm; t hi ckness increases due
to the expansion of gf BRcaitaNg¥ordUiRHRE gasket prdtériglul at e. The anount of
expansi on 15 observed i s dependent on several factors, .including the

wei ght percent of eAdplgprablpalenrally conductivesuprer layeR@Ndt he type of energy
expandabl e particul me%nsu@%@hgwﬁaww nebctwaegdgﬁémrisnawl of the

ener gy expandabl e partic , e toughness of the PTFE matrix hol di ng
t he precursor naoldenable, elegtrically cordystivesuppartiaierss of the material of this
20 enbodi,pent can be in the range of from about at least 10 mls, and
preferably trom 10 to 100 mls, and nost preferably from20 to 60 mls.

Ot her thicknesses can The gaskétaasseémbly set forth in claim 1, wherein said electrically

conductive gasket material is comprised at least in part of
polytetrafluoroethylene.

15 3. The gasket assembly set forth in claim 1, wherein said electrically
conductive gasket material is fabricated from an elastomer impregnated with a
material selected from a group consisting of silver, nickel, silver-plated copper,
silver-coated glass, nickel-graphite, and cal_'boh.

20 - 4. The gasket assembly set forth in claim 1, wherein said means for
affixing the electrically conductive gasket material to the solderable, electrically
conductive support layer comprises an adhesive.

5. The gasket assembly set forth in claim 4, wherein said adhesive is a
25 conductive adhesive.

6. The gasket assembly set forth in claim 4, wherein said adhesive is
fabricated from an electrically conductive, pressure-sensitive adhesive material.

30 7. The gasket assembly set forth in claim 1, wherein said soiderable,
electrically conductive support layer is fabricated from a plastic material plated

with a metal selected from a group consisting of copper, nickel, gold, and silver.

8. The gasket assembly set forth in claim 1, wherein said solderable



Tenper at-ures needed for Mjlﬂlﬂ;’!ﬂ ulE)H si on step to occur are dependent
on the type of ﬁ%ﬁ”&ﬁ Il of the m crosphere p¢n%89/03599
the parti cul ar™ ‘i@, agent used. Typical tenperatures range from about
40[err]C to about 220[err]C, preferably fr&% 60[err]C to 200[err]C, nost

preferably from80[err]C to 190[err]C. In addition to the conposite article
whi ch has been described above, an alternate enbodi rent may be nade by

adding an el ast elastricaliy eonductivessurpordaysy is fabrisated fiopa m%m with@er | al
, di net hyl t f
theor caent 1 v TREERARA ot o rofl EGHERD dFRIGE] o, HivefROpBHIAY fFETL ©

powder coagulumw th the dinethyl siloxane. A suitable dinethyl sil oxane S
Syl gard[err] type 1-4 . ]

Comng. 1t Ty’ Al so thal 8 askeraspblyest bty im.F s le rkiitiod £ SpiRY)

-15- silicong nahatelidldisposed 6n aQarfacd of sdid sbideraplen elsetrivallypboraiustive f r om Dow
Com ng. The sil oxane la added on a wei ght per weight basis, and nay be
diluted with a SYPR¥h@YESCch as nineral spirits, for exarrpl e. In general,

the sil oxane may be added in anounts ranging from 1 percent to about 50

percent, 5 preferabl)érfromS percent tq about 20 percent, and nopst
preferably from 10 & Qﬁsbe%ﬁﬁéﬁmbb?ﬁ%é?rgbﬁtda'@h@fheﬁﬂﬁaﬁlsé‘ derable.oner

materials incluqgae ly 8briduttite éuﬂﬂdrﬁgyérq?asséthéa%%ﬁ‘e éH@QﬂEﬁdm%'bB%rﬂﬂhb' cone

el astoners, fluorocarbon elastoners, perfluoro el astoners
f | uor oel ast trer emtmaﬂxabendwvmgaskﬁ materiahcsaid end defining sapringyikerfinggr. ¢ hi s
precursor material is heated in a range from about 130[err]C to about
190[err]C, to not only achi eve expansi on of the precursor

11. The gasket assembly set forth in claim 1, wherein said electrically

conductive gasket material is fabricated from an expandable particulate
blended into a polytetrafluoroethylene (PTFE) and conductive metal
15 composition.

12. -A method of installing an electromagnetic interference (EMI) gasket
assembly on a conductive surface, said EMI gasket assembly being of the type
comprising an electrically conductive gasket material, a solderable electrically

20 conductive support layer, and a means for affixing the conductive gasket to the
support fayer, said method comprising the steps of:

a) feeding a selected EMI gasket assembly to a surface mount
technology (SMT) machine; _

b) picking up the selected EMI gasket assembly with a vacuum or gripper

25 head of the (SMT) machine;

c) disposing the selected EMI gasket assembly onto a conductive
surface;

d) soldering the EMI gasket assembly to the conductive surface.



material, but also to catalyze the siloxane into a cured state. The
resulting article is an easily conpressible, continuously electrically
conductive PThiooosmrsi te, including a silicone el astoner di spo®€H/USPYOISH?
the conposite article 15 in a di scgp\tﬁ nuous fashion. The addition of the
el astomer material yields a conposit th increased z-axis strength,
tensile strength and el ongation. It also provides sone degree of resilience
and increases the usable tenperature range of the material. These desired
properties are achieved without sacrificing electrical conductivity 20 or
softness/conpressibility of the conposite article. Afifth suitable
electrically conductive gasket material g2 includes an electrically

conductive polytetrafluoroethyleé (PT article which. has an el ast oner
material and electrically c uc ,eiggrticles PRt erm xed therein.
Specifically, the conductiv a§k§z\ te%iab’b E?%As enbodi nment i s defined
by a 25 plurality of electrigally ¢ i

form of paste, dispersion porder
and PTFE are m xed in proﬁg th

onducy; ve particles and PTFE in the
The el &ctrically conductive particles

ZCH1 Al e, o 24 xt ur eggpnt ai ni ng about 50
'webgért EXd
S

to 90 vol une percent electri icles xture may occur
by any suitable > , wet bl endi ng,
co- coagul ati on of T T filler, or high
shear m xing, for exanple. As the teimi s used in, "volune percent”

shal | mean a percentage of the tofal—volune of a material or mxture.

El ectrically conductive particle h within the resulting conposite
is a mgjor conponent thereof. Th Fgﬂgegri ally conductive particles my
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i nclude, but are not limted to, netal powder, netal bead, netal fiber, or
metal flake, or the particles may be defined by a metal coated artiéﬁggge
such as net al WH87et al s, netal coated ceranmics, netal coategcgp 3377
bubbl es, netal coated gl ass beads, or tal coated mca flakes. Preferred
conductive 5 materials in particulfaté forminclude, but are not limted
to, silver, nickel, alum num copper, stainless steel, graphite, carbon,
gold, or platinum for exanple. Preferred nmetal coatings include silver,

ni ckel, copper, or gold. Additionally, a combination or m xture of two of
nmofe of the foregoing may be enpl oyed. Average size of the conductive

fl akes can be fromabout 1[errJmto 10 about 200[err]m preferably from
about 1[err]mto about 100[err]m and nost preferably from about 20[err]m
to about 40[err]m Average size for conductive powders can be from about
O.5[err]mto about 200[eLr]m and nost preferably_fromabout 2[err]mto
about 100[err]m The Pi%? aqueous di spersion enpl d in producing the
electrically 15 conducti ve conp03|te article of this enbodinent may be a

m | ky-whi te aqueous sy f PTFE particles. pi cal ly, the PTFE
about 20 percent apout 70 percent by
wei ght solids, the mgj h of such solids‘;a”i PTFE particl es having
a particle size in a & about 0.05 m crgde %0 about 5.0

m cronmeters. Such PTFE’ﬁQueoG‘\QO di spersi ons7are_presently comrercially

avai l able fromthe E (—duPanflde Nenours Comiany, 1or Exanple, under the
tradename TEFLON 3636, WWWEWWMN18 percent to 2PN\ by wei ght solids

being for the nnstfiEEI:jiﬁﬁzﬁiiﬂﬂjf.es of ers to about
5.0 mcroneters. An eI terial, such as | ne el ast oner
material (e.g., 25 :ﬂ; | oxane), is dis dé*n in the conductive
gasket material . ThIS I's achieved by conpounding a fril1ed fine powder

coagul um of PTFE and el ectrically conductive particles with the el astoner
material. A suitable dinethyl

aqueous di spersion w |
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siloxane is Sylgard type 1-4105, or Ql-401 0, which may be obtained from
Dow Corning. (It may al so be suitable to use a silicone dioxide reinforced
30 siliconewoesioad such as @B-661, which may al so be obt ai nREI/PSWRSITW
Corning.) The elastonmer material, such as the dinethyl siloxane, is added
on a wei ght per weight basis, an@/ffy be diluted with a solvent, such as
mneral spirits, for exanple. In general, the elastonmer material may be
added in -17- amounts ranging fromabout 1 percent to about 75 percent,
preferably from about 5 percent to about 20 percent, and nost preferably
from about 10 percent to about 15 percent. O her suitable el astoner
materials include, but are not limted to, silicone rubbers, fluorosilicone
el astoners, fluorocar-WIDPH el astomers, perfluoro el astoners,

fl uoroel astoners, <l yurethane, or et hyP&he/ prop I-ﬁu_@c‘d(ﬂ:’ . Subsequent to
the addition of the ® astoner material, /t he corrpés retPe is heated in
a range from abo 3 C-t0 ' o€ ——+ 0 catal yze the el astoner
material -into a Cure ,r” 2 é ite article is a 10

A 40 4 /

- e ala
continuously electricqg 'WMM‘KJ te ticle having a main body
whi ch may be di nensi oned 1Tnto any surtabte, shape or thickness. The addition
of the elastoner materfial yields a continugusly electrically conductive
conmposite article witHeam i AdEBDGHEd z- axi#{strength and tensile strength.
The el astoner al so provides sone degree of resilience. These 15 desired
properties are achieved wt t ,sacLificing electrical conductivity.
Al t hough a few exenpl ary enﬁ&ié.n of the present invention have
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been described in detail above, those skilled in the art readily appreciate
that many nodificatiqns are possible without materially departi

novel teachi ng}gog?(amgﬁvant ages which are described herein. ,Acco?gzlﬁr}{;ﬁg%sggfl
such 20 nodi fications are intended ¢ ®e included within the scope of the
present invention, as defined by the foll ow ng clains. - 18- Havi ng
descri bed the invention, what is clainmed is: 1. A surface nmount technol ogy
(SMr) conpatible el ectromagnetic 5 interference (EM) gasket assenbly
conprising: an electrically conductive gasket material; a sol derabl e,

el ectrically conductive support |ayer; and neans for affixing the
electrically conductive gasket material to the solderable, electrically
conductive support layer. 10 2. TiIRQgasket 3gsenbly sy forth in claiml,

wherein said electrically conducte gasket /rrat erial conprised at |east
in part of polytetrgfftooroethyt e 3T ogsket—assenbty—set
forth in claim1l, wvherei i onduet i ve gasket materjpal is

fabricated fromap el a
group consi sting”of si
gl ass, nickel -graphi tg
forth in claim1, el
conductive gagket nft

support |ayer/ conp i4

si Yver - goat ed
?ﬂzt asseabl y set
./Ac ricalfly
# |y conductive
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5. The gasket assenbly set forth in claim4, wherein said adhesive is a 25

conducti ve adhesi ve.
sai d adhesi vewaod/stov4 cated from an el ectrically conducti ve,
pressure-sensitive adhesive material.
forth in claim1l, wherein said sol derabl €,
is fabricated froma plastic materi al
froma group consisting of copper,
assenbly set forth in claim1l, wherein said sol derable
conductive support

| ayer

selected froma

9. The gasket assenbly set forth in claim1;

mat eri al di spos
support | ayer.

-sol derable, ele
ext endi ng beyon
defining a spri
1, wherein said
an expandable p
conductive neta
el ectromagnetic
said EM gasket

6. The gasket assenbly set forth in claim4, wherein

PCT/US99/03577
7. The gasket assenbly set
el ectrically conductive support
plated with a netal selected
gold, and silver. 8. The gasket
-19- electrically
| ayer is fabricated froma netal plated with a netal
group consisting of nickel, gold, silver, copper and tin.
further including a solder 5
ed on a surface of said solderable, electrically conductive
0. The gasket assenbly set forth in claim1l, whereijn said
ctrically conductive support |ayer has at | east one jend
i the |10 electrically conductive gasket material, said end
ng-1i ke finger. 11. The gasket assenmbly set forth inf claim
el ectrically conductive gasket material is fabricatjed from
hrticul ate bl ended into a pol ytetrafl uoroethyl ene (HTFE) and
15 conposition. 12. A nethod of installing an ) '

P 6

ni ckel ,

conductive gaski

i nterference (Ew%i gasket ass y on conducti ve fsurface,
assenbly being o ?he type co I Si ng? electrically
i ically
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20 conductive support layer, and a nmeans for affixing the conductive
gasket to the_su | ayer, said nethod conprising the steps of,

feeding a sel &‘?g@g’r@kﬂ gasket assenbly to a surface nount techn%F(@/sgz,gaﬁ
machi ne; -b) picking up the sel ected BV @asket assenbly with a vacuum or
gripper 25 - head of the (SMI) machine; c) disposing the selected EM
gasket assenbly onto a conductive surface; d) soldering the EM gasket
assenbly to the conductive surface.

FI1G. 13
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