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15 During normal operation, electronic equipment generates undesirable electromagnetic
energy that can interfere with the operation of proximately located electronic equipment due to
EMI transmission by radiation and conduction. The electromagnetic energy can be of a wide
range of wavelengths and frequencies. To minimize the problems associated with EMI, sources
of undesirable electromagnetic energy may be shielded and electrically grounded. Shielding is

20  designed to prevent both ingress and egress of electromagnetic energy relative to a housing or
other enclosure in which the electronic equipment is disposed. Since such enclosures often
include gaps or seams between adjacent access panels and around doors, effective shielding is
difficult to attain, because the gaps in the enclosure permit transference of EMI therethrough.
Further, in the case of electrically conductive metal enclosures, these gaps can inhibit the

25  beneficial Faraday Cage Effect by forming discontinuities in the conductivity of the enclosure
which compromise the efficiency of the ground conduction path through the enclosure.
Moreover, by presenting an electrical conductivity level at the gaps that is significantly different
from that of the enclosure generally, the gaps can act as slot antennae, resulting in the enclosure
itself becoming a secondary source of EMI.

30 Specialized EMI gaskets have been developed for use in gaps and around doors to

provide a degree of EMI shielding while permitting operation of enclosure doors and access
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Strips @ndu@fiviffare becoming required characteristics of EMI gaskets due to increasing shielding
20 . requirements. Low cost, ease of manufacture, and ease of installation are also desirable
characteristics for achieving broad use and commercial success.

Conventional metallic EMI gaskets, often referred to as copper beryllium finger strips,
include a plurality of cantilevered or bridged fingers forming linear slits therebetween. The
fingers provide spring and wiping actions when compressed. Other types of EMI gaskets include

25  closed-cell foam sponges having metallic wire mesh knitted thereover or metallized fabric
bonded thereto. Metallic wire mesh may also be knitted over silicone tubing. Strips of rolled
metallic wire mesh, without foam or tubing inserts, are also employed.

One problem with metallic finger strips is that to ensure a sufficiently low door closure
force, the copper finger strips are made from thin stock, for example on the order of about 0.05

30 mm (0.002 inches) to about 0.15 mm (0.006 inches) in thickness. Accordingly, sizing of the
finger strip uninstalled height and the width of the gap in which it is installed should be
controlled to ensure adequate electrical contact when installed and loaded, yet prevent plastic

deformation and resultant failure of the strip due to overcompression of the fingers. To enhance
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20 Metallized fabric covered foam gaskets avoid many of the installation, performance, and
safety disadvantages of finger strips; however, they can be relatively costly to produce due to
expensive raw materials. Nonetheless, EMI gaskets manufactured from metallized fabrics
having foam cores are increasing in popularity, especially for use in equipment where
performance is a primary consideration. |

25 As used herein, the term metallized fabrics include articles having one or more metal
coatings disposed on woven, nonwoven, or open mesh carrier backings or substrates and
equivalents thereof. See, for example, U.S. Pat. No. 4,900,618 issued to O’Connor et al., U.S.
Pat. No. 4,910,072 issued to Morgan et al.; U.S. Pat. No. 5,075,037 issued to Morgan et al., and
U.S. Pat. No. 5,393,928 issued to Cribb et al., the disclosures of which are herein incorporated

30 'by reference in their entirety. Metallized fabrics are commercially available in a variety of metal
and fabric carrier backing combinations. For example, pure copper on a nylon carrier, nickel-

copper alloy on a nylon carrier, and pure nickel on a polyester mesh carrier are available under

the registered trademark Flectron® metallized materials from Advanced Performance Materials



expensive raw materials. Nonethel ess, EM gaskets manufactured from
netallized fabrics having foamcores are increasing in popularity,

especi al Iwyofooe98 i n equi pnent where perfornmance is a pPCERAISY1/06410
consideration. 25 As used herein, the termnetallized fabrics include
articles having one or nore metal coatings disposed on woven, nonwoven, or
open nesh carrier backings or substrat eg _ and equival ents thereof. See, for
example, U S. Pat. No. 4,900,618 issued to O Connor et al., US. Pat. No.
4,910, OlbRated susd mesJ\Msg;amletAnailummUmioﬂ%ta pdigested n¥Eh cBiér isasuigablé GoMdr gan

et al 3,928 issued to Cribb et al., the
di scl OSNF O&PC%F}@?P%N(}W«&%O% ;[Sa%%ir porated 30 by reference in their
entirety. Mgl bhiG&dof Abki i%%uﬁfeﬁ ﬁgjgﬂngl?}ghﬁiahkﬁuﬁlvﬁﬂnhﬁﬁhg of theEMPEHiOHY FOf

metal and fabric carrier backing nations. For exanple, pure copper on

a nyI onemrpl%@rpartmvéawnetahumhebe ehdsclydmentoathﬂycbmposmtmwofabuttmgdboma neetal e kel
ster rrier are avaj | t he i stered.tradenark

o cot P or R o BRI Gl bopftafou b B R S S ity DT et id el o v

01/ 0659&&8@6&5 MROJHEAIR elechidaP sRMBMink PerPbrmdnobll BMetdWiSdQhds ard MeshBIBTHBEM

foil on_ a polyester nmesh carrier is available from hbptco | ocated in

Pawt uc kit eaaamf@épln@ltlan@s weHeas dhesbddy.of netal is guided, in part, by

instal l ation [ »~exanpl e, articul r rretal

i oht. bo. c VSR ER%0 lnchilS oFNL o208 1n 620 Cﬁgmsohé‘) et gt

encl os uh@elh@bmpaﬁ @ﬁémﬂjﬂ intade by eRSirolRsOflatinpeproddss&hiwhds eY&dtr@l'&ssQﬁHﬂ)bgitlon
I ncrease_ el ectrical resistance and deterjorate el ectrical grounding

per $br neffoapeniothgrisuieple gt opacambeed Abpeordtsubsrtie.c Rhereafter 88pPT 8IS on
as wel | cﬁﬁtl(ﬁﬂ? ARkl o@fnet&f%tﬁ:!h als ?15:‘116]},] é/b%% ecﬁUferl?Er él@&?ﬁﬁ%ﬁ?rdeg&qtgh Qnt Ne

O.Connor et a pat ent nentione
el ect r othe seppﬂraﬂihasgz apddﬁnma]sbycrs atecdpphied &l @etanod ﬂe&mdelﬂjnﬁg icbpyeen laylaﬁﬁﬁfn copper

or ot her . tabl e rret .on a catalyzed f r or filmsubstrate. Thereafter
oneor - Frsr QYRS oRaN By ere 15 ebre anc BBk doreRe fie SR conductivily
el ect r oj RS- forRhn&d &%&@MI ga%ﬁétl MaddGRGSEbA] TR adH BnAMRAE! 1a ngf@le copper

additional” |layers are applied to prevent the underlylng coppe ayer
cortﬁodladg;prdcha\mmedsmﬂmeébmﬁheh&sercappen ance and thereby decrease the

el ectrical conductivity ancé A..gasket made therefrom
The additional nickel |ayer ovi des a harder surface

than the base TeRPRSEIopRidi¥MRYe BgenwggﬂeMEé%H@\éndenﬂy for several years in the area of

EMI shields for nonconductive enclosures, such as molded plastic housings for cellular

telephones, computers, and the like. The first development is a form in place (“FIP™) process.

20 See, for example, U.S. Patent No. 5,822,729 entitled Process for Producing a Casing Providing a
'Screen Against Electromagnetic Radiation, the disclosure of which is incorporated herein by
reference in its entirety. A goal of the FIP process is to produce a conductive and compressible
elastomeric EMI gasket that can be directly applied to the substrate to be shielded, thereby
eliminating the step of attaching the EMI gasket to the workpiece at the assembly plant. One

25  problem with the FIP process is that it is necessary to have relatively complex and expensive
dispensing equipment at the casting or molding plant, or at the assembly plant. As the capacity
utilization of this equipment may be quite low, due to the use on a single component this is a
risky and potentially uneconomic situation.

The second development in the area of EMI shielding is the production of conductive

30  coatings, especially an extensible conductive coating, which is a coating with high conductivity
that can be applied to a film, or other flexible substrate, that is later formed to a desired shape
without substantial degradation of conductivity. See, for example, U.S. Patent No. 5,286,415
entitled Water-Based Polymer Thick Film Conductive Ink and U.S. Patent No. 5,389,403 entitled
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readi |y manufgctupsit dfthble thermoformable films include LEXAN® and VALOX®,

manufactured by the General Electric Company, Pittsfield, Massachusetts. An example of a

20  polymer thick film extensible conductive coating is Electrodag® SP-405, manufactured by

'Acheson Colloids Company, Port Huron, Michigan.

Accordingly, in accordance with one embodiment, the invention is drawn to a method for
forming an EMI shield. The method includes the steps of (a) providing a thermoformable film
having a first side and a second side; (b) applying an extensible conductive coating to the

25 thermoformable film; (c) cutting the thermoformable film; (d) thermoforming the
thermoformable film into a three-dimensional shape; and (e) applying a compressible EMI
gasket to the thermoformable film, wherein steps (b) through (e) may be performed in any order.

In another embodiment the invention is drawn to an EMI shield. The EMI shield
includes a thermoformable film having a first side and a second side, wherein the

30  thermoformable film is thermoformed into a three-dimensional shape; an extensible conductive
coating applied to the thermoformable film; and a compressible EMI gasket attached to the

thermoformable film.
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FIG. 6 is a schematic diagram of a FIP process on a contoured substrate.

Detailed Description of the Invention

Examples of a process for manufacturing embodiments of EMI shields are illustrated in
FIG. 1.

20 In a first step, the EMI shield is manufactured from a thermoformable film, such as
General Elegtric’s Lexan®. The thermoformable film may be in small or large sheets or a long
continuous reel, depending on the scale of production required. Generally, a formable film may
be used and, in addition, non-formable films may be used if the required shape is flat.

The thermoformable film is coated with a conductive extensible ink, such as Acheson

25  Colloids Company’s Electrodag® SP-405 ink to form an extensible conductive coating. The
extensible ink may be any extensible ink in the case of a 3-D shape, and any conductive ink (or
paint or plating) in the case of 2-D shapes. The extensible ink can be applied to the film by a
variety of printing or film coating processes, such as flexographic printing, screen printing,
gravure printing, offset printing, letter press printing, pad printing, slot coating, flood coating,

30  spray coating, and jet printing.

Depending on the configuration of the part used during the forming process, there can be

a considerable amount of elongation of the EMI shield where geometric features of the shield are



met hods for conbining a formabl e nonconductive substrate with a conductive
coating and a FIP gap gasket; 10 FIG 2 is a schematic diagramof a
conduct i wO®moationgy on a thernmoformable film FIGS. 3A- 3Crarassvhmanmt i C

di agranms of enbodi ments of a sinple and a nore conplex thernoforned EM
shield; FIGS. 4A-4C are process steps for contouring a thernoformable film
FIG 5 is a table sumari zing surface cgnductivity and shiel ding

effectiveness test results 15 of conductive coatings nade of various
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one In one embodiment the conductive fibers can be placed on the thermoformable film and
the extensible film can be placed on top of the conductive fibers. The arrangement of the
thermoformable film, the conductive fibers, and the extensible film can be laminated to allow the
conductive fibers to integrate with the extensible film. In another embodiment, the extensible
20  film can be processed into fibers which can be mixed with the conductive fibers. The mixture of
conductive fibers and the fibers from the extensible film can be deposited on the thermoformable
film at a temperature which at least partially melts the extensible film fibers.
Materials for the conductive fibers include stainless steel fibers from Baeckert, Naslon —
SUS316L from Nippon Seisen Co. of Osaka-City, Japan, Panex Chopped Fiber — PX33CF1000-
25 01 from Zoltex Corporation of St. Louis, MO, and X-Static Silver Nylon Fiber from Instrument
Specialties of Scranton, PA. Any fiber which is at least about 3.175 mm (0.125 inches) long and
less than about 0.254 mm (0.01 inches) in diameter may be used, provided that the outer surface
of the fiber is coated with metal sufficient to produce bulk conductivity of the material to less
than about 50 milliohm-cm, preferably less than about 25 milliohm-cm, more preferably less
30  than bout 10 milliohm-cm, as determined by Mil-G-83528 paragraph 4.6.11/ASTM 991. Pure
component fibers can be used as well, provided the bulk resistivity is below about these values.
In addition, some other conductive materials that can be used are silver loaded particles,

silver/copper flake, silver/nylon fiber, silver carbon fibers, tin over copper flash, and tin.



that could be stretched infinitely over the entire part. In practice, this
Is difficult as nost highly 5 conductive materials will tend to fracture.
Al so, natwpoioaloesdohat are best for stretching are general | yCaatSoveaduct i ve
enough to be used as conductive shields. In another enbodi nent the
extensi bl e conductive coating can be formed froma conbination of
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In a second step, the resulting coated film is then cut to the desired 2-D shape. Any
cutting process known to those skilled in the art can be used such as water jet cutting, laser
cutting die-cutting, hot wire cutting, etc. The film can be cut to produce a single shape or a
| plurality of similar or different shapes, which can be held together by sprues.
25 Next, in a third step, the cut film is thermoformed into the desired 3-D shape. Any
method of thermoforming known to those skilled in the art may be used. The complexity of the
3-D shape can vary significantly, from a simple box, formed by a single rectangle draw, to a
multi-chamber part with different chamber sizes and depths. See FIGS. 3A-3C for examples.
One method of thermoforming, positive forming, is illustrated in FIGS. 4A-4C. The
30  thermoformable film 30 and the extensible conductive coating 20 are heated by a heater 50 to
soften the thermoformable film 30 and the extensible conductive coating 20. The

thermoformable film 30 and extensible conductive coating 20 are then applied to a mold 60 and

a vacuum 70 drawn to conform the thermoformable film 30 and the conductive coating 20 to the



WD 01/ 065903 PCT/ USO01/ 06410 -8 Materials for the extensible filminclude
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For exanpl eSNote that the four general process steps do not have to be performed in this particular
order and, in fact, may be performed in any order. For example, the FIP gasket may be applied

20 either before or after coating, cutting, or forming. Similarly, the coating may ‘be applied either
before or after cutting, forming, or application of the FIP gasket.

FIG. 5 is a table which shows a summary of surface conductivity and shield effectiveness
test results for various conductive coatings. The table shows the conductive materials, the base
extensible films, and the manufacturing methods for applying the conductive coating to the

25  thermoformable film. The table also shows the thickness of the conductive coating and
exemplary draw amounts of the conductive coating. The test results of surface conductivity and
shielding effectiveness are provided for both an unformed conductive layer, after application of
the extensible conductive coding to the thermoformable film and for a formed conductive layer
after three-dimensional forming of the EMI gasket. The test results generally show the surface

30  conductivity increases after the conductive layer has been three-dimensionally formed. The test
results also generally show, with the exception of Ag particle ink, that the shielding effectiveness

(SE) remains relatively constant before and after being three-dimensionally formed.



One nethod of thernoform ng, positive formng, is illustrated in FIGS.
4A-4C. The 30 thernoformable film 30 and the extensi ble conductive coating
20 are hewoedotdpon heater 50 to soften the thernof or mabl @Criusm/@31@nd t he
ext ensi bl e conductive coating 20. The thernoformable film 30 and

ext ensi bl e conductive coating 20 are then applied to a nold 60 and a
vacuum 70 drawn to conformthe thernofofgmble film 30 and the conductive
coating 20 to the WO 01/065903 PCT/ US01/ 06410 -9 nold 60. Once cool ed

suf fi ci ent | yTharherecomimbared Wabietormalefr arismeinfplacmgatkes nboresxempls, B dlustrated

conduct. atin 0.,are.renved t he Id .60, ongducti ve
o aat oG58t ah dubRalic bERRRIAS ToRToL SR iRy mn FRRshletd PalEPEVL
desi r edcdhét@rerpartidéshdr ﬂaaﬁhasmmuﬂg Bmaeraafﬁdmuﬂaﬁcadna@am aﬁWl@snld)S for
illustrated in FIG 6. 5 The FIP gasket is typically applied about a

per i rret@qampé@gboppedpnet@lrﬁWm@rrmgta izpd polymeq Eibefscare a oéhe cqmpanshts of8npl ex
part ke arn

di V|S(Sjer%é,"lgu%ag ]I%e J"-th?arp §nlfl3 r eéc’:lege #Oolrnr‘aﬁi;}ltrfl}%lglﬂ{rfilgadg%gl ﬁ(;;lgg %O\é)@l%l? I&tr 1e1 OI alr?dt he
final asseoBioddte o@ﬁi@pﬁaﬁntlmfah@aﬂsmgmxﬁhe Thapolgdl oommhaﬁtldﬁmhegm&emaw S
then cured, either at anbi §§: erature or viia el evated tenperatures,

for ex aqﬁypwnenhl 13, axhiesgs “89@?11'“0@ 105 ageisedl i ORGOT BRI NIINE headh befs tof or
manuf ac I3 hose skill ed
in the rt orﬁghle%gﬁ%g E tgcan %gﬂﬁ%%@& ?B@%%uV%EEM@ﬁ%Qégsket may be

ot her than cOhsluetliaue ndkiast witk fis integtal detwegprk bﬁd:ondu‘ctuta particdes 129, is rntmnal lized

fabric wapped foam . gaskets tal fingers, knit askets bl e
F oalfb) BORSRSE bt € dars B meancs the dFsTie e B R eroney Ve AN SRSk ¢

separatg cﬁfé‘é&ﬁ%ﬁﬁﬁéﬁt athe UstH&le mikQlre %Pﬁﬁrélﬂ'1§te?rapﬁét%ﬂ€6ﬂ”@%u&%‘iﬁhwlés51 2008
finished shielding element 1s then shi the assenbly plant, wherée the

entire dlspﬂneuhthu@lg‘hwmzzbrﬂ 3|03111ac’dy)mﬂbla§hefdcebll355wfrﬁnl ofecpiiiced emgosuin §;4%umg$ e
t t t
B 6 shofibpheftianig e 1458 it ettt TR PR3] B i

processgitLps do not have to be perforned in this partlcul ar order and, in
fact, may be perfornmed in any order. For example, the FIP gasket may be
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conductjve coatings. The table shows the conductive materials, the base
foaming process.

Additionally, various forms of carbon may be added to urethane foam chemical
20  precursors to produce foams with surface resistivities of 100 to 1000 ohms/square. These
materials, however, have limited use in EMI shielding applications, due to the relatively high
resistivity. A new process produces conductive foams which are less than 10 ohms/square by
introducing more highly conductive materials into the foam chemical precursors, including
silver-plated glass spheres, sintered metal particles which have bulk resistivities below about 10~
25 ®ohm-cm (e.g. Cu, Al Ni, Ag), and silver-plated copper particles. Other conductive materials
include the class of non-metallic materials referred to as conductive polymers. This would
include such materials as poly-Analine.
Another method of producing conductive foam is to produce the conductive elements in
the foaming process by reacting organo-metallic compounds during the foaming process. This is
30  accomplished by introducing reducing agents into one of the two or more chemical precursors of
the foam prior to foaming. One example of these compounds is copper acetate, but any metal

compound, which is compatible with one of the chemical foam precursors, could be used.



extensible filnms, and the manufacturing nmethods for applying the conductive
coating to the 25 thernoformable film The table al so shows the thickness
of the cowodwewésives coati ng and exenplary draw anounts of Phg/usonaisedi ve
coating. The test results of surface conductivity and shielding
effectiveness are provided for both an unformed conductive |ayer, after
application of the extensible conductiNB.coding to the thernnfornable fiIm
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met hod 100 for nmanufacturing an EM shi el e of conductive particles
and a fivaemtidne nmi xture. In one enbodi ment, conductive particles 105, for
exanpl e, cho eg t.al .fibers or netallized pol ymer fibers, are added to

t he conponen Fniﬂgwgﬁﬁnable m xture. The conponents of the foamable

m xture can be a polyol conponent 110 and an isocyonate conponent 115 of a
uret hane m xture. The polyol conponent 110, the isocyonate conponent 115,
and the conductive particles 105 are m xed in one or nore m xi ng heads 125
to produce a urethane mxture with an integral network of conductive
particles 120. The urethane m xture with the integral network of conductive
particles 120 is then 10 processed by avail able nmeans to produce the
desired size and shape of a conductive EM gasket. In one enbodinent, the
urethane m xture with an integral network of conductive particles 120, is
di spensed through a nozzle 130 directly onto a surface 135 of an el ectrical
encl osure 140 using an xyz positioning system 145 to formthe EM gasket
in place as the mixture 120 foans and cures. 15 FIP EM gaskets may be
manuf act ured of conductive foans, where the conductive elenents are
introduced into the foammatrix prior to casting by adding organo-netallic
conpounds to the foamchemi cal matrix, which are reduced to conductive

el ements during the foamng process. Additionally, various fornms of carbon
may be added to urethane foam chem ca



20 precursors to produce foans with surface resistivities of 100 to 1000
ohns/ square. These nmaterials, however, have limted use in EM shiel ding
applicatiwogj/od9esto the relatively high resistivity. A REWUSHDORSE
produces conductive foans which are | ess than 10 ohns/square by

i ntroduci ng nore highly conductive materials into the foam chem cal
precursors, including silver-plated g_Ifi%s spheres, sintered netal
particles which have bulk resistivities below about 10 25 5 ohmcm (e.g.
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steps of 2 (a) providing a thernofor nprising a |rst 5|

a secont the d"@rmoﬁm@bble dpml iy selectedhfremtthergiolnp eonsistohgatf ipviating ptocesged and ﬂi]lm
therpoformable film 4 (c) cutting the thernoformable film 5 (d)

t herhof © (?aﬁinﬁa &% her rof ormabl e filminto a three-di nensional shape; and
6 (e) applying a conpressible EM gasket to the thernoformable film

wherei n4, The method of claim 3 wherein the group of printing processes and film coating
2 processes comprise flexographic printing, screen printing, gravure printing, offset printing, letter

3 press printing, pad printing, slot coating, flood coating, spray coating, and jet printing.

1. 5. The method of claim 1 wherein the step (b) of applying an extensible conductive coating
2 to the thermoformable film comprises applying the extensible conductive coating to at least one

3 of the first side and the second side of the thermoformable film.

1 6. The method of claim 5 wherein the extensible conductive coating is applied substantially

2 uniformly to the at least one of the first side and the second side of the thermoformable film.

1 7. The method of claim 5 wherein the extensible conductive coating is applied selectively to
2 atleast one zone and not to another zone on the at least one of the first side and the second side

3 of the thermoformable film.

1 8 The method of claim 1 wherein the EMI gasket of step (d) is selected from the group
2 consisting of conductive elastomer, fabric wrapped foam, metal fingers, polyurethane, and

3 knitted gaskets.

1 9 The method of claim 1 wherein the step (d) of applying the EMI gasket to the

2 thermoformable film comprises the steps of:



7 steps (b) through (e) may be performed in any order. 1 2. The nethod of
claim1 wherein the thernofornmable filmof step (a) is drawn froma roll.

1 3. The wetohoes9od claim 1l wherein the step (b) of applyi rgTaASOENd4eNSi bl e
conductive coating 2 to the thernofornmable filmis selected fromthe group
consisting of printing processes and film 3 coating processes. 1 4. The
nmet hod of claim 3 wherein the group of_grinting processes and filmcoating
2 processes conprise flexographic printing, screen printing, gravure
prirmting, ofmeabg ponduciingpartiees eith fGamabdsmaterialstto figm phenpmixttdengith sh ot
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filrm 1102, Thee methoddfclaim|%avimréinihefoeinableheateitle asi dpadyad enohponént end emt i ng
i's plied selectively to at | east one zone and not to another zone on
the 2t Fasopas amgpiTiatieh Gria wE R RARRisnd s de 3 of the
thernoformable film 1 8. The nethod of claim1l wherein the EM gasket of

step (d)1.i s Tk @etiRd of it tl0avididl he Ser@Mibedssing (R ureBRtk fohiniRix@he SHETer ,
fabric wapped foam netal fingers, polyurethane, and 3 knitted gaskets. 1

9.h The Weaneerabretwek o condpetiveipartioles te skape thy EMH gaghst gomprisen maving $asket t o
s : : _ ‘
peT U BEG Bb He TR B CATPIA 868 1 R0 e R Bling MO with e, ¢

t o fsor nintegidartwork oficenduictibe particlds tonfoarg tiad ENEtoaskek irpflaconduct i ve parti cl es;
and 5 processing the foamm xture with the integral network of conductive

parti cl to_shap 6 the EM_ gasket. 10. The method of . ¢laim9 wherein
t he ¥ oahabl eTﬁ%fnsﬁmwé cIéﬂl@iW%%P%h@ %#Bsth‘@rﬁar%%ﬁ 4f SglgctF%§e% BEEPUD
Conpﬂﬂewnsi%’ﬂhg Bt §i9{e Dothtdl] ShAARReEO /MK hidtf Pa&icﬂe@; siﬂ@ﬁgﬂ&?ﬁd{bﬁﬂp&fpaﬁk@ésﬁn 10

wherein the step o rocessi ng the urethane foam m xtur
3 and conductive polymers.

1 13.  The method of claim 12 wherein the sintered metal particles have bulk resistivities below

2 about 10” ohm-cm.

1 14,  The method of claim 1 wherein the extensible conductive coating comprises conductive

2 fibers and an extensible film.
1 15. A product manufactured according to the method of claim 1.

1 16.  AnEMI shield comprising:

2 (a) a thermoformable film comprising a first side and a second side, wherein the
3 thermoformable film is thermoformed into a three-dimensional shape;
4

(b) an extensible conductive coating applied to the thermoformable film; and
5 (c) a compressible EMI gasket attached to the thermoformable film.

1 17.  The EMI shield of claim 16 wherein the extensible conductive coating is applied to at

2 least one of the first side and the second side of the thermoformable film.



2 the integral network of conductive particles to shape the EM gasket
conprises noving the 3 surface of the thernoformable filmrelative to a
nozzl e supwployiosryoz he uret hane foamwith the 4 integral neCmarski/of410
conductive particles to formthe EM gasket in place. 1 12. The method of
claim9 wherein the conductive particles are selected fromthe group 2
consisting of silver-plated gl ass sphergs, sintered netal particles,
silver-plated copper particles, 3 and conductive polyners. 1 13. The

met hiod g& c| BherEMI shiedt ef dlainh b7 wherteor thd extebsiblepanductive sodtingds bpplied

i.stiviti I bout 10"5 ohpyc 1.14. The nmethaq of .claiml
wherot n Rt REnE mly BB bt Ers Sod BAE Mt ind SESsCorbeIte PVBe 5 11 per s
and an gxtessihie Fidhhm 1 15. A product manufactured according to the

method of claiml1l. 1 16. An EM shield conprising: 2 (a) a thernoformable
filmcog:?orisi ng_a first side and a second side, wherein the 3

t herlnof bt-nmabllee EMIphiedd efrdainp} bivheigin the extgnsiblesendlctivn spasinglis applisd; 4 (3)
t ensi i ' ' f £ |
(0) % OR8N OHE Z6RAIIo AR bpb B ot ST TR! ol BASF i Y

The 3EM sesbndeside of thelthdrmofdrmablr ffinn t he extensi bl e conductive coating is
applied to at 2 |least one of the first side and the second side of the
t hermof ormable film WO 01/065903 PCT/US01/ 06410 -14 1 18. The EM shield

of cl ai20.17 TheEMIshichtofolbiansé wherekome deipmssibloEMNGaskst G%Ptgiris@ﬁa méxture of
substanti al | uniform(i; to the at | east one of the first side and the

second Yepeblsimytedals anheondyeyarastides foi frsm 2 foam mxerewith spiiwipgrabretepe off 17
whergi n iibl e conductive coating is applied 2 selectively to at

| east o%&eﬂa%tﬁae%tlang&%dt anot her zone on the at |east one of the first side

and the,; 3 sego sid ne,thernof orpabl e film. 20. The EM shiel d of
cl ai 1m 1 1'V\he?§? ]%E/{Iﬁieneg%%cr%gns%%wgmﬁm tﬁ&ﬁ%aﬁ’leclgﬁﬁ@%&e %pgflpfgltc@rngoo&pnt B

f oamabl & ¥e¢y@mb@l Pnpddeaidelc forner wathhhEfRm hkuirer m a foam m xture with an
integral network of 3 conductive particles. 1 21. The EM shield of claim

20 wherejn the foamable materials are a pol yol component and
1 ﬁ The EMIrg%ield of claim 20 w?lerein the cgndu%tive partqgles are selected from the group

gl

2 consisting of silver-plated glass spheres, sintered metal particles, silver-plated copper particles,

3 and conductive polymers.

1 23.  The EMI shield of claim 22 wherein the sintered metal particles have bulk resistivities
2 below about 107 ohm-cm.

1 24.  The EMI shield of claim 16 wherein the extensible conductive coating comprises

2 conductive fibers and an extensible film.
1 25.  Anextensible conductive coating comprising conductive fibers and an extensible film.

1 26.  The extensible conductive coating of claim 25 wherein the conductive fibers are selected
2 from the group consisting of stainless steel fibers, silver metallized fibers, silver loaded,

3 silver/copper flake, silver/nylon fiber, silver carbon fibers, tin over copper flash, and tin.

4 27.  The extensible conductive coating of claim 25 wherein an outer surface of the conductive
5  fibers are coated with a metal sufficient to produce bulk conductivity of the material per ASTM

6 991 to less than about 10 milliohm-cm.



2 an isocyonate conponent which forma urethane foamm xture. 1 22. The EM
shield of claim?20 wherein the conductive particles are selected fromthe
group 2 worgiedng of silver-plated gl ass spheres, sintePed/uset/ed410
particles, silver-plated copper particles, 3 and conductive polyners. 1
23. The EM shield of claim22 wherein the sintered netal particles have
bulk resistivities 2 below about 10-5 phmcm 1 24. The EM shield of
claim 16 wherein the extensible conductive coating conprises 2 conductive
fibers Zhd abhesttemsblblendiictive cdatipg of Alaine 26 evieidih thecormisible filen scatected

i sj ductive fib d tensiple film 1 26. The extensi bl
conduct T2 o2 GORTSE §TAOLE st POIVHEYSem aabeiaics fklomttib i get e d
2 T rom §hengsepnanglonttiRg polycabaidd, 9oFestb€ ahd bblaffde, Si | ver netal lized

fibers, silver |oaded, 3 silveéer/copper flake, silver/nylon fiber, silver
carbon fibers, tin over copper flash, and tin. 4 27. The extensible

conduct?¥%e cbbe EMY shield piglanpt, wrherein thestepsible flon hisccglassttranisiononduct i ve
5 fi ] i.Ci t d bul k ductivit f
Phe trat B e R i a8} BerBblbibie i © P 0NE Pohm om o °

01/ 065903 PCT/ US01/ 06410 -15 1 28. The extensi bl e conductive coating of
claim25 wherein the extensible filmis selected 2 fromthe group

consi sting of polypropyl ene, polyethylene, polystyrene,
acrylonitrile-butydiene- 3 styrene, styrene-acrylonitrile, polycarbonate,
pol yester, and polyamde. 1 29. The EM shield of claim 24, wherein the
extensible filmhas a glass transition 2 tenperature |ower than that of
the thernoformable film



