EM SHI'ELDI'NG ENGLOSURES
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. . .An EMI shiclding enclosure, for an electronic assembly,
shielding cover. The cover results from thermoforming a comp

ct;mprih:ientg :ground plane of a printed circnit connected to a
osite s of several layers,
has fibers substantially surrounded by a fiber—coat. Connection -of the cover to the
requires the fiber-coat to adhere to the printed circuit in the vicinity of the ground plane.
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pl ane, a shielding cover conprising a carrier sheet and a contact edge to

form an el ectrical -connection to the ground pl-ane.

-1- suppr essi on of radi ated em ssi ons fr onp&tydisesiodosal

i ntegrated cirYPPUSTREy i nvol ve the use of a shielded housing over an
apparatus, e.g. a circuit boar gsmi SBIELDINGENCLOSURES | pl e i ntegrated
circuits. Such a housing is described I n , ) (Jewell et al).
The housing of U S. 4,661,888 and the cover of U S. 5,294,826 require 5
attachnent to a ground pl ane using loFeadhvéiibR0ds such as sol dering
to a grounded contact- point or connection through a conductive gasket
or nultiple machi ne screws. Thddeld efthedavention| ude ti ne- consumi ng,

addi tional steps. gy invention reldtbs tﬁ%ecﬁ%?k@eﬁgyésaéﬁ%m&ﬁﬁg%éfﬁﬁles%ﬁth the
conductive encl osure, nay Pe'in the Tormof a continudus [ayer or a
di sconti nuous gpriedent passégeas elactrmmaghnetivaytradio frequency) intexfevence (RIF).oBsclosing|
mass. A continuqus, |l ayer,.such @s a lic nlat I s.t.he . .
effective for E%“cgﬁ?%ﬁoﬁllbﬁlﬁ $ 5%@“&3%"%%%%{%0 ué‘)@ ipgafn% %ss?ﬁl?t%c\?vwbtgs ea%ée)cgg EM .
However, when ugssexgibliesdShielditig covers dertyeifthm shinpedcoahmsite sheéts comptising pr ocess

t hat significantly jngreases the Xi mum.voi d di.rension. in the

shi el di ng | ayer NOTSYAYER hgso?ranaom@aqqeggaﬁﬂgm "é“ﬂggg‘fam Jrg%lﬂvamfﬂi’use
faulty EM shi ehgfheerelats i@ memisder atacHinestidldiag dovegs thgroundplames & provde d si ze
I ncreases in_a varleté Qf .ways .including, e.g. when the grid is

stretched of0bycoraplsls Sm?lﬁi’i‘gf%‘"é?ﬁ“ﬁ' or other processes that can break the
grid structure. Previ ous disclosures reveal ways of

produci ng and shapi ng sheet mat er Dascribion of the RelediA#e covers that have EM
shielding capability_ typically using electrigcally 20, condugcting |ayers,
whi ch are required iﬁleﬂﬁﬁﬁ‘;wﬂ’f&t"? : m_‘e’fg"mc sensmﬁo?”é%?&ﬁ%?“@%‘l“%. _
Patent No. 3,72 ded&3, refiliftGbolation by ShiclifdScoverd afid YRMAdplanes to pitfidct HeldeWREA! | i C

sheet which is _f_abri..caﬁi\eld by ext r,g“%jn a nolten streamfroma -
metal lic melt i A%BreYsmt dapags i diesi Yreoait« Shiglding spvarsofisndneindeatg 11 m

about the 15 _eB@ﬁiEﬂﬁFd’oﬁd&iin%El@m@ﬁtﬁPmibf@@Jﬂmogﬁé ARMfetyef ddmpdstagrent s are
allowed to solidify, and 25 TtThen collected as a nonwoven fibrous mass. The

mass of fil amencentaigingbeth meshend pelymeric materipl ars kpownder use inmanyaredand
gi ven strengt'h BypbAcisNompbsites maf hiRAE thedlliPhE Bm fBfSmous sheef, 098t e .
' . perforated sheets, mesh, Wwoven screen or non-woven webs of randomly distributed
fibers. Similarly, polymer strucﬁires, combined With the various forms of metal, may
20 °iriclode films, she'éts, perfbrated sheéts, woven material or ndn—woven layers with
random fiber distribution. Regardiess of the metal/polymer composite used, it must
act as a shield for electromagnetic and radio frequency waves. The interference
'céﬁééd by such waves in electronic devices is commonly referred to as
' eléctromagnetic interference (EMI) or radio frequency interference (RFI), hereinafter
25 jc&hﬂy referred to as EMI. . |
Effective EMI shielding requires the formation of a uniform conductive
enclosure aréurid the EMI-sensitive or EMI-emitting device. United States patent
B 5,294,826 (Marcantonio et al) discloses a combined heat'dissipation and laminated
B ! eldmg cover which absorbs enérgy by magnetic effects and electro-conductive
30 effects o shield against electromagnetic interference. The laminated cover combines

'\ layers of metallic copper on either side of a magnetic layer.
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U. S. Patent No. 4,689, 098 (Gauhan) discloses an EM shi el ding sheet
conprising a | ayer of nonwoven reinforcing fibers which supports a | ayer of
metal 30 whiskers or fibers fornmed froma ductile nmetal or E‘E/'US?JIJ?W'
The EM shi el di W§99/5795 sheet is suitable for shaping of covers

st anpi ng. Anot her st t. [S In

U. Sreratent No. 4, 67 er ﬁg\(}s sg)?sg mqﬁﬂﬂgl lﬁt?ég {eﬁ@xr&ﬁ%‘?ﬁa& es
that, "The shi elmﬂohg thcan}selo nﬂseldgbhmngow am;pparaus; eigt acxsdmtdiodrmg:at

ef f ect I veness

PCT/ US99/ 0708g  Saies mulipiedpiegratod sirouits. Such a housing js described in IS, 4561 858 Ky
further states, t(fessell et dlpl ’B&Housingzdfu.ﬁoﬁﬁb,m ang tieecover of U.S. mmlre@idey

reduce shi el di ng,,” i t refers tq.t ari of t he i.el di ng | ayer.
Such st at ene%t's%wg%fm%@‘ﬁg‘?%f’ Hape %‘t"é{F@P 8‘ §§‘3’sﬂst38f‘?8"?% Of srupt

fi brous Ig&imddfd@ntabl‘m’kloﬂgoﬂnbﬁlohlthﬁﬁgi zv\dsvnﬂtibnvb gaskBoraidifipef EM

shi el di ng, resul ts .| n_poor l.ding effectiveness, of the netal

| ayers. There i &4 ﬁa’efﬁm lgclp%(ﬂm%consmmgf qdgitiong)stepsy anent
breakage to a mini rrU!ﬁﬂndﬂlk’l] dhildii@Riérdassociated with the conduehi A BicSure Smay GrhﬂiEt hod
for form ng shaped EM _shi el di n stru adLures hi s form ng technol ogy

was devel oped i rﬂh“tfﬂg"’ﬂ%‘!%ﬂmp?ﬂl’ﬁ YT otashiscopiinfopsenidy suchas e ametal mesh opbj ect s.

I't invol ves 10apindnwéVeiBblous Bietad fHass) QOEChtiRBRIS 1572} isQh f.ﬁ%ﬁ;} rce to
10 distort a sheet intg a shM%ed obj ect. St arr%ygfolse plastic ﬁgia%ak c%é)rposme

sheets may mostefirctive fopE edt‘E‘S%ﬁ“ﬁ‘b@P a8 existiomllew passageof EMIly t he
netal shi el di ng HAesr, Wﬂﬁﬁhﬁtﬁ,‘v“mﬂﬂugﬁiwﬁfeﬁﬂﬁ%éﬁﬁﬁ tcgs%tﬁquul us of

the plastic, aIIovvlnglt to I'Rg conposite
responds to thesmx@f eseaasesﬂlgmmvgxmddenmonheﬂmmdmnggayer,somemness

and 15 ni gh pl acti s SRR ARRECNI Sy M ettt 8 s 36

appl i ed fordé wimatgsigl VOldslzemmsmaTmewma‘ys«hclmegdwhemthélgﬁdlsnol d| ng

ousi ngs st ng. FEraPARE By damec R U of SURE o0 f sk B T

gl ass-fiber reisfeatweng | ayer, and a mat contai ning conduct ive fibers
for EM- shielding, .h areln such as ter The 20 SMC
is a flat sheet pri orﬂetg'o r%tps%;es\%}e%o‘?%rs@ Brogpcing BEP"P#/ g
presses. : provxde covers that have EMI shielding capability, typically using electncally

.20 3 conductmg layers, which are required in many applications.
. - For example U.S. Patent No. 3,272,292, (Nicely), discloses a non-woven
' _. umtary metallic sheet which is fabricated by extruding a molten stream from a
metallic melt into an atmosphere which reacts to form a stabilizing film about the
. periphery of the metal stream. The spun metal filaments are allowed to solidify, and
25:- then collected as a nonwoven fibrous mass. The mass of ﬁlarhents is then compressed
. into a sheet-like form, and given strength by binding all or selected adjacent fibers
together.
. - ~ U.S. Patent No. 4,689,089 (Gaughan) discloses an EMI shiclding sheet
compnsmg a layer of nonwoven reinforcing fibers which supports a layer of metal
30 whtskcrs or fibers formed from a ductile metal or metal alloy. The EMI shiclding
' :sheet is sultable for shaping of covers by stamplng Another stampable EMI shielding
~ construction appears in U.S. Patent No. 4 +678,699 (Kritchevsky et al). This patent
" notes that, "The shielding layer must be able to maintain its shielding effectiveness
2- -
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Mat erial properties limt the use of SMCto sinple, relatively shallow
shapes. Condi tions used for sharp draws, e.g. multiple rib formation
in the shaped panel, cause ripping of the shielding | ayen 2067088
reducti on of EM @Hﬁﬁg per f or mance. As a substltut’eﬁ?

stanpi ng, the use of thernpfor ecti mol di ng 25 nmay
consi dered. Ther HPPBSHMREE agn%e‘f%g}’ §F@§; ‘gé‘ dﬂ@s%ﬂ?m%mtﬁmsm
conpri ses f‘tﬂﬁﬁﬁmﬁllﬁmﬂb&@hxeﬁiﬁh* This sBferhdnt Feldr® titealfi dfakke aﬁa&sg la }bﬁ

process includes heati ernpglastlc conposite sheet unti

becomes soft and Jych a'are@ents H@F%@F fagt tat stamping Pmcesses terh ta glismpnt fisrousacu u mto

deflect the soft efforks) BRlaking R fibors he
sheet adopts the sﬂgoge of the\ﬂ%ro s‘g!?c%(%{eméggsg%ffggg@%%ﬁ?#smt%mepoogééts in

the 30 requiried @fchawmgsqf&mwal fyesm mv@pacnmefmmsdm JP
1990- 276297 m%gab}eﬁh&gggndw f &m:%fPX lum for mabl e EM

shi el di ng sheets, enpl oyl ng of brass filanents
bet ween pl astic films Stappingisisneinethod forforming shaped EMip shieldingrstrottotels. Fhis

synt hetic resin ttgnﬁlﬁh 'Egcﬁﬁoqggf\b& ég{l&&?ﬂiflﬁ {h%'lfe%induﬁry Por%r%enrlrg Hlm metal
PCT / US99/ 07098  objects. Itfifivdivesasid,almost instantanecods upyslicatimribfonqrhanibal forcefo t he

nmet al flbers t O -ove " | cat,i,on of lastic film on
both sides of q]hedl%tgeh? apidt it %%e%b&e’&%wfbﬁ%@ﬁ%dm@ cPRBOYiR sliERts may

f ormabl e sheet. Irn:ixmerhehhngntdfsoﬁmth?plhmmﬁﬁﬁﬂgihaﬁietuﬂelﬁemmgaujvdﬂ,emmt@f the
i opean pat ent - EE-ashof tefiken i FhodBlts 3 e RS, =l iRt S Hovv whl e metabn,
di scl oses EM- shl_shietﬂuig;compiﬁtaes;ﬁbh@u‘o?the I giprebsutd) Shapiig foRE offetanipiingV th a
met al fiber ﬁ‘l itthioartlal e clgllgdln he. . cafrrler materlal
The add-on sheet ?“bsfo G S PRACESSt | of qugtility farthe metplpnds of o -
t her nof or med &t r Llﬁmmsucﬁjdmmémhmﬂéi%f €He composite! 035 SH1B - HPlisd B EleSwithout
requires that therki 0SSeSS 0 dge ?q or05|t_y when 10 thernoforned in
contact with t he HBEERPES mi'ﬁg Ading compoyRr éPMDesrovidese
applied. This ref@tﬂ&ﬁebﬁ@@&%&@ﬁ&ﬁﬂﬁ&ni&%h@ﬁéﬁ%mﬁiﬂg r&4 material
thernoformng to .inmpair the effectiveness of the EM shield. These

changes i ncl ude .fPERKSY8 a gen-woven, glass-iber frinforcing layss, apdmamaticppiainingand i n

extrene cases seRahdictif¢fibirs fof EMIBhildinFRhéld Yogether with Qi-&updu'éﬁ 9@1,619&%5The
EM shiel ding.” Wile observin pr ogr essi on

o o AN et o b i o g i i oRIEE s
.. Material properties limit the use of SMC to simple, relatively shallow shapes.
Conditions used for sharp draws, e.g. multiple rib formation in the shaped panel, may
. cause ripping of the shielding layer and reduction of EMI shielding performance.
As a substitute for stamping, the use of thermoforming or mjectlon molding

25 may be considered. Thermoforming, as it relates to the present invention, comprises
_heatmg a sheet and forming it into a desired shape. The process includes heating a
~ thermoplastic composite sheet until it becomes soft and pliable, then using either air
pressure or vacuum to deflect the softened sheet towards the surface of a mold until
... the sheet adopts the shape of the mold surface. Upon cooling, the sheet sets in the
30.. . required shape allowing removal from the mold. Disclosures in JP 1990-276297
.. (Nakanishi) suggest the use of vacuum formable EMI shielding sheets, employing
sandwich structures of brass filaments between plastic films. One embodiment uses a
non-woven cloth of synthetic resin to reinforce the brass filaments. Reinforcement
-3-



stabilization of the EM shield during thernoform ng.
Depending on the nelting point of the metal fibers, it is possible for
fibers in an EM shielding layer to nelt, and rupture undegﬁﬂﬁ

stress of stret chl‘Y@”éﬁ?&szshapi ng - during thernoformng. |f |§%9|’°e’

mol ten fibers break in clgse proxinity to _each 20 other the liquid netal
may flow to for mlavqk@papedh-almcbmge&ﬂ)ems'@eﬁe@o the nentwqven web. Applicstipn efy

fibers. Al sone Risht fidh it sidbs OPle eifSyal RERIHg Ihfcs carngfetes%héu%&hﬁ' ent

to bl eed through the surface Cont 1 nued
fl ow of nolten ndpeeble Sheet infernation frem| t19BMWsn¢&Ud§eneeYldm efibeng

outsi de the pl angefditidd glg"i%qégr. uan ooI ing the defect is
clearly seen as a s ?n @fptrﬁgltarﬁggh a%ervacu |sc extending from
and di sposed dver the%mﬁmt@t EPIﬁ@&%emmﬂmﬂmxgtdmthdxeénstam application,

hi o1 di ng becaussE b B il M dn R, AR Ty ol Fifira fber
formation, draws matableast partiallynenatredded in the cawrier matc;mu ﬁ@etaldé—oprsbéetspromde

causi ng reduced SHNE are ddi ti

current conducti ng, 4‘5’%@% gwﬁresﬁ%?‘gg‘%(e‘fd’?g% PE%F‘S% afe%TFQé“B%}P‘&n?P%\%“&%éEP P cal
30 shorting prcb';bseadd-oﬂ sheusyeqmmﬂuheylposscsiordeeﬂmpmﬁwvmcﬁr odevices in
the restrict sual | cia th hou |nsf ectronic
assenbl i es. éol i (erm ofr ugﬁ?l& ntactvy’ﬂ‘al@%ﬁ‘ %‘E’Wa}% Vﬁ}"é’c‘k‘%‘“’f”@si n
f|40W when t he shlapphhdnghmakmcdaldraseanhaﬂgeﬂm can occurfiﬁhﬁthﬂd:rﬂiderﬁihé%' ding.
pCT/ US991 O7CB8 | - PP the ﬁéwerea%%m% shipld,) These\ghanges inclyde, hreakage of ¢

enpl oys an el ect rblenrﬁﬂlgquﬂmdmﬂmemmdmﬁéxﬁéiﬁﬂbaseﬂeb&hﬁoﬂéﬁhéﬁléﬁpﬁﬂﬁﬁ to
contain generate gres nt, a rr| e té@{'iig‘plété-}%g “@B’leroi%M At the
same time the colly8 H’g?ﬂd el gAYINg ant act
with an el ectlﬁonlmmﬁnﬂaeﬁmagidg%ﬁ&ﬁo&&h&é BhoRevilRié ST nicandTak bptitfdrh ON-
However, %ﬁg@J ve E I di ng enc| osures requr re electrica
continuity betvve %ﬁgﬂl shiglg durm fingyr ound pl ane associ at ed
with, e.g. a priited Dbpﬁﬂidgon-fﬁbxﬂ&hﬂé?éxﬁtofthem&hleﬁﬂeid i‘t@épds%lé'f&tﬁ%ﬁf the

shi eI d, but all QW SSW or, el ectrjcal connection to conducti ve

el enent, -comonl y® melf; any mwmﬂsmeorﬁmﬂ@wm@mpmg
speci al connéct érdﬁ:mmd&hﬁﬁg ylfsuﬁicmsnateﬁm&e bR lbse pRUAIFRY 8 tchy

control ling :%ia &‘hl CKJ ess of insulation covering the el ectrl ca
conducting sHlel’ (9 metal may flow to form a metal droplet by coalescence of muitiple

molten fibers. At some point in metal droplet development its size is sufficient to
" bleed through the surface of the EMI shielding layer. Continued flow of molten metal

into a droplet produces a defect extending outside the plane of the shielding layer.

*- - Upon cooling the defect is clearly seen as a shiny protruding bead, bump or disc
25 extending from, and disposed over the surface of the thermoformed structure.
B Eon'naﬁon of these spheroidal protrusions can adversely affect EMI shielding because
. the flow of molten metal, resulting in their formation, draws metal from an area
~surrounding the protrusion causing reduced shielding efficiency in that area. In
"+ addition, current conducting, solid spheroidal protrusions cause potential electrical

30 - shorting problems if they contact circuit elements or microdevices in the restricted
4 §pace usually associated with housings for electronic assemblies. Solid protrusions
7 can also interfere with injected resin flow when the shielding composite is an insert

- for injection molding,
4-



mm the need for, special connectors may be elimnated in favor of a sinpler

t her mal bondi ng techni que, also referred to herein as heat staking.
Several alternative solutions have been attenpted to inprove thepctuseomross
ef f ecti veness WO B57¥Bnduct i ve fi ber based EM shiel ding. The formation

f | d h fib
ol et oal Coontiiot rvi Mol asbared EMIdBRtSed Hi¥lE ool RSy RN e
ext en_si _bi lity ﬁf eldﬁﬁ:nﬂ)ﬁhﬁkﬁﬁtmtuﬁpmmt ﬁlahﬁgt enafab ?HMb?rp&@emwhzmhah?nIgmtedk
contal nin Suc e met a S anno e er or o.U rea | n
comy NG S Tt Ee s et Bt Sond gtk ppebrst e sk Flsar "9

thus reducing th&mhaneleo&’amelc&hﬁgaeﬁmﬁﬁbyml {a dbvide®s makfirRtioh. Ha%oa
required in thermfornmed /th the, i ncgeam ng use of

advanced, EM s er?@e?ti‘(?eE &‘t"h‘f’%‘?’ﬁ’?“‘&s Frauize glgrtdgal continuity Betwern @ shap

materials for Shmxéwme@{bmﬁmﬁe%mafeaw&ﬁeg a Prettsd Afthit! Imtmmdajnably
protect electronic assenblies hods to _shape EM shi el ding covers rely

upon the us eclestricabingplatioa of the,shisld; but al %ﬁﬁceéﬁg’ﬁé@mP%"Pn’éﬁ"F‘E? tafheg of

the ol dabl e coﬁ&\{eacaéaaﬁ&ut&nﬁmu& nihpls@wbﬁindfc%&u{e%edm ot her
cases the shapes require 2 nposites w't Tty to retain shielding

capabilities everspmdmommmﬁummba it was mmddhaobmarei@léw eongelingithh of
300-500% Thi f
11D CoRidesObF xhs?ﬂiﬁ‘aﬁ ?%\%Pﬁg Hﬁ'eﬂﬂ ically c?nfaﬁgmg%hm, ¥ fekkcﬂ)h'ﬁ 6350

thelnventlon conprising at tICS car erfal,
supporting a | ayenmgthe neaddforspgcialiconnectons may, b¢ dmmdeVMals1mvlyethsnnal

1200 202 bl WS HELARTRI e S 09 or i o
Conposi te sheets of. t [Several altematmcesnhths lqwobceuheattcmpted weithpEdde thé effeativengss
porT O TCE DY g BB ok PESA g, o B PR it
into the conpidsi thenddiseween the fibers i 1mproves elW@él/cEﬂcﬁﬁﬁwty, but reduces overall -~ - :
N th Toss of ev tedi el ofthe pidElial; Gt plbd BelRr e sheed o
i ntegr.i.ty throug monmnjpg melasmagd neetat ames casndi bk ¢hehaoforhedwithout breakmbmany :
o o ot 19 RS el oSSl Bhecd SR PRl S 0
sheets,. prior artshiekding p:dpaﬁes&sh@berts&aelntaﬂgs &fquﬁéd)h&héﬂnﬁﬁnﬁédlﬁm t 0
oLl 26 SUc) Shoct o Rl e B, VR LA RS ST
prior art struct Lfﬁﬁﬁnpr&&ﬁmﬁrﬁwm shbpify it BMA slii@lﬂﬁlgﬂibirer@ﬂf Mousings that reliably
' - - protect electronic assemblies. Methods to shape EMI shielding covers rely upon the
use of moldable composites. Many shapes limit stretching of the moldable
composites to shallow drawn structural features. In other cases the shapes require
25 E coﬁlposites with ability to retain shielding capabilities even when complex shapes
. demand localized elongation of 300-500%. This condition is possible using
| composite structures of the invention comprising a thermoplastic sheet of carrier
material, supporting a layer of randomly distributed, low melting metal fibers
- stabilized against fiber rupture and development of bumps during forming, by means
30 - of'a coating (fiber-coating) of a thermoplastic polymér. Composite sheets of the
N inirenﬁon provide improved EMI shielding performance by maintaining the integrity
of molten metal strands during thermal shaping to introduce shallow to deep drawn
- features into the composite sheet.
-5-



provi de effective EM shielding but to control.it in such a way that forned

structures consi stently show al nost no eV| dence of undeS| rabl e
features, such as tears, holes, 10 breaks, and spheroi dal, l}] égg}aﬁ)ss
such as beads, buww%muhe Iike The current |nve

di scovered how to stabilize rando oriented netallic fiber mats to

mai ntain fiber conti nﬂnﬂgﬂ@l@r@d torehilenys, associatad with dass PHEMH shirlding, when

th f d

dual O benet ieztltditl RIS gl iboRERAD beaihd excCBbe RAPKERAMES |
potential for codiberiwparation amgsnermmmm $1mfcséps3fwhé? elainting ENL

shi el ded struct Ulpg g'rlgtc?fefthveness ﬁ@%&é@&ﬁOHbrﬁra%); %ﬂﬁab‘f@%ﬁedéaﬁé‘io?gﬁ and

conveni ence accrues connect
shi el di ng covérs admcmawhme ofj popertieptending to stabilize such sheets against the

Summar y of the | %r 0l O&ltlmed above. Also th%?s &rﬁ%? e&fqyee\%-x ng%fssﬁieﬁﬁgg EM

shi el di ng encl os surroundin roni cC asse
conponents used tperf(bmxalmetcbfefommdlpmmnmwucamk a&mmdhrgly,ﬂmrelsaneedmahlyrtong

g ound bl an. 2SRRI S RRe§itF Futnd 3R h ooy R sk

devi ces of the - conslstaiﬂyshmainmmmﬂﬂahgeofﬂndesk’ablelfdm@ mﬂasmrs;ljd;lag;l |y

exi sts as a npQsi t e, .} her nof.or | e n str e conbining a
non- por ous carr i M@qs%eﬂéagpﬁ‘?g{m%’?ssﬁgl %F‘%dg‘g? “oriented, |ow

mel ting metal fibers. mharfmthkrexfwxbafssomhowtost_asiuibeiaamdmlgldﬂysmahremmed-

by a fi ber-coat terial, which. ma coat ed r|,or to or, af.ter
attachment of thﬁﬁ'é’f‘ﬁ?“?‘?‘ﬂ@@@lﬁ ?f&'“ﬂi%m&ﬁ’ﬁg'éc ¥ consistently provide 1o
shi el di ng cover Qﬁerﬁlbﬁanhéﬂ/ai%tsﬁﬂthl haimtnapRMling dapsHikty/ ThisREntibutes dual

t her nof or m ng of e uding. an EM s The article
conpri ses a 1930 _ "P@ﬁsé}a £§WF&FJW°W?WE§W&% PoreRtal fyr 208Nt
the carrier slseetsaﬁuga’&dmfaduééaencldence oﬁejeationfdflaﬁemed §tAictirédthfiehe met al mat,
are essentially free defects, in the orm spher o] dal
protru5|_ons and "Ef"i"ﬂg’F’H* mﬂl"Bglsa‘E’éﬁta“ F@!§W¥P§ﬁ°@“@%ﬁ%s€9fa

- 6- s&ﬂn@?&%dm connect shielding covers to conductive ground planes.

PCTI US99I O7OSS . substantially surrounding the fibers. The fiber-coat

may be sprayed on“to the mat or, as a th ﬁlbl e, sonetinmes heated | ayer,
may be pressed izto the.fi brous rret§@=%m-9€_—'e
) The present invention discloses EMI shielding enclosures, for surrounding '

’ ’f.f- EEN I

220 ele_c_:tr_omc assemblies, components used to form the enclosures, and a method for
.. - combining the components. One embodiment combines an EMI shielding cover with
a ground plane associated with a printed circuit used to interconnect the devices of the
- electr_pnic assembly. The shielding cover originally exists as a composite, |
B thermoformable planar structure combining a non-porous carfier sheet with a mat or
: 25_.. . gnd of randomly oriented, low melting metal fibers. The metal fibers are
- substantially surrounded by a fiber-coat material, which may be coated prior to or
affer attachment of the metal fibers to the non-porous sheet.
.#... . Theshielding cover of the invention is a shaped article formed by
. ..., thermoforming of a planar sheet, including an EMI shield. The article comprises a
: 30 ., on-porous carrier sheet, a fibrous metal mat adjacent the carrier sheet such that the
....,, metal fibers, forming the metal mat, are essentially free of defects in the form of
- spheroidal protrusions, and a thermoplastic fiber coat, less than 0.15 mm thick,

-6



substantially surround the netal fibers, and such procedure nmay take place
before or after attachnent to the carrier material. 5 All

conponents of the c osite planar structure nelt or soften at - pcrassemross
t enper at ur es IovveWot"HE??s? he tenperature of thernoforming. At thernoform ng

tenperatures, the vi sco of .th fte | ber-coaj material s hi her
Lhan the  C° | Subapfigihyfubronading foe dfberto LF ShpToREoRE b DRt g e,
shi el di ng sheet %Bptmﬂ& somenmésfﬁé&ﬁﬂ‘ﬁifeﬂﬂ{ E%Wmfé&héﬁ&%ﬂhbwiﬁbﬂﬁ
formed into deep- dgawn shapes wi.ith 1Q . pockets having stretch ratlos up

500% substapgiallssimtopnd the anstal Sbprseand sugh Proggdirs ey kg plapslak pro

t her nof or med or @Y d¥@chment idte cattieOmaderiflor ti on of an injection nol ded
structure when placed, as a planar_  sheet, or pre-form into the

mol di ng cavity prior Al ogpopentspidh Q?Q#POSIWPI@&SW"WWHIO"@P e vari ous
enbodi ment s of thﬁn_rﬂr)]é?ﬁ’t%l%{lﬁﬂ‘ﬂert | M 4Rerdmoformilg t he
fibrous netal mat | eads direct ‘i/‘ to the lrrprove nt s assomated W th
t he ~invent |tenpqrmteedhmusqoemeﬁ o srftgnedrfiberenet materidl ishighar thanghe t he
e i Ders Ul sty of thl 1A 4P theTAAA Hok P PETA ol AP0

‘tenperatures, of fI rupturet results I n spheroida
protrusi ons by cdmpweémﬁlmﬁnmmmmuhenffomdadﬁoakemdrawnshapeBm&rs Lack

of disruption,of t s inproved retention of EM 20
shi el di ng foﬁoco ggl"{ﬂag{ OFHE |én5vignt|on Presence of the coating
over the _netal ﬂhbaaseluhg:mmpnsueelmtmatemimd)t1tslelfbagxeunuﬁmedmimgrbe

electrically insulate sirabl.e to establ

S Jd h
el ectrical conne@P%We&%o@nOf@BﬂFcugﬂ o'éc?eglfﬁracme when a§ﬁ BhAd #%H)ﬁhﬁfth&r EM
shi el di ng encl osyreformSinehthe atvlding cavity iptioptoeésin imfeciion.eadi | y

achi evabl e. In accord th, this ui.re t he |nvent|on.t ches,t he
formaton 25 01 A Yaiops s e SETRP el e bouE Of R BB,
pl ane vi a contsr olofﬂie fibrous méthlmdtnm leaids mk&ﬂylﬁsﬂk&hpfwﬂbﬁsﬁsssﬁﬁ&d {with the
facilitate direct, attach r|n heatin th

descri bed her ei n. B¥enfjgn,inc ’ﬂﬁ‘ rpreven“&ﬁwihedg?taﬁ?mt‘ﬁ’é’gg terms.
have the fol| ow-Iiandligod gssential absence, at thermbfonnmgﬁbﬁpéﬁmm, offfibefuptipéthat and
"fiber-coat matrix" are non HS as used. 30 her ei ?FW refg; to that

coating or mat er i Gl  PIptrysians by goplereencs @ from adjacent
netal mat, provi ditegs. Slaabbfdlﬁ-ﬂﬁtidirbf&ﬁﬂilﬁb&,métﬂ & dheafs inppdvedreteiidncyT BNEL al

?g[l g h © rsm) E gn}or composite sheets of the invention. Presence of the coating over the
- metal fibers further results in shiclding covers being electrically insulated.
It is desirable to establish electrical connection between cover and ground
'plane when forming EMI shielding enclosures. Such connection is preferably readily
achievable. In accordance with this requirement, the invention teaches the formation
25  ofreliable electrical connection between cover and ground plane via control of
. thlcknass of the insulating fiber coat to facilitate direct attachment, during heating,
using a method described herein as heat staking.
As used herein, these terms have the following meanings.
e 1. The terms "fiber-coat" and "fiber-coat matrix" are synonymous as used
30 herem to refer to that coating or material which substantially surrounds the fibers of
. the metal mat, providing stabilization thereto, to reduce flow of molten metal during
thermoforming.



PCT/ US99/ 07088 WO 99/ 57952 2. The term "carrier
sheet” neans a layer which is attached, by various . means, i ncluding
mechani cal nmeans, heat attachnent, adhesi ve attachnent or the "E&mswmoss
to the netal nat WNQ9957%r-coat. The term"carrier material" ynonynous.
3. The term"nelting point" as applied to a netal or netal alloy neans
5 that point at whiéh th@hmmf'camphpst"memeeéﬁmrwbﬂchmmheé,byvmuﬁmt
onset. The netal hi s
poi nt . mean; mc%duﬁrﬁ ter m m?@)é#?%&acﬂﬁxeﬁt?%gﬁ%ﬁ&%ag@h@f&it}gethﬁe,
associ ated with ite theghetalgnat and ﬁbdr-icems'l’tw term{'eamienrmateniad” iglsynomymoish t he

pol ynmer becones soft gnd p

S " fect"
refers to the phenome%on t ] meltr%%%mmt fasi@h%dmmtzﬁf?nﬁé@s%@y%rag%gh a
gi ven voi d i s Sdepksatgeint ato:vlutﬁihe netabbdgimsfto bemmconmltea,ilen,rﬂyemblt onset. Tighi metaki on

d h | f | h d
pass much mor e ERF A g ek s Sl ekl Sisholitl s i meni ons

haV| ng many ti nﬁs th@hateﬂﬂ"mﬂ:emhgepmht"mfupbﬂmer is associated with it glass A
"spheroi dal protrusi, I s a defect he and, s us 15
with a bunp or b&%g g‘f’ n {STPSRINE Fhoye, fvhi ‘%ﬁb’ %é% F%g&é%groace of an
EM shi el'di ng céver Fhé efm t'sistleffoétOrefers b thSpEéhoﬁﬁﬁﬁﬂih&ttﬁ@@rﬁbmﬁbf

coal escence tal produced .on heatin t

t her nof or mi ngotg%éfﬁ? nﬁ‘E‘Mgh a given veid;is dep “é?‘?@gﬁ s‘g“' ‘é?g’é'g%%
around the def ectdirémdidn¥@d R6Cin thSiofDareR ¥f the ¥6id, such that & 06 lor thinWolEmbBy
contact with CII’CUIt el ements _orm crodevices in the restricted space 20

usual | y associ at S@ssgh ‘%‘I”E@MIGWPE@HQMW void with smaller dimensions & erns
"fibrous netal mahanydiks tHeked oftHeiRih vORE " are synonyrmus and nean a
mat forrredfromrretal filaments. The term "cont act
surface" refers to thé& porf @betpﬁ%eromwﬁhsFéﬁfiﬁm’semphﬁedbbm@ypwmal
fiber closestst o 'willea kg breadHeRbosed Metal, projecting beyond the  SAFF: a%@é{?nmt act -
edge” refers to the flange formed around the perinmeter o

t her nof'or med \EM" stigldinggoNer aftsry tprmoforming, chhé%feqatspmtrbnmmeofmoltentrace
of the .ground:pk aﬁm%auaéamﬁau@ta&wmmommofmmgt&%mm@eamrm die
profile edge" is~a narrow, divided or continuous ral projecting from
the heating bl OCWWWHF%GQTWM@W%m&evmﬂé@nmtcam

edge. =~ . ffshomamewmmcmmem%Jrqﬁlbﬁaeﬁsés%&e%éaéaeﬁ'ﬁwht
unl ess speC| f i cal |y noted ot herw se.
20" usually associated with electronic packages. -

. 7 The terms "fibrous metal mat" and "metal fiber mat" are synonymous
RES and mean a mat formed from metal filaments.
8. The term "contact surface" refers to the portion of the mat of randomly
. oriented metal fiber closest to the carrier sheet.
25 9, The term "contact edge" refers to the flange formed around the
i perimeter of the thermoformed EMI shielding cover to bond it over the conductive
trace of the ground plane during heat staking.
10.  The term "die profile edge" is a narrow, divided or continuous rail
- projecting from the heating block to provide localized heating around the contact
30 edge S
e All percentages, parts and ratios herein are by weight unless specifically noted
otherwise. '
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PCTI US" /07088 Description of the

Dr awi ngs Fi 1 i s an expl oded, perspective view sh

al i gnment of par tWOP¥/F7 at staki ng an EM shi el di ng cover tp%wP 107088
ground plane of the printed circuit_of .an | ectronic assenbly. 5

Fig. 2 is a cross sectional view s@%ﬂ%’&f@—iﬁ%of t he heating bl ock
of a st aki ng t ookigt sz%teﬁﬁlbdéﬂ Wﬂwlsnmgmgﬁ@t bigar@for head
circuit of an electronic : 2a|s?detall
view of a secti offakingan EMJ shlzldsqmvwgomra%'mlw Q?@tfé’”&?"'dt%m ofan heat i ng
bl ock. 10 electronic assembl Detai | ed Description of the Invention

El ect r omagnet ic Int erferencey( EM ) shi el ding of el ectronic devices
requires, in?5 t hBiga jscrqress sestional yiew showieg positigningiof therheatingsblogkof a

interference si ggaiuﬁﬁﬁf@ efdabissh m tLer cob&i%o @iﬁ\rﬁrﬁﬁ‘ea chaﬁ%ﬁnve?écu%c

i mpi ngi ng from exter sour ces adirate potenti al damagl ng
el ectronmagneti c agsembly. A suitable form of EM shi el di ng conprises an 15

encl osure surroundi ngg %s‘i% Q;&,&%S%@A,yﬂm;[% ggﬁJ,vﬁﬁghfer#I,ﬁlLQﬁg&b’ﬁﬁgm

i nvention has sewver s Sul tably conne
el ectro- conductlhanxg&mm*ure ar ound t he assenbly. Required parts
i nclude a ground plane associated with the electronic assenbly and an

EM shi el di n? gcover; electrical lﬁi%ﬁwgcﬂg!g&pifttﬂﬂ(n%ﬂﬂﬂd pl ane. The

basi ¢ concept of conblnlng a shi d plane to provide
a 20 shiel di ng encl oEleceomagnetis isterforeade (ENDisbickling of Fleetroic dévieasireduines, in

features of thi Stl%ehmajonfg gﬁ},&% gri'n&&ﬁi ﬂﬁtﬁlpcﬁsqge Bt J;ul:é.'ﬂ%&a?%/&&g?z?gd th eaée

of attachnment to Nt e lve
shi el di ng cover ﬂmtdymcas&gmahveshr Snpinging ﬁmmm@qsthamdmsmmmug

rol'di gt echni quismeERF SeRrathen i MEPRE 4 Sty iy 47 oA oBieille ShbriSbesm
herein 25 (13) rrplendesuaa auronnding aheletironicsisenbly. aThemclonpé afthe cupernt ymeention
ol oot 11 cal 1y con RIoTeralpers sl Fomptelieh e B a5 b eondtol e proup,
pol ymer fi ber - otlie assdastilp nmcpirhcypamrmduduh g}guﬁd]ﬂaﬁd desurciutedfwithithe efetibnic
T T oo e P BV Bl e e s e by 1 19,
this tenper at ure Thebgsc co’ixeeptbf&mﬂﬁnmglatslﬁeldingmooemm g‘ouﬁmplaﬁrempnmwit en -
" O G At pROSE” e i TS o S T
* invention reside in the shleldmg cover and its ease of attachment to the ground plane
ofa prmted circuit. Effective shielding cover matenals in this case, must meet EMI

=Y

" shielding requirements while responding to shape formation using a variety of
moldmg techmques EMI shielding articles, for use as shielding covers herein )
250 compnse a carrier sheet, usuany a thermoplastlc polymer sheet, a conductive EMI

Lo sh1 eldlng layer in the form of an electncally conductive, randomly oriented fibrous

"metal mat and a polymer fiber-coat substantially surrounding the fibers of the metal

imat. The metal fibers comprise a low melting metal or metal alloy, meltmg mma
" tesnperature range from about 70°C to about 370°C. Within this temperature range,
30 fibers in the fibrous metal mat become molten as requu‘ed dunng thermoformmg
Coh irprocwses related to this invention.
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PCTI US991070SS In the absence of' a fiher-coat around such
nolten netal, the influence of surface tension, creates a tg&ﬂ,ﬁﬁmﬁﬁr
the netal to fl owWOmM$5%95¢| ow di srupts the filamentary form €

fibers. Consequently, unconstrai ned, a nolten netal fiber is
susceptible to inter ad theabsgneerpfafiber-cons proapd such amolten metal. sheinduensaiofs c ed

beads of metal  Suiefdterdd{oR bridlesd téﬁdeh&' for itte%@ttt% ﬂetv qpaéefto%t me?ugts'tttet ers.
hi el di ng nmat

The process of coal escence redi stri butes rial with
the highest net alﬁlmmfmqu&h%&mn@ly,unconmmd,bmttenemabﬁmr A%

material is thus d@shitd @ThdAedH it SHE AU 1D BrdaBaLbollible beads of AHAICES

the EM shielding effectiveness net a area
cases of Smetthet gfavbiarsizedak dismeter of s&xtmbnﬂhmﬁcxsn The proagessoff aordsscerice et al

h il J
hase caces v SPisfiEREAINEthilling fd-aflie fn WACLARLA AR S 1o bid
Avoi dance of coalmstddezk Shuebdmgimteﬂhldsthuslostﬁpn@mem&moandingﬂn&eaiwhmh of
f t hat { t t f th EI\/I
per f or mance, a (ﬂmgsthn% ﬁe[%mgﬁg r"%?"'sesgﬁfﬁ‘(ﬁﬁ“e&lr’!‘ﬁﬁ/ﬁ] tZlon rci.%%% er

shielding arti cl &8
may be substantlaifh;etahﬁbmcnﬂbﬁdnde)exﬂxﬁltunmmédtaimaﬂdsdfmldtzﬁmhavgte&}urftilbers |n

a formas sinlar as th of . the s Thi s may
be acconpl i sﬁe’ ‘?il?‘ﬁtlil VE@%WHM“&J“%PB%?@%%% %lﬂmg 1s
fiber-coatnateri ahimxﬂﬂllhﬁ&hzshalm ﬁxﬁaﬁdf@uﬁ!#ll Avéidarie of Bsuldstdngé Brovidies them

coal escing netal , gl{‘%ets P | ber - tgglt .and nﬁﬁi‘{l‘?fi ber mat
change shape dur i'ff§ro¥ CARSiNiency of perfopance; that distmgyishesthe preseptyi | j zes
the nolten netal ihveatén B otheNEMS shitldiniglafifglesThus, 20 growt h of netal
droplets, to a |level ﬁg&se they woulg EI eed through t he fi ber-coat

causi ng ‘bare met al sp besubstantiafly gliminated by, |
Reducti-on of- nsimmﬁh@tﬁllrﬁaalmdrssmﬁtrm%rsﬁﬁﬁrh@ﬁosetbte&b%& bOfhE SolflE Vi Ces

becane rel ati veI y I nsi_gni ficant pr obl ems, for fiber-coat stabilized
metal fiber rat's g Thismayheageamplished by substantially, surrqupding ghe-fibers-withithe

t her nopl.ast i c, . f.ifliea-éak fafAlalP@hiH Bikts AR \dbildy BPE Bks to meeabgcttrg%n&hat
exceed the vi scosmé of mplten nmetal fibers during thernoformng of

the fibrous netdl - Aibe Sbercroatqndimmety] fiber mat chargecthane duniag thermpforming,
bel i eved that t hahe fiber-chit Ab,CARliARS Béinkliien SR BBbSarTinRRIBIRN ] hat

mai ntal n metal f| bers | n filanentary
metal droplets, to a level where they would bleed through the fiber-coat
“causing bare metal spheroidal protrusions, is much less likely to occur. Reduction of
EMI shielding and short circuiting of electronic devices became relatively

insignificant problems for ﬁbet'-coat stabilized metal fiber mats. Suitable materials

for the ﬁbef-coat include thermoplastic, film forming polymers having melt
- 25 viscosities that exceed the viscosity of molten metal fibers during ﬂlerh‘loforming of
_the fibrous metal mat. While not wishing to be bound by theory, it is believed that the
fiber-coat provides channels or passageways that maintain metal fibers in filamentary
fex_fm_ while molten, during thermoforming,. Application of the fiber-coat before
thermoforming is accomplished by varied methods, depending on the nature of the
30 inéte_rials involved. For example, a non-porous, thermoplastic sheet may be softened
* then combined with the mat of metal fibers by pressing the mat into the material until
the fibers are substantially covered. Alternatively, the fibrous metal mat may be first
coated with the thermoplastic fiber-coat by such mechanisms as softening of a solid
-10-



formwhile.nolten, during thernoformng. Application of the fiber-coat
before thernoform ng is acconplished by varied nethods, depending on
the nature of the 30 mat eri al s i nvol ved. For exanple, a non-por

thernopl asti c shedOM794%e sof t ened then conbined with the rgc%{'?@”/ovoss
nmetal fibers by pressing the mat into the material until the fibers

are substanti al | yosbsRrREag of liayid eeat ud tae likey and then dapsconted amat may beaitadhed to
first coat egﬁ%&heh%}%mp bfsihkSive, bP6f fof il thBYaye Gttt B@%g{m as

softening of a s

WO 99/ 57952 conventional means. The extent of burying of the coated metal fiber mat depends
PCTI US99107088, ﬂtil";xdi G | lép d
then the coated ma?on eytﬁ% esﬁﬁ%ﬁﬁg Q{aﬁ’dﬁﬁ BCar rhigr qﬂpgﬁ yOfrrtgé;ns

of adhesive, dr ofonfposits shgets,tpeew‘axybrrd;smbgdmﬁayrbmoldtdmrecﬂy mthout@igniﬂuhf onal
means. The extent t fiber depends_.
upon the thi cknesdslg}g #h&ﬂgg%@; s}é%la £ 95 qyﬂ%tﬁ%??ﬂ P?‘foﬁﬁ%'ffei"?ﬁﬁe%bl i ed.

Any of the 5 . coapoai N&esém’éﬁdc anmletsldemrsﬂ,ytheleanen laget camrby phoeided Wik chdded
directly vvithouttﬁ%lflc di sr,up on of t EM .shi.el.ding lLa er
due to the non- porous Rat ?"é“S’rWPWBHEXr‘?. ¢ same or ditferent chemicgl cpmposit

article is desired, thepreferredembbdisent sfakersfonnable EdM shieldinggiéed used forthe
t hi cknesses o{ carri % whi ch rra be, of or different chem cal
J oh ok Belyerhan

conposi ti on. invention compyisss g f ?’e‘&eﬁ atss SYPRERRG @anstal fibst met of
shi el di ng sheet s lowaaelfigy til/biemi allby Abats { b&tbd&ﬁltﬁ)éthﬂeﬁe AnflacktRfibeAssk Of
pol ycar bonate, su ﬁ?ffel ng a netal fiber nmat of | ow nel ting
tin/bisnuth all oy‘%g B PN (RERAUeE, Vheviicturs, hus desaribed, pesssebetween

appl i ed using exthedd afp roR&H B CMESdiffildion Sfithé/fbdt'cBat thidligh M8 $ctdl Hper mRASSES
bet ween heated ni.p roll ers to cause diffusion of the fi ber coat

t hrough t he net alloVpds theagrier sheet.  owards the carrier sheet.

An al ternatives pref er rataRrRad pRfkired hb%&&\éﬁ'&{é ﬁ%n@i?ﬂgﬁﬂn?ﬁés ? chifef Lifekt

sheet attachéd to a netal fiber mat b er o astic
fiber-coat mat.eri#achedipa mstal fiber mat by, g layseo ‘PFWOP %Qﬁh@-wwmemmsed

in a heated plat ehylfRSinyl R&tdid. PFhed Qdlipresse surrkﬁfﬁtﬂ;ﬁgmw%ﬁt al

fiber mat- to engul f, or_ at Ieast subst ant i a

fibers. 20 ... migratgsfhrgughythe metal Sbenmat o teast substaritially serraund the

i ncl udes fouyr_|I ay@g@m{.g)rl si ng a carrier sheet, a first adhesive

| ayer, a met al “fiber mat and a second adhesive |ayer. ‘Application of

pressure, frod®a-heat daaghirknsefersedenbodiment.dhe invention ifidlades Sourdeiiessiomprising
from both sides of cabdfi? st 2'firfiBlihesi 'liy%r, B HbePmbd %@a%&&%@&ﬁé}ﬁve%ye&.he

fiber mt to
... Application of pressure, from a heated platen press, causes inward flow of adhesive,

. from both sides of the metal mat, while promoting firm attachment of the fiber mat to
;- the carrier sheet. This embodiment may be further modified by including electrically
25. - conductive particles, in the adhesive, to facilitate electrically COnducti-ve pathways
- between shaped, shielding cover articles of the invention and ground planes
. associated with electronic assemblies. Conductive particles include but are not
S llmlﬁed to, metallic powders, metallic granules, metallic beads, metallic flakes,
-.: metallic fibers, metal coated powders, metal coated granules, metal coated beads,
- 30 metal coated flakes and metal coated fibers. : :
o Each of the preferred embodiments, previously described, contains fibers that
. - 8re substantially surrounded by a thermoplastic resin fiber coat. This aspect of the
' invention distinguishes it from prior art structures including metal fibers either
-11-



the carrier sheet. This enbodi nent may be further nodified by including

electrically 25 . conductive particles, in the adhesive, to facilitate
el ectrically conductive pat hways bet ween shaped, shieldin over
articles of the iwoessiosn and ground pl anes associated w tgqgrmswmnss

el ectroni c assenblies. Conductive particles include but are not

limted to, net ahahiquindﬂelmegn lapérs bf thermpplasti¢ Hbn onprtédilyiembeddedin netal | i c
fl akes, met.al | 3‘8 fi bers net al coated powders, netal coated granul es,
nmet al coated bea Lcoated flakes and netal coated fibers.

Each of the preferredEmhﬂdéafqnlymmhmﬁrhlﬂisymdm&baﬂmmmsahmdibbme

Thi's aspect. of t R ed toifosk B FieBeninl gpick RSO T Bbrd BNG, shgesylens viss ™

s'& ?L uctures insl Udtd‘lv%e 5% 5795552 ity acetdtd) @morphous polyolefins, polyethylene,
PCT1US99i 07088 P°1YPY°P¥%H‘E}\TJP%?H%E}*‘%S'&F%ﬂé@wer%bgr%elb?dh?%@sﬁ&l'&é@h@lWﬂ m or

partial ly embeddegksiuie sensmve hdIRSIVEDpalSretharies Styfene butadxene rene copsBARYES Of
polymeric materials useful as fiber-coat materials include, but are

not limted to tAyEmekthyleng propylsns Syeprcopslmers sbzlmnamethyl asaylale cprolymersn as
et hyl ene vi nyl SIyﬂie?saﬁQBGﬁo‘lﬁﬁéﬁ Md@ﬁhm@&?&l%@rs aRTBSgNRNSs, including

pol yol ef i ns, Bolyethy?ene pol ypropylene her mopl ast’i ¢ el ast oners,

hot nelt adhdQi vawpleiganhydride, serwlicacidand epoxymo dified polymesadsopolymersdhesi ves,
pol yur et hane, .St Kpaifusterd fitkxafiien] EVAfiste wax, and 5 MCHENAIEY| ene

pr opyl ene styrene copolyners et hyl ene nethyl acry ate copol yners,

grafted pol yner's biends, avisres and alloys thereof.oWaile sepicallp therfiberceat and-eapieryshest or
including 10 : ngheic, i Eéé}g“ ﬁgﬁp
and copol yners, llfaéi.ﬁw)ﬂ{/est e??é‘?fg%%@%dl% rs % S%gélgetgﬂf)&ldﬁé
paraffin wax, an(ﬂletsmlcllf ired. ncl udi ng bl ends, m xtures and alloys
t her eof . Whi. I t-ypi ca Q?al.é: gﬁﬁ; m
material wll gd ffer Fg%plélgs\??@oggﬂes?r pr opeﬁgl es in nd °a b a!"lf
t hey could b&- mthmwbahmehiwmmlﬂmbelowabomlﬂ)f’@;rwichssof pol yrrerl c
mat eri al s usef uksy et THAN | 2o limted to
t hose havi ng a, §8?§'en| ng ﬁ(%?lﬂ{ah%%ow a ou%gﬁf@ldh % E guc% ‘
pol ycar-bonat'e; amlmmwmmwm@owmn@mmyma poip&her imtida, ene
arylonitrile cop hl er
T der S Do BB ehs Bolyehel BhitbEDiene Halstiud inchnbeielE Rolyfer &
t her m)pi asti @Opdlcg-eelyesta‘s like] for example, polyethylene terephthalate, polybutylene terephthalate
" and polyethylene naphthalate, polymethyl methacrylate, ethylene butyl acrylate
" “copolymers, polyacrylonitrile, polyarylketones, polyethersulfone, polyphenylene
* ' " sulfide, polyurethane, styrene butadiene styrene copolymers, styrene ethylene
- propylene styrene copolymers, vin'yI acetate, thermoplastic elastomers, grafted

25 * polymers and copolymers, functionalized polymers and copolymers and the like,
* - including blends, mixtures and alloys thereof.
' * These polymers and copolymers may also contain fillers such as glass _
" microspheres, which are especially useful when acrylic adhesives are used, colorants,
* antioxidants, dyes, and the like in small percentages such as will not disturb the
30 - electrical performance or EMI shielding properties of the article.
R A wide variety of metals and metal alloys may be used in EMI shielding
 sheets of the invention. A useful metal has a melting temperature in the range of
**70°C to about 370°C depending on the carrier polymer. Metals having the
-12-



20. co-polyesters |ike, for exanple, polyethylene terephthal ate,

pol ybutyl ene terephthal ate and pol yet hyl ene napht hal ate, pol ynet hyl
nmet hacryl ate, ethylene butyl acrylate copol yners, poI yacr ybepisksogress
pol yaryl ket ones, WOISYEPf%er sul f one, pol yphenyl ene sul fide,

pol yur et hane, styrene_ butadi ene styrene copolyners, styre
propyl ene styrenépmwﬁﬁﬁélp&g tegy gésel?‘ﬁ@ %b ea%t”i‘a 1?‘5?%
grafted 25  pol aspa?ﬁﬁtmmbmgfaae atma%haaﬁtm&gdexﬁpHrmé seqaﬁdd for the

copol yners and the ik I nCl udi ng bl ends, mxtures and al | Qys

t her eof article. ﬂxe@nlemﬂ wistively lovameltisgmpatals §°T#E€ymé>P§’G°%‘—ﬁP§'fhﬁ fillers
such as gl ass hﬁa&feun\,ﬂtaa&maﬁﬁhe&aﬁﬁmhhm sedittm k) mikfurdsi C
adhesi ves are usg{f, col or ant t1oxl dant s and the like in

snmal | percent égeﬂwmﬁhndﬂ:ewallbymaihe@llgx gHoBp MRy bSGUEIéFfé%dbSI dlgys B@M@Mﬁance

EM hi el di t f
o EM S 1 0G0 S g v et sty SBRREL Y
i nvention. A uset:qtpermﬂw,kakmkctetdbahgpxﬂemeﬂkomﬂllledmﬁeaﬂaﬂgelwfbe able
70[err] C to about, Z10f Sl GofRR AW RRubiFmR L ROL¥REs, VBt Al S havi ng

t he WO

99/ 57952 . Thermoforming procedures used with improved EMI shleldmg, composite

PCTI US99/ 070 ropr.i ate | tinq.t.enper el ect ed by
one skilled qﬁ t ﬁléeegﬁfﬁgdnmﬁ n{’%‘é&?mtlu&qﬂ%ﬂ pea?ﬁB%F‘ ﬁmﬁa SAERIE e

at the thernof or evengf the sfamphig\preczedsa elevated (eppetanee. Instead,ahéprefeﬂedﬁleﬂrqdl es
of relatively low nelti netals for. u In co S| of the ._present
i nvention i ncl udémﬁ'%“?'gﬁ'atngMP@E&ﬁ‘em nF'?ﬁﬁhﬁ%]sfmg%P?erW
lr;1xt:1|res 5 .t haededs,or avghs Ideated oﬁuﬂqeys;deshmeahmymmwommet,manﬁtted
y al l'oys contai n|

als with higher pe s, ingluding such
metal s as anti moiYt m%@%@gﬁm“l’“mé&ﬁ éﬁg éf’ B§B$ e%%mﬁfb g‘f‘ N
and iron. Thgse. skﬂénb@%ebrmatmmﬁmwikha@h@%ae tabh@hcanondfaaaﬁtnmtth@t her
alloys to fulfill E‘P |te nelt te erat ecrltg{th
Ther mof or ni ng pr&"i‘ﬂ GbﬁmCPH‘PP gfe itiptimgte; contag)
sheets of the. In\bemeb@thednbeﬂatdmaﬁbmmghwm@ﬁmw&mv&m&taaratv@ﬂﬁl bl e

st anpi ng " even |f the stanping, oceeds at el evat ed t enperatur.e.

| nstead, the prefieet i the moldy it is possib emal 2k RSessyre £9 wige thesheetimtodbe ¢ he

conposi te sheet Mdamg@%ﬂm&%hﬁﬁéhﬁm surfaceas%fdreemsermeymeh@mupn
ei t her side of ‘the sheet. After absorblmﬁ heat , sufficient to

suitably sof 28n, tthfee%ﬁts be replaced by amaleBoldfyitahle designed forsitherpressure ofe g

bet ween-the 15 %heet and the nouth of a shaping nold, the -

application of vacuum to t
pmg, by thermoforming may result in significant stretching of selected

sections of a composite sheet. Some aspects of a shaped article may require elevated -
. temperature elongation of from about 300% to about 500% by the metal mat and the
25  carrier material. This places a strain on the integrity of the metal fibers which lose
EMI shielding capability if they rupture. However, in articles of the invention, the
. . . molten metal fiber, substantially surrounded by a thermoplastic fiber-coat shows
. .almostno tendency to flow and form spheroidal projections. As the softened
_coniposité sheet is stretched, the molten metal fibers, stabilized by the fiber-coat
.30, matrix, retain continuity. Metal fiber-to-fiber contacts not only remain intact but, as
.. . the fiber-coat stretches they are fused together, to improve the performance of the
... EMI shield. The existence of multi-fiber jurtctions causes rigidity before
..., thermoforming. This may cause disruption of the EMI shield during thermoforming.
-13-



nold draws the pliable, conposite sheet into the nold until there is

I ntimate contact bet ween the sheet and the nold surface. Wiile this
met hod uses vacuumto draw t he sheet into the nold, it is %%ﬁgﬁlo%sﬁo
use external air MOMSIASE to urge the sheet into the nol d PG

contact with the nold surface as beforg. Al.so,_ the female nold used in 20
the exanpl e nmay Sonvasselydhafonmationefmyltiriber jenstionstisy reralfiof theaméformisgt her

pressure or s 10 " i o form ng
may result in signi ??écégﬁa[ ‘t'ogl? r e{ cﬂfﬁ%s%?ldlgéraéﬂné@q @ﬂh@ﬁiag%%’ﬁu% %éggf a
conposi te sheet. SoneRempikebly, eyen with lam pnsulating ¢oating oy fibery of the nedtalwnadted

t enperature el ongat) af sid 9 % . 500% by th t al. _mat
and the 25 car r%%é{rrﬁ%a er -af@e%?}g[h&%é%e%iegmg@g%rnmg ﬁ'gt’ﬁér?‘m%epge et°§aof t he
nmetal fibers ®hi phintedsircuit, may b&kitablished| whilgjattaakiag iheishigldidg ¢dverytoranpt ur e.
However, in artic of the . nvention, the . ol t en tal fiher
substantial |y suFlegé?ﬁ%ﬁssﬁgblﬁ’ Sihg, Sopuog sppnection techriques, sgﬁg'ﬁ?xeat Staq“n%ﬂ?‘ost
no tendency to flsonic sveldidgo Thisypbwidesiacignifivang adeantagecompared e eilidriradiiets
conposite sheet is stretched,, the nolten netal fibers, stabilized by the

fi ber-coat 30 r‘ﬂﬁ?dftf’?} FE&F%IPH"IGWF%- {b\}‘f’hmfis’ﬂw’ﬁﬁﬁ&#%%ﬁt acts
not only remain issidedrg tbdigroudd point, bridiife bétwve&l ehvep hd ouhd Sindvith
fused toget hcir,_. to. i%ove the performanlﬁe of the, EM shield. The

exi st ence of ful @icoRqusHYS: shi gasketandaaulfiipginy sqcyripg pianenclosure with machine

t her nof or mi ng. ThiswiRve ®iBjésEo Aidifiohd proBesdktepdle EM shiel d during

t her mof orm ng.. - . : ) ) - 13-

WO 99/57952 Any method may be used for electrical connection, between the EMI shielding
PCTr US99/ 07088 cover and 4336ti@éfbukturdsirotiasd R isplcddfpolilet to éﬂtpgﬂ bard'fetal ONS
as a result of - .thernoformng enhances the conductivity and shi el di ng

capability of t h &ibem A} exainple: 2 hea staking temperatures, theryaetal flbery xhibitinereasedh an
Cont | nui (3 bapnerimsareliayeR fhefonindf pibine: (¥Rlcont, The bas S it capges.
printed circlit ,fhmryetelé“@mtasngrgwému #nélmaﬁbﬁrﬁgaﬁx wnsies thie énfliicnes afover to
heat st aking ang Phuce TEE- it sfplcitof AIRiCPRAR T el SEITPALER IR Cage
conpared to_edr Tjﬁé’ﬁf%t bR?G@mg exposed atdits sutfagerrd awdilsble forditecteomtastagaingt  Such
br | dpi ng Dot ven e ARt Bt foped menl §e7 This i B pli e dEMER |
shi el di ng ga$Ret timedeqnied forheatistaking @osarding tef eatlier discloswer Effedtivh eleatricalne
screws, are subj ghinebntd dhdpb AibiePLARE fivertlonlquires that the thickness of the fiber
"7 coatlayeris less than 0.15 mm. Thickness control represents an important
" consideration to the surprising execution of electrical connection through an
o insulating fiber-coat. Using shaped covers, described herein, the connection to
25 - gﬁ)und occurs simultancously with application of the EMI shielding cover as a
"~ housing over an electronic assembly. _
Figures 1 through 2a illustrate application of a shielding cover using a heat
" sealing process, referred to herein as heat staking. After placing the EMI shielding
_ " cover 12 in desired aligdment over the electronic assembly, application of heat and
30 pressure, through the heat staking tool 14, bonds the shield to the conductive trace 16
* " of the printed circuit 18 of the electronic assembly. The conductive trace 16 is part of
the ground plane of the printed circuit 18. A completed, covered assembly includes
* - the printed circuit 18, supporting electronic components that are surrounded, and
-14-



Any met hod .may be used for electrical connection, between the EM shiel ding
cover and associated structures, provided it displaces polyner to expose

bare net al fiber. As an exarrpl e, at heat staking tenper at Urgg.y 88
metal fibers exhi MAMS®Reased 15 hardness relative to the softenedstgl;}670
pol ymer fiber-coat. The hardnpess differential causes the metal fibers

to mgrate throudfetesie by thrsbapediEMI shielding covend2- Baad fqmlﬁ*émmceuréfbetweenﬂle
appl i ed force. Wshm&rgaddvslanmpﬁheawmﬁww adHEiBR, M@gr@ﬁ&h&ﬂ HindereXi 1

t he pol yner fiber-coat becom ng exposed at its surface and avail abl e
for direct contadlongdbs seatact edge 20 of theEMh shiclding sevend2.: The Abereppaesinl net al

fiber. This condigdwdesRg g&,gnf,gémqgﬂhgmctg@g eZg. e required for heat
st aki ng accordi ng to earlier disclosure. Effective electrical

connection toSshaped &peqessfidslestricaleonnesgionof the shislding eover 1 to thhessemblkness

of the fiber ied
represents an |rrpm*t n{llsﬁl%ﬂgegtgﬁthgrﬁ%?]%{'}?ﬁgcﬁgmum’pr| Si ng zxec&{“ﬂoﬁ of
el ectrical conneandtdfibersinthgtvicinity of the canductivattiane16 oﬂhe agsembly. Benoyalsifaped

ConetPaniosc " B SRRl b e o BB et

housi ng over an éllﬂaheatmiungma:bl y. F| gures 1 through 2a
illustrate applicatio shi.eldin v ISi N seal {hg
process, ref QrBr ed to eefgtfelt%“gs atipchcs aﬂ% 1&{% f‘g’ﬁaﬁﬁ‘éﬁf Agrinted c‘éﬂ)’f‘l is'

shi el di ng cnsmglahi:ét stalmﬂ&emldddo piemgélm:ait aoleast atpostionl of Glie ;ﬁaﬁhfetea%ﬁﬂﬁm Y,
application of he d 30 ure @g he heaj . st aki ng t o0l

bonds the shield® co(\{%r Alignmgnt pfthe gontagt ége&or‘ffﬁl?t 18
of the el ectroni mamewvyuaaams ttd/&rdﬂtdefﬁsdaﬁlylo%ctﬁ@béfo&fa lym hebfle

ground plane of ted Ci |t 18. £§ cover d assenb
i ncl udes tlt“’ge"ﬁ% aRpsAER Trei‘é?’es nf'h’ﬁé“éﬁ'@@l“& d4 é?ﬁ?ffﬂ%%’t@e
'{/\;1) at9 o ;’:1 r5 $5; ur rl_du nd&tbe ofi ¢ contact edge 20 of the shielding cover 12. The heated portion of the tool,4-

FPCTI US99/ o?éaé in contact with the shielding gqver, describestackpp toranky #feyemillimeters: o

Bond formation- O@ﬁ&E Srdaad R PRrifdRr of the covep.NUS 6&' theterfl) Gie ﬂﬁﬁﬁ%ﬁg@'@iﬂlﬁ@s
circuit 18 by adhesio V|ae .. a hot nelt al ong the

contact edge 20 oF, eseRption g EIP?@WESf/@PS‘fgmBmlﬁ‘M@PhEMFS‘m%l n-

provi des the. bonghddificaléefor aptirhmishiRldi b6l 1204@6hm&ht to fie rinted cirouit 18. The
Successful el 8Ct ri.c connection of the shielding cover 5 t he

assenbl y, ?E%“%H@W&%%E@HFC @fclwl%wmto thB&ﬁlQ:QﬁSFz?em n,
substantially . SUWMEQ&RG ofaBﬁBﬂlnﬁfcbb&rﬂtb B phiied ¢r&ditd, aeYProfil dge 22

conductive trace 16 of the assenbl enmoval of
raises the temperature at the contact edge 20 causing the fiber coat to soften.
Pressure, applied to the heat staking too! 14, causes metal fibers, of the EMI shield 12,
. 1o establish metal to metal contact with the conductive trace 16 of the printed circuit.
25 _ Softened fiber coat, d1splaced by this process, flows away from the contact edge 20
thh some collectmg in the space provided by the groove 24 in the profile edge 22.
- Absence ofa profile edge groove 24 causes inconsistent electrical connection between
| 'the contact edge 20 and the conductive trace 16 with resulting variability in the
. electrical resistance of the connection. : |
30 The benefits of EMI shielding composite sheets of the invention may be
-+ extended to other applications following the discovery that the planar sheets or
.- thermoformed preforms, made therefrom, can provide EMI shielding to injection
- . molded articles. For this purpose, the EMI shielding structure, either in sheet form or
-15-



i nsul ation all ows contact between the bare fibers and the conductive trace
16 during t he heat staking process. 10 . Heat st aking
attaches an EM shielding cover 12 over a printed circuit 18 Hsv

heat staki ng t ool Wo4#98W5hreci sely heat at |east a portion of theP(foTerl rr}é?og?
of the shi el ding cover claose to the contact edge 20. Alignnment, of the
contact edge 20 W#iefmo Om‘edPW@EP@%W&?I@E‘WQ‘%‘?@QBUE’Bde‘FJe‘f"HSﬂpﬁ‘?‘ O TEHR i t
18 usual Iy occur faiygx‘?f’ﬂfiﬁr@ﬂ%s\’d 13¢kr BEBMI shielding R51854136 pAPHH the &dctibn aloldiaat
requi res design of the heat staking tool 14 according to the 15 shape of
the contact edgeSt®twe. t he shiel ding cover 12. The heated portion of the

t ool , I n contac | fﬁm’ ' | . imiitbhel O
only a few mllinmet ergh%bght{og\n?s e, ﬁ'yﬁ%ﬁ%o?ﬁ?éﬁ%&r?x%?ﬁhggﬂcﬁgﬂég%{ Usgte of
the term "di & pexdmples. edge” 22 al |l ows further description of this
portion of the.staking tool 14, which needs sone nodi fication for
opti mum shi el di ng cover 12 attw_?&iﬁisg&gﬂg&%ﬂdﬁgﬂi t 18. The 20
nmodi fication appears as a groove or channe machined rnto the profile
edge 22. Dur i ngStmaples ofiEMV] shiplding materiple magde according to fire folowingr i nt ed

circuit 18, the Eﬁ%ﬁxﬂkﬁ%léggfw&gevduatefdtﬂgﬁh&ﬁl%f&rnﬁﬁl%wgaﬁfe%%&I i pﬁxecont act

edge 20. causing t er coat to so essure, a to the
heat staki ng t.oolsameishaping comditions.aln farticulas moddedtEMI shiglding cewer saraples were  t o

o e b ot 190 Eked Ul ASholichihe I6SORAAE d8AR Bl (|,

away fromthe coptomsions)gesfice defects andifor BMbshieldingeffectivgnéss. t he space

provi ded by the groove 24 in the profile edge 22. Absence of a
profile edge-grooeve 24 causes i NCOngieiKblr Mkt Al connection between
the contact edge- 20 and the conduct resul ti nfg variability
in the el'ect ri cEabricaionsaifamon-weven metallisrshess involves 8@ steps of extrudinprae

benefits of EM: ghj P‘l Nd IR ' -0f. g Y i _
extended to ot hg?@étg% 1 cations ioilfbo@magggs&e a#ggeovery%ﬁgfh e planar
sheets or - 157 wrandpmelyf ariented npt of metakfibens; trkingvarectb avoid fusion tetwedndibets\at
shielding to.inj et O : e d.arti 0 ' ose, the EM
shielding str uc-fi%?%#de}-i it e sﬁ%ﬁﬁ%?ﬁ%@gt&ﬁmatg% 99/ 57952
PCTI US99/-:07088- .. _thernoformed preform is inserted in the nold prior
to injecting thel ' | ayer. This provides a | ayer of EM

L n
shi el di ng nateri al _asﬁm b he "lﬁ'l-ﬁglta'h r :
The invention is™further 'Ii}n eni&stt 686 y re?er nce to T eﬁPié)r%’lﬂgl\(/i\llﬁérélé£
non-1imiting". ., Previouslydescribed. The fibers comprise tin/bismuth alloy fibers weighing about

20 650 g/M’ and melting at 138°C.

" Polymer Fiber Mat B
" :i, | _ Fiber mat B, used in comparative Example I C, is a melt-blown, non-woven,
- ’ polymer web formed using a 50:50 blend of ethylene vinyl acetate copolymers
" VYNATHENE EY 902-30 (available from Quantum Chemical Corp.) and
25 ESCORENE 7520 (available from Exxon Chemical Co.). The resulting melt-blown
" web weighs about 160 g/M-.

| _ Comparative Example 1C
“+ " Metal fiber mat A was formed directly on a surface of polymer fiber mat B to

- provide a composite combining a metal fiber layer with a blown microfiber polymer
-~ 30 - layer. - The composite was protected on either side by several sheets of silicone release

-16-



5 exanpl es. . Experi mental - Conposite Sheet

Formati on Sanples of EM shielding material, nmade according to
the follow ng Exanples 1C - 5, were eval uated by thernofor m&q'/lfl%ﬁa%ﬁs
sanme shape, under Wh#/57952 sane shaping conditions. In particul ar

EM shielding cover sanples were 10 inspected, after the thernoform ng
process, for evi dmpe@ndmsﬁd@h%mpndssp B®laencpress operating ¥ateoperARTe %fsabout

surface defects d 1
Vbt o Ei bar vt PREG, fldedfoad Bt 5419 3%gb bRAallY 860 the mefal Sibers into the polymer

metal lic sheet i riayﬂrvwﬂmMelmrepﬁrdﬁasemupmtegted the metalrﬁhet%ﬂnomtsmémngfmém a

nmetallic nelt, di t
random y ori ent eodsém‘tégg’fﬂo%?ftmﬁ%‘gfme?& I ng c@%?? av0| &?um on e€ ween
fibers at 5 pmubsesluezﬁlylthermnﬁwmbdstmeaneb t hereafter aI | ow ng the netal mat

to cool. Met al Rjher nt ai ns
randomy oriented neta ﬁ%mp@%g&g%mof%%l ‘Q?S)Poﬁsgﬁf’%e The

fi bers conprise tmmmmbhaxﬂhdpmedted;mnﬂommxﬂélﬁllltyeiﬁntﬁ&ﬁngtmbwnr] and
melting at 138[er

r Pol yner Fi ber
Lsed in compar &t Ay asr ety Bofous Sirperes Shaet B hrrotormiscis desrribed BeibpT . B
RATTERE E$S'933 ool 212 pa O Mirdagh o e prevertit GBMEnkioh Of O BONSE Shect
av l, a rom ant um an
ESCORENE 752019 a\/‘gﬂﬂ&ﬁp PRI XA B B RS %EH;C‘&?*H&RF@Q@PWH& $ADIRIE BEGwn

web wei ghs about doafbirkdMiielf 4 dontinuous sheet of 0.25 mm polycarbonate prior to the
Conparative Exam e 1C Metal fikher mat_A was fornmed directly on

a surface of pol yihermaforging pReratigny !PsPﬁUBUPﬁ@eén%rﬁ&G%W@%m?fﬁﬁmé‘gnet al

fiber layer wi th gyviligirfitedefictsuspitadidaiprottions, 2 Shiny DAR ntMIREdst © Was
protected on either side by several sheets of S|I|cone rel ease
-16- B unprotected by electrically insulating fiber-coat material. In this example the metal

15 ﬁbers were not substantially surrounded by a fiber-coat.

Example 2C |
Fiber mat A was formed directly on one surface of a sheet of 0.25 mm thick

polycarbonate (GE #8B35 V/M - from GE Plastics-Structured Products). A film of
0 15 mm thick ethylene vmyl acetate (BYNEL E 418 - available from E.I. DuPont de
20 Nemours), extruded at 235°C over the metal fibers, provided a sandwich composite
whlch then passed through a pair of heated mp rollers. The chromed steel roller, next
- tothe BYNELE 418 layer, operated at a surface temperature of 113°C with a silicone
: release liner interposed to prevent sticking of the layer to the roller surface. A rubber
- roller, controlled at 96°C abutted the surface of the polycarbonate sheet. At the
25 ' pre\}ailing temperatures of the rollers, there was insufficient polymer flow to
" substantially surround the metal fibers. The appearance of the laminate provided
. I:eyidence of air entrapment between the layers of film and the fiber mat. A '
- thermoformed sample, of the sandwich composite, revealed evidence of bleeding of

molten metal to form spheroidal protrusions outside the ethylene viny! acetate layer.

Fiber mat A was formed directly on a surface of a sheet of 0.25 mm thick

~ polycarbonate (LEXAN 8010MC from GE Plastics-Structured Products). A 0.20 mm
-17- |



WD 99/ 57952 .

PCTi US99107088 paper and pressed for 5 seconds in a platen press
operating at a tenperature of about 70[err] C, under a | oad - 454
kg to partially dwowestse netal fibers into the polyner I ag’/&"pgﬁ%ﬂﬁ

Mil tiple layers of release paper protected the netal fibers fromsintering
and di st or thickfilmbaftethydsne wiriyt acetats/ (BAAOVEL Ectly aysilablet frorh E.IENPaitidel di ng

ef fecti veness of S 4 C
The resulting colr\gpe'gosulr?’e S %ggﬁ}? edf %%@gﬁ%ﬁg%%aﬁﬁa%&&%%ﬁ@e% Gewees PP We"'_er
combi nati on of alyenpFhsreseitiagicompasitsdhen passaditeravsbcr gap pkaboyt §158 moyformed by i ¢

3' own bed bpfl_ymneﬁé/sﬁhmﬂgaam@tx $ilidoHe Riease JBVRR lovér el ik BENtARiNERAL BRINEL
escri pe e

w, because air passes throu t he sheets preventing
def | ection of gt h 8deQfthesamposif EY s“a%'lﬁ’aitﬂ’ "ﬁ%{lﬂﬁ'cat i on of vacuum or air
pressure. Therefore, this conparative sanple was conbined with a
conti nuous sheet of 0.25 nm pol ycar bonat Expmpler4 t o t he t her nof or m ng

eveal ed surf ace. def oheies FOgE bRy mi Riy-aRond GHEANIOTRUC AR BE Plasicr-
beads unpr oSeudterdd Byodattsrwas aled yithrethylaniviny] hodtete (BYINEL Frpd18ravailable n

]E ihler ?éggpl_ et hefrongltéi. Dlu?’ont]c deNemout$) 'ts'a thic %&%%baliatrhﬁl 7 S%{Srlrug;gg%?a%ng%t a

ol year bonat o (Gl AERIE VL Mo o B B el aes Ot net el B ool et 1
gf Y 0.15 agpioRt the af&WF%WL% ‘%EEPF{IEEHFE&“%Q& °g?%§}l?‘g?ﬁﬁ%ylf rom

E.l. Cl?ugont dédZchr]atMEB_ E41€>ﬁbﬁil&§ﬁo’hﬁﬁ23§h%ﬂthmﬂﬁd ﬁrs),hﬁtrmh' &k_zisic’tz]«grs,
provi aea a sanaw C conmpos|.te : I'ch fhen passed tnhrou a -palr o
heated nip rol |_epgqthqungeﬁ¢5m1§pgé4m7rb§epl@2ﬁ1eﬁqumnhyer§ fdensvil £ 418
| ayer, operated agetdle.SThe reiuttidgibRfposite thén gsseikBloffk 4 Gapbfidbodt (530 fmONe

rel ease.liner i nierposed to prevent sticking of the layer to the roller
surface. A rdBbepetween astec rolicr and g packep rbbes rollss dommipg pipgollers operating @ of

the pol ycar bonat 813¥0ee! silié¥netrflBasé 2over,UveMBk sleRiGoll @ W Basting tBS BYNHL$de of

rollers, there was insufficient. polymer flowto substantially
surround t he nets3he cPMPasits, preyvent giatthe terfase | ani nat e provi ded
evidence of air-.entrapment between the |ayers of filmand the fiber mat. A
t her nof or med "sditpl e, of the sandwi ch compxainpRk.5 r eveal ed evi dence of

bl eedi f-sw - I ' f h i dal ' ' h
bleeding of: & ol A 81 O DRSS bl BB VY, 5

Example 3 20 ° extruded afi778C ofifdimebal iibEr ot AB%hich WaSSupporesd by Silidoné Belpf a

sheet of 0.25.mmt hick . ol.ycarponate (LEXAN 80IOMC from GE. ,
Pl asti cs- Struct ur af"m’aa'ﬁeﬂg)rj;r%m@?%%' Pasping them through chrome plated steel nip
-17- . . rollers. A 20 cm x 20 cm sample of the resulting composite was placed metal fiber

B side up onto a 30 cm x 30 cm sheet of 0.26 mm thick sheet of LEXAN 8010MC
. polycarbonate (obtained from GE Plastics-Structured Products). This composite was
25 . pressed together in a platen press heated to 100°C at 455 kg for 10 seconds. The
- }esulting composite comprises a polycarbonate carrier base, an intermediate layer of
.. Elvax 350 and a top layér of tin bismuth fibers substantially embedded into the
" surface of the Elvax 350.

Example 6 _
39 _ Two sheets of acrylic adhesive were prepared as follows: 3M acrylic adhesive

» RD20789 (available from 3M), was mixed with 1.2% by weight of 30 micron diameter

-18-



WO 99/ 57952

PCTI US99/ 070S8 thick filmof ethylene vinyl acetate (BYNEL E 418
avai lable fromE. |. DuPont de Nenours), extruded at 23 5] eg%}&s@/
the top of the newal9sstdsers, seal ed t hem between pol yner .

resulting conposite then passed through a gap of about 0.50 mm forned by
ni p rol | er silegreoated gigssaphet@lobitained] f&ym Roktérs bdnﬂn’es,étcemimmﬁ,rNJ over
the roller contagtin he. BYNE e .CO ite e

sticking at the Icl]r:’l?fe'gr rgéwascoajt‘edontoa&egofgélu},ghner sin; ano’tch%%Xr&taEgata
Exanpl e 4 wet thicknéssif 026 noh. AfizHdnyingtthe adhegiot jayer sheets tone (akleadinged OMC

fromGE Pl astics- Struc oat | e Vi nyl
acetate (BYNEL E o8t Qi3 mm,ic %s{\eegoﬂ;gggﬁ@m %W&SH‘B’&F@‘ algs

t hi cknfess of 8. 10’1ar§ﬁts-smmge&mamsl)m§a?mgrmmk 3m]9m b;?ﬁlla{;iaglrt)ﬁeadha'dm gidex t
step of conposite pre tion involved formation o al fiber t .,

agai nst the |ayerfgpe ‘{ﬁ/?l\-?ﬁ'é agqinsf fhepolycarbgnate, pressipg ‘?Fiﬂ“*“ré%‘ﬂ%?el rgﬁﬁ;flmer
ethyl ene vinyl  side and@h pbdli Bmﬁéreﬁaéé&@v&mr&r%émeaﬁrh eripiffient de
Nenours), extruded at 235[err over th of the aI f] bers,

then seal ed t hempolcabennts shy s”?ye"é’tfﬁﬁtéfl FE/P aced on top eEthg adhestyg Jayer.
resul ting Composifys sbddal aMRSvE thybd Wik tfibh dpplietdthedD@BY: nfit AadWBsdribedbet ween

a steel roller and a back-up rubber-roller, formng nip rof [ ers, .operating

at 113[18r r [pesvigusly, produsing 2 metahlayersaydsviched hetweendayersaf| copdiictive
fg?;??;ggg the BYNdsive! §fisXomposite'vifs pfREPHStvbE m%lé%%@oﬁe*eﬁé‘é Hifr & padhe
A 0.64 mm t hi ck -fthd matefial@rioy tocmessing ity 2 plateatpaess s¢tPUREINRE Ead/ﬁ@(295@90ndw 20
extruded at 177[ qppdcc onto netal fiber mat A which was supported by a
silicone belt. The two materials were joined by passing themthrough
chronme plated steel nip. rol'lers. A 20 cmx 20 cm sanple of the
resul ting conposite was pl aced mtmm_mn_QMp onto a 30 cm x 30
cm sheet of (526" MMt Ringlnctdiaah Effgh\&sé ¢ prefit HVBTRANRESs 1o the
(obtained from GE Plastli.cs- Structured ducts) |s conposi te was 25
pressed toget her W&W&P@bﬂm eslypman@@hegtm@r@mqr@sm on BaruRD tp ghangg 2
seconds. The "'y gﬁ% @Rﬂéinfo g&rmé Qﬁﬂ&ﬁ%\ﬁﬁéﬂ r
Hdr . % vax 35 anc a%h% Payer 0 off

base, an internedi ate |ayer a_top ftrn

bi smuth fi ber 5 S rmghtmqsubatanyﬂbrmwatheﬁh@etqféhe mold. Equipmgotfopthetbasic F| vax -
350. - formmg method mcludes parallel acting ﬁ-ames to hold the thermoplastic sheet;

ﬁO 'heaters above andlor below the sheet-stock to be soﬁened molds, either male or

falg, to provide the shape against which the softened sheet will be thermoformed;
N ém_d equipment for _increasing or reducing air pressure to deflect the softened
_ sheetstock for shaping.

Thermoformed Sample Preparation
25 . Composite sheets of the invention had a planar structure before shaping in a

. thermoformer having a centrally positioned clamping system to hold a sheet between
B heatérs positioned above and below the cla_mping station. Heating of a composite
-i.7 sheet may use either one of the heaters or both together. Examples 1C-6 used only
- the lower heater operating at a temperature of 538°C. Sheets were exposed to this
- 30 - temperature for about 0.5 minute.
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Exanple 6 30 Two sheets of acrylic adhesive were prepared as

follows: 3M acrylic adhesive RD20789 (available from3M, was m xed
. 0 ) . ,

Wllt8h '1. 2% by wei gwht (3f 307Sr9nSSron di anet er PCT/USI9/07088

PCAI US991 O708w silver coated gl ass spheres obtained fromPotters

| ndustries, Inc., Pargichpeth¥ cothiosite sheets of Examplex2Q3; 4\and 5 alreddydndluded aa
sheet of release |iner _using.a notched bar..coater, at. wet t hickness
of 0.26 nm Aft dayedefPrg "l"l’lg‘“g‘cﬂ?w@n?tﬁy’ le gﬁ%‘@?lg ,%‘Bﬁ‘éde&és"-‘ﬁé "hat ed
onto a 0.13 nm t@lmhgg,t of LEXAN 8010MC pol ycarbonate (obtained from GE

5 Pl astics-Structured Products), neasuring 30, cm x 30, C. | aci n he
adhesive side ofA%"ri@%‘?m‘iQn%%@%@?%méB%Pﬁ&n cﬁnq.?gpﬁépgl&}o%ﬁ Bl,ngd'?‘g si ng
it down fromg heyy Gh@ag thelclaniping structufd. dfhedhimbRemed saiplé) Gsed for evatuatiohease
liner to transfer” the adhesive % ayer -to the Q] ycarponat e .&heet. A

| ayer of Mat A was a¢idindrigal et hawing g flap cirppar %ﬁ@&"ﬁ%&&?@?ﬂ@m a cfjgular
second adhesive Laygh 4.9@:&%&1}%‘0&1%&%@' With 84 shB®land\clafpirtat ke d

10 previously, producing a netal |dyer sandw ched between |ayers of
conduct i ve suitably ippsitionedte forwan airitisht seabwith theawpaedsrelihetirqulas wallkafoet s
of rel ease |iner W%!s% rﬁm lehe2k i Fhitfl the sufabd GHtRE
press set at 455%8’1%?%28‘:% 0 gfg%)tﬁ S a?ﬁwlx{i%%g%ﬁ M L.

The Process U Téheetmuisdn plosmcontet with the mold wally Whis shapinggequired significagt

associ at ed WD LS oETHE corBOGIshOd betwebif R vpfer'elEe of the ciffuflr 4l dnll ¥

conbi nes a shapi ng her press vacuum to change a
pl anar sheet of' Boéturerhetiveen therwalidnddhs basernABer cobling, the compositegoaterdalst r uct ur e

whi ch, on . 'Cgfq%gegﬁges%ggeséﬁﬂéé ng*rf‘% f'.cates t he shape of the nold.

Equi prent for th for od includes parallel acting
frames, to hold the tHMetahfiteras¢tchingisabs magipnum ingthe corerdbmmed hyrthi¢ circulas| ow

t he sheet-stogck to.be, softened; | i . . 3 .2 .t0
b ovi det he. Chanta 85 HEbA ARt on B4 bopFabulfd lBbciiCrprerigl, THIERRG S 2
and equip rre-r_l_.tj:;:-.'_ f otherefire amsi subjectrto fibetraptary and separation during thenadforming.t When
sof tened L i E';? 1 Serts%%éonfxgoﬂmlgﬂ,agx'ter}gion of the metal strands is limited only by the surface

pad (D

- 3""_'-tension of the molten metal. Any means to preserve the molten metal in the form of a
S wt";ber will iniprové pﬁtential fiber elongation. . This is demonstrated by the results of
20 forming the composite sheets of Examples 1C-6, described below and presented in
L Tablel. o | o
" Inthermoformed bowl preparation, there was a very significant difference
between Comparative Examples 1C and 2C, using a metal mat with insufficient
" fibercoat, and the other examples involving metal mats either substantially embedded
- 25 7 in a polymer layer or having a polymer overcoat applied. Evidence of poorer
- performance of Examples 1C and 2C was the appearance, during thermoforming of
~ = the composite sheets, of metal beads by the coalescence process previously described.
.. As the metal beads grow, they gain volume by accepting the flow of molten metal out
- of surrounding fibers until they emerge as isolated spheroidal protrusions outside the
30:: - - profile of the thermoformed articles. Existence of multiple protrusions is harmful to-
EMI shielding effectiveness and increases the probability of short-circuiting an

" electronic device.
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Ther nof or mred Sanpl e Preparation 25 Conposi te sheets of the

I nvention had a planar structure before shaping in a t her nof or mer
having a central ly positioned clanping systemto hold a sheet be%&ﬁ}&w/moss
heat ers positi oneWOMS182 and bel ow t he cl anping station. Heating of a
conposite sheet may use either one of the heaters or_ both together.
Exanpl es | G- 6 used onExamples 3-6 wyereg {5ea-irom sphezpidgpeotmisions, Bhis shevestber at ure of

> SELterer 1 C. Sheet sn)Blénd¥ PROVRI& by phdiécting he &mwv&cﬁai}gga&quss&@y
WO 99/ ;57 952 embedding it in a polymer fiber-coat matrix before heating and shaping. Table 1

oo B, oty of G ST R, AL R0

3, 4 and 5 alrea nc ayer onat e
whi | e Exanpl e56 ofimktatipadd fortatiGn and EMI shicldirig efficibnnya (Tbe consistently higher Af t er

ftening. heet. ) ; ) v : 4 s
by movi ng. the. o SsL rRianEE Heahitef ARSI AE I el e SARBS TR
eval uati on, demarsstrates thie improveméntiassociabedwitipthesefEMI shielding cbwars.base of

17.6 cmdiameter wthga ci.reul ar val | extendln Jk.cmvertically
from the base. W h  FReaplEButesing oo odhssthoatoe S e oot BoeChntt gy 52
posi tioned to foadhesivelyiattadhed hiid eapabld, Wheieedsdpef esablishing eledtdcati r cul ar

wal | of the nold, vacuum was appl i ed dr aw, t he _.sheet, i nf.o the _nold
bt 1%t he sulf aoEoEcnics SahbE Rl rare, Houdh g hmtommed froph EXoRE S |

'tl)'hi S shapih ng requitiogéﬂﬁ)i?ﬂdlfhcﬁvagﬁrfaclesbypr&fsliﬁﬁfgivﬂﬁceﬁnet:ﬁ@)s_cvﬁ@ﬂsdtﬁ&éShEEt
et ween the upper edge e, . cirgul.ar wa a t j unciure between
the wal | and therﬁé??g‘f’e ﬁfsttb?“ Mdmﬁh@m%wmiﬂ%@ﬁ?gﬁmwﬁa@%e condyetyst ed
t he shape of thesgfdcendrical bow . - Metal . fiber stretching is

at a maxi mumin the corner forned by the circular 15 wall and the base
portion of the bow -shaped conposi material .. Thig portion is

e 1

t herefore nost subject to fibe e ng
t her nof or mi ng. -\Wi\EBxample [ N€| T IOVeh , 3  al
strands is limtefl onl'y by thp surf@fite) ensi o@pyf the|noky bRt 3] -
Any means t o presg ) ' ; '
i mprove potential lfiber elonghtion. This is denonstrated by|the results] of
: . | Example 2C 045 37 . 11 beads
" | Example3 0.46 | 45 None
Example 4 0.46 50 None
Example 5 0.59 50 None
Example 6 046 - 50 None

15

Injection Molding of Composite Sheets and Thermoformed Preforms
A polycarbonate sheet of about 0.13 mm thickness (LEXAN 8010MC
L _qu'yca__rbonate from GE PlaSﬁcsfstucturéd Products) was coated thh a thin layer of
20 polyethylene using a 10% of VYTEL PE 200 in methyl efhyl ketone, using a #5
o Meyer bar. A'ﬁ'er-oiren—drying these sheets at 105°C for two minutes, a séniple of
" metal fiber mat A was applied to the VYTEL PE 200 layer. The composite was
protcétéd on either side using niultiple sheets of silicone release paper, then laminated
for 10 seconds, using a heated platen press operating at about 340 Kgf and 127°C.
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20 formng the conposite sheets of Exanples 1C-6, described bel ow and

presented in Tabl e 1. In thernoforned bow preparati on,
there was a very significant difference bet ween Conpar atl .@égmoﬁ
1C and 2C, using woRa¥%7852 mat with insufficient fibercoat,

ot her exanples involving netal mats ejther substan edded 25 .in a
pol yner |ayer orVU W%BHQ%FW%WEW%%EWP@@%YEWM Te) bojtleMsing

performance of E%?dmﬂoﬁ%fiﬁ%asaﬁd@@wmtsbpzm@@dlwﬁm BUrdterdo bRk BRiag i ng

of the conposite sheets, of netgl beads goal escence process

previ ously descrwmshtﬁomabouth&gmﬁ(éom éeah%a&g@ﬁ/éwmt hdbe gempletrd| une by
accepting the .f' {}ﬁk g@inaﬂlbtvenatatemﬁéraﬁﬁgéﬂ%g‘i@ﬁﬂaﬁb\ﬁqmnuﬁ%é|

t hey energe as | at ed spherol protrusions outside the 30 profil e of
t he t her nof or ned artlcl es. Existence of nmultiple pr gtrusions is harnful to
EM shi el di ng5 ef fectiveness and i Hiscsiondoldipg ofExamp] ity of

528” circuiting a{/]\D% /5%;8:%@&3&2 §£!W£§M'ﬂiﬁxthematenal of example 7 using the

PCTI US99/ 0708u  thermoforming equipment prexionsly degsribed:  The top hastes of the hcampformer
prot rusi ons. - Th! 5aStiA ol 4ad the bortbTREUCIE et 53] CThelMhedt vl BEdtbd Betbrd®

netal mat by overcoati ng or substant rally ng In a polymer
fi ber - coat natrufonnmgcnﬁxenmpfvgnm@vm@ppﬁg mmm eTYPSheetOfsme Meas

results of t t| WEM% ence
5 of netal OI‘ITB.IOI’] an |nge enc &;F r%%ﬁmstetly

hi gher Shi eB Sicmx Q&nfmthﬁnmdeepm'ﬁuwmfdwmrmmydlt@ﬁ(mxly ihside athe
bead-free sa e r vV,

with these E&p sﬁ’fiecﬁlc’f?g covePre'ﬂ,ﬂl{m%Meg&’ﬁimg%‘?0 6:{3%5(% 0(i‘hav ﬁgé%gﬁb@ﬁea ve
coating over thesldeomosﬁeﬂaegatahvhmlmymevasmom@dhnaﬂO&mehlddxgand is

capabl e, where nhee f abli Shl 8.8 cal

sui tabl e g_rou_n.d g}\’é"" ﬁB %B’?sflﬂseefl ng‘?]' fromég %ﬁﬁgzﬁﬁcggg%{tached

to conducti vés- suLémaslmpobcabmate&bthed\ﬁodeGEmmacs ihavmg antelt terhparstnread]

resistance. 'essfgé}f& ir@om’j“eéukh?aﬁ‘e”&as%éﬁ bt IR Rtanirt REL 469, ani BB Lob1™®
a

conductive :
e tlmewas 15 s. The mold was opened after the part cycle was completed and the result

~---=was an injection molded part, of a molding resin, with a2 smooth inner surface

mcludmg an electrically conductive network of tin bismuth alloy fibers having a

;20 surface resistance of less than 200 millichms from comer to corner as measured using
- -aFluke Model 75 Multimeter obtained from John Fluke Mfg. Co. Inc.

Example 8

- Fiber mat A was spray overcoated using a 5% solution of PETG (KODAR

"6763 from Eastman Chemical Co.) in' methylene chloride. Spray application of the
25 _'oirerooat by a Binks spray gun with a #63B nozzle gave a wet coating weight of
_ S between about 20.0 g and about 30.0 g per 100 cm?. After drying at room
e | temperature, the resulting fiber mats were heat laminated onto a 0.13 mm thick PETG

" (KODAR 6763) plastic sheet for 5 seconds using a heated platen press as in Example
Y
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Table 1 - Thernofornmed Sheet Perfornmance Exanpl e Oven Dwel |

Ti me EM Shi el di ng Met al Bead (m nute) (dB)
For mati on Exanple 1C 0. 46 US99/07088
7 beads r% 0. 45 3

11 beads Exampl e 3 .. 46 45

None Exanpl e 4 Injectign ?m of Example 8 50

None Exanpl e @ pre-formed insert was r&hd8 $rom the material of example@usmg the

None

None 15 Menofpming capipmentareTiaghi fesesibage e domprster of fhtdhermoformer

Ther mof or med Pr efu&&@&atBlG"Candthebottomheaterwassetat260°c The sheet whetiaRle 7
A pol ycar bonate sheet _of ahout 13 mm t hi ckness (LEXAN 8010MC

pol ycar bonat e3f r BF@@OFP%M&“@EMW WB&I&%%I“M’S@SCGE? sheetpfienample$ n

| ayer of 20 ol yQlabrdrfia@ ints adfbstantiblly Abtad@alirlprélordlhbvid) dHREANAns S 1Y |
ket one, using a #5 g fter ove |ng t ese eets at
105[err] C for twePRPYRREely é%h&s@nb*wcm degpt sfpanevasqumww fisphgled

to the VYTEL PE 20hlap leij@cuo 0l8° TRO el o s then pgﬁwﬁ? &rﬁ:%@%ﬁe 1H%ct'1 OnI dio

using multiple sheets o ' cone retease paper, anm na
seconds, using _aHM(tijSIQ'?mﬁ%besetebwbmhmmmasrabnnted BA0704gh Azinotg

33/7[55”9;]2 C 10 molding machine. The mold was closed and the cavity wa$s }njected with a full chargeV\O

PCT/ US99/ 07088 OfViStolth&OO@cnolmylmhhawngalhtelmgnmfeef 240G Thedfijectivined
by hand-hel d spr a soI bQN fV sol i ds
?&fe@%&d /s lﬂﬁé B?ld teme\% rewas, :q € Ih % %Dﬁut 10

37P295 wax di spersion I n water
gns/ 1 00cnf err] tm&bmcme@mrlmththpmﬁphﬂMesmwasaa

sheet was dr| ed r at ur 5 r for out 10
M nut es. H&&ﬁ B8 Baft with 2 SO0 B 8?‘1‘8% &’Bﬂ&}‘w &&%‘Pﬂ
A pre-for med 15 ns aeﬂwovlasf tinghismirthaiioy ﬁberﬁhi\&ﬁg & buréice easmheoﬁless&hmdohe
: mllhohms from corner to corner as measured using a Fluke Model 75 Multimeter
o obtamed from John Fluke Mfg. Co. Inc.

Eiamgle 9 o
_ - . Composite sheets were prepared as described in Example 7 except the
207 overcoat of ADCOTE 37P295 was omitted, This was not needed since the material
did not require thermoforming prior to molding.

Injection Molding of Example 9
- The film composite of Example 9 was taped onto the fernale side of the
injection mold. The mold was mounted in a 150 Ton Demag Ergo Tech 150610
25 '+ injection molding machine. The mold was then closed around the film which resulted
in an initial cold forming of the plastic/metal fiber composite. Cycoloy HF 1120
"' ABS/Polycarbonate blend obtained from GE Plastics, having a melt temperature of
N “270°C, was then injected into the mold. The injection rate was 30 cc/s, the mold
" témiperature was 40°C, and the cooling time was 15 s. The mold was opened after the
30 part cycle was completed and the result was an injection molded part having
dimensions of approximately 4.8 cm x 9.7 cm x 0.4 cm with a smooth inner surface

including an electrically conductive network of tin bismuth alloy fibers having a
23-



t her nof or m ng equi pnent previously described. The top heater of the

t her nof or mer was turned off and the bottom heater was set at
538[err] C. The sheet was heated before forming in the ther Soss
oven for 0.23 m n¥O&Y5795he sheet of exanple 7 was 10 forned In{‘%é-gﬁ@;}b
substantially rectangul ar pre-form havi mlq di mensi ons of approximately.

3.5 cmx 9.8 cm Mme@m@ﬁ lessthan 2¢bmilligkms fow comentaromsr a3 meayed| yping

i nsi de an | DERE r@a 13/ futtidRier B b frBin YBfin ivmgmlgaévﬁqn nto one side
of the injection d t%e Si de opposite e gate in turn was
mounted in a 70 ton Ar burg nol di ng machi ne The nmold was cl osed and

the cavity was injected with a full char%l@m&l-% Lexan 141Rpol ycarbonat e

obtai ned Trom CE Pl astdnipsitditbiatheft fibbared SRR LPERIple 8 cxcdfOher 1] C. The

i njection rate was 20 cc/s enperature was 40 err] and the cool

time was 15 & mtﬁmﬁwméfmrm@twdedme&wmmwed and

the result %fﬂﬁu ?(Fmg of a nolding resin, with a
snoot h i nner sur ce |nﬁf) mgé]a ctrlcally conductive network of tin

bi smuth alloy fibers having a 20 surface resrstance of |l ess than 200
mlliohms fromcorner to corner daiesionMoldingefFxamplel0 5 F| uke Mbdel 75

Mul tineter obtained f’l‘lﬁ’ﬁérﬁ%ﬂxg&iﬂé‘%?li%ﬁglewa& 7 onto the female side of the

Exanpl e 8 was spray .overcoated using a 5% sol ution

of PETG (KODAR " injectiorsmeld. fThe filrEwss pacheatydon the moBtbusing shand theld heatgunifoor i de.
Spray applicggi o r

nozel e gave N ieRiiliflyds seodlle 1R hollnd udafited B B By it Testhdl
30.0 g per 100 cm[aarlm}lal CAIdtfenmdg of thg plastic/metal fiber compemeeﬂhemol;lwasrﬂosed
resulting fiber -

(KCDAR 6763) pl oot the Sty i Bieck AR A R oF CHoclol HEL 28 At Grponste
Exanpl e 6. blend obtamed from GE Plastics, having a melt temperature of 270°C. The inje2tion

WO 99/57952 .
PCTI US99/ 0708S: . ratewasSO cc/s themoldtemperaturewas70°C andthecoolmgumcwas 15s. The

15 mold was opened after the part cycle was completed and the result was an xn_] ection

' molded part having dnnensxons of apprommately 4.8 cmx 9.7 cm x 0.4 cm with a
| smooth inner surface including an electncally conductive network of tin bismuth alloy
' ﬁbers havmg a surface resistance of less than 200 milliohms from corner to corner as
‘measured using a Fluke Model 75 Multimeter obtained from John Fluke Mfg. Co. Inc.

200 Example 11
A polycarbonate sheet of about 0.13 mm thickness (LEXAN 8B35
. polycarbonate from GE Plastics-Structured Products) was coated, by lamination, with
. alayer of ethylene methyl acrylate copolymer (EMAC SP2207 from Chevron
. Chemical Co. - Specialty Polymiers), about 0.10 mm thick. The lamination step used
25 aheated platen press operating at 22,000 Kgf pressure for about 20 s at 125°C.
o Metal fiber mat A, was placed on the EMAC SP2207 layer. The composite
. ' was protected on either side using multiple sheets of silicone release paper, then
lammated for 20 s, using a heated platen press operating at about 25,000 Kgf and
1 IO°C
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I nj ecti on Mol di ng of Exanple 8 A pre-fornmed insert was nade

fromthe material of exanple 8 using the t her nof or m ng equi pnent
previously described. The top heater of the thernoforner
316[err] C and t he WS 2heater was set at 260[err]C. The sheet was ﬁéggl?’éos

5 before formng in the therrmf?rm ng oven for. 0.28 mnutes. The sheet of
exanple 8 was fornmed into a ul ar pre-form having

di mensi ons  of APRbTER bt el il Rofh e GMetialorxERp A usinfths Pl ¢

was pre-fornmed to fit_snugly i nsi de_an _injection pre-form

was then placed ithRo @H&mgueawpwn&mwwﬁlk%qsv - The tommr inlhe ﬂmrmeformer
opposi te the At Gas tahédbft id tE Botldh hitllWas ded ofl 5980 12Ttk WS Hleghll before

mol di ng machine. The npld was closed and the cavity was Injecte

full charge 3 omnunstbeibmqueg pwn/for ehopt @3 anitvate Fhe dlemﬁexampkdrlat ure
of 240[err]C. They ?drﬁﬁh'uﬁ@a substanti4l édﬁﬁ@g}é%%r&?.{rﬁa hak'{ﬂg diRe S per ature

was 40[err] C and the cool tiIne was was opened after
the part cycle waBproximately €8 carxi9.flom x @é&mdemsThmpmNespreeﬁonnedtoﬁtrmixglgd

resin part with u n ctric conducti ve
15 network of ti n§ EI str@eﬁim%o}a ﬁl rs %gl\?'ﬁg‘ ’gpgﬁ?‘ﬁﬁ emﬂ‘;ég% ﬁ’ﬁ’c‘&' °gon ess
t han 200 mmqldﬁlmsdcfcmmsmﬂmgzte):whlcbmmm was maasedind 0lomarburg| uke
R 50 ot S G S
Exanpl e 7 except Wahmjemedwuh/eﬁﬂMgebemWﬂﬁﬁmaewﬁt&haﬂﬁoﬂmE was
not. needed S nCe b3 TLSLY Shel tempersied oPRloe ST Lo pIRL O TG BT (O

The film conposi tie méldFempepdtere Was@boit 9p%C] aﬁmﬂecbbm: @hevas k195, Themold
injection mold. The r%leﬁé&e/a nmounted in a 1 Dema Ergo Tech 150610 25
i nj ection nol di nd" & 'P?ﬁap%‘fyﬁe\%as‘“’f’ﬂ@ 36‘ &he 15 angiestionmolded h

resulted - 15°F pmnfmaid&d ﬁblsmdﬁhﬁbdfd%fﬁmaedﬁficﬂlb%oﬁﬂtﬁﬁ{'d HAWBHAIS tin Hihuth
conmposi te. Cycol: gg Y:g ABS/ Polf\;'ce%r bonat e bI end obtained from GE
Pl astics, having pers 209 milliohgs fromegomestact ed

into the nold:" Thmmﬁ&bﬁédﬁﬂ@%ﬁﬁd&dﬁh&ﬂﬁt&%ﬁﬂmwﬁomfogﬂ@?ﬂ@ure
was 40[err]C,.. an&#gh@bﬁwol ing time was 15 s. The nold was opene er the

30 part cycle eted and the result was an injection nolded part

havi ng di mensi onA seéondBARAN bF BRI ofExaRiple 19, &aﬁé‘%s)ﬂegcﬁbeﬁ?r%% }f‘ ¢
e 0

snoot h i nner ,surface I nc udlng an_electrically conductive
tin bismuth §§| Oylafplsqusasrmp mamoldattachedtoa70tonArburgAllrounder

-23- . 700-230-305 ECO m_;ectxon molding machine. After closing, the mold cavity was
' ' filled by injection with a full charge of ABS-polycarbonate blend (Cycoloy C1200HF,
obtained from GE Plastics) having a melt temperature of about 270°C. At a mold
_ temperature of about 40°C the resin injection rate was about 20 cc/s followed by
25" cooling for about 15 s. The injection molded part had the eame performance as the
* molding produced with LEXAN 940.

Example 12
A polycarbonate sheet, about 0.13 mm thick, (LEXAN 8B335 available from
GE P@asﬁcs - Sj:ructnred Products) was coated on both sides, by laminating about 0.10
30  mm of ethylene methy! acrylate copolymer (EMAC SP2207 available from Chevron
- Chemical Co. - Specialty Polymers) using a platen press operating at about 22,000
Kgf for about 20 sand at a temperature of about 125°C.
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WD 99/ 57952 :
PCT/ US99/ 07088 surface resi stance of less than 200 mlliohnms from

corner to corner as neasured using a Fluke Model 75 Multi
obt ai ned from Johwofsbs¥esz M g. Co. Inc. "PeThusosnoross
Exanpl e 10 Conposite sheets were prepared as described in

Exanpl e 8 except the Métalﬁmm@la&ﬂi@masmenfﬁmwcrsﬁfwm&ﬂaﬂ?needed

since the materi guire the r I n hig.

| nj ection Mol di ng‘* 1%9 %c%poseie between m“{ﬂ%sg’e% Pgﬁlﬁéong(%%lg¥egﬁ#ggégnpl e
10 was taped ont gpglyifg b ﬁaﬁkeuﬁn@hmedtﬂm‘mpress at 25,600 Kgfiforabalit 20 ket Abduh was
preheated on the m)l d using a hand held heat gun for 10 approximately 15
seconds. The rol §1%%&s then closed around the filmwhich resul ted in an
initial cold form ng of .the pl astlc/rretal flber conposite. The nold was

cl osed apd the cavity was i njmsiedtie pltling of Enarhplei3r ge of Cycol oy HF

1120 ABS/ Pol ycar bonat bl end obtained from Gk Pla Y a nmelt
t enperat ure of 270[er$‘]pd,e fopmed i3 5}?8 g‘omcog)[pos ie%%btg%mm‘fkf&
terrpe(rjat ]chfe Wa?] previdusly Qesciibed fdﬂ(Exmp!lellrlgThe plefdm'bwh és‘iﬂ&edl’rhaambﬁl attadhedtwas
opened after the_part was, C the.res was, an i ction
mol ded part havi ﬁé W@ﬁ%%‘ﬁ?ﬂ%@gg@?@&?ﬁ%@@g Uind tgmctﬂ? g mAChInes AL 7y
\rllmet \r/]\o?k of t?ngF§Sh§’hmgPPg Mﬁumm}eaﬁo a ‘:tl?:l?a I‘defSl stan l‘beof
| ess than 2080mi PPWE‘&M%"? @Gﬁ?@ﬂ?ﬁ“‘s?g ﬁﬁe%ﬁ“@‘m %g
FI uke Model 75 Mgnijefatirelof A2 T, mmmﬁéﬂﬁﬁewmatrﬁﬁntérﬁpemmﬁﬁthe
Example 11 = - A pol ycarbohat e, s f abgﬁt 0: léo Eg] ﬁ)ckness
(LEXAN 8B35 w*y&av%m&w*ﬁbeﬁi’@@h for abpub B dudhe) was
coated, by Iani ng paét showed gooaaamahbeifweeﬁmehﬁjeaempélmylawwaraﬁd the
copol yrmer  ( EMAC SP220§ '

from Chevron . Chem cal Specj
Pol ymers), about Prfannedinsertiand hadrg,gmoathinngs susface ing dﬁ’géﬂ {éﬁm ﬁyé@gpg}ye

platen press 18pemgiwondoftin wﬁgfﬁw&&ﬁwﬁxﬁe&mw@&moomm] C.
Metal fiber mat A ~was_ placed on

ENVMAC SP2207 | Th
was prot ect ed- on Msasuied usingrFlyke N@dghﬂ&MB\ﬁ@%eb@sn%#om 1@3 ﬁi@enp@eégém

paper, then | am gab@pled e %d%ad&h@%ﬁn&aaé@gmlaﬁgafﬂémnmﬂ@tl ng
at about 25, 000 Kgf and 10!
i-. . 2rscope of which is de; bythefollowmg claims..
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- 24- . . \AD 99/ 57952 |
Ecamplo 11 A pre-for nedIIIIJIHIIIIIIIH IIIlEHIEIF rom twﬁ'ed'ngﬁe-?/larms

exanpl e 11 usi ng wh@957952 t her nof or m*ngceqti ptrert previ ously descri bed

The top heater of the thernofornmer - was turned off and t he bottom
heater was set aWhs@iskkimgdds: The sheet was heated before form ng I n
the thernmoformng oven forya rgn Ui foraf B 6hic 8k e@ﬂgg,np&ﬁ ri

was forned into a substantr ?% rect ar pre-form hlgvrsng |rren%| ons of
approximately 4.8 cmagt@uﬂdmime:ami4 cm deep Thi s part was pre-fornmed to
fit snugly . insid td Qikd Egum ngb@&ed
into one side of the ﬁ}leee} %&?ﬂ) %)tgera-[) e sr%e p%]gisqr@?le&? e gate)
which in turnSwasompnsntged in a 70 ton Arburg 10 Al'l rounder 700-230- 305
ECO nol di ng machi ne. The nold was %I 0se %}g{rd the cavity was i njected
with a full charge of LEXN@ZR?%%I %ar onate obt ai ned from GE

Pl astics, having a nelt tmtmbmmetalmithaﬁiﬂganp]x@rsifweam}emmsm&casaﬁs
about 20 cc/s, ~ the te er at e _was, a ou.t err

cooling time was abou‘f°“1”§t§"'g‘f?1 camer\ﬁg c?B"élnﬁ m?ﬂsm%auf cycl e
was conpl eted and theméﬁﬁﬂkﬂetﬂlﬁber&&atﬂje&d&ﬂ@th@hﬁbﬂnﬁ@ofﬁd thielflingobesrg
resin formed_over an electr caII 0 ctrve net of ti i smut h

aloy fibers Bving a surfat qr-é:g f"rﬂ('jlf‘ kl?V’é‘Bﬂa%ﬁB SEFoHnding,
corner to cor ner.- &fdﬁ%§%ﬂﬁwﬁmoﬁrﬁmg@ld\fh€tﬂlﬁﬂe’is%h’ﬂloﬁﬁtﬁirfa&bbﬂl ned
from John Fl uke Co. Inc. ond 0

pref orm of Exanpl e 10“47&6@%@%1%@&‘*&‘@@%11@%5“ &%ﬁgﬁ‘ﬁ’ggw ughs 5
preformed inset, in asfiPndt BishiAndEPotoRls Barribr shedt; Adourg Al | rounder

700- 230- 305 ECO I nj ection nol di ng. machi ne. After._ closi n ) cavi t

was fill ed by i nJ ectﬂw?‘iﬁeépfwm@fmr@‘él rS‘E)F"g)‘iﬂWHB plage,p| end
(Cycol oy 01295 : Biatdl M&m&ﬂmﬁe&&omd&m&@& inst said -
tenperature o about 270 err]C. At .a nol erature 0 out

40[err]C the resin i nE@@B‘iD‘ﬂn%&tfémRmﬂdeth@Wé%F@ roYer s%entially

cooling for about 15 hnél';]&lg 4on nol-ded part had the sane perfornance
as the mol di ng. péjpro uce vvrth LEXAN 940.

~.-2. . The shleldmg enclosure of claim 1 ‘wherein said non-porous catrier

-; sheet has a softening point below 150°C.

20 3. The shielding enclosure of claim 1 wherein said non-porous carrier
_ sheet isa polymer selected from the group consisting of polycarbonate, ac: acrylonitrile
butadiene styrene copolymers (ABS), styrene acrylonitrile copolymers (SAN),
* polystyrene, polyvinyl chloride, polyether imide, polypropylene, polyethylene,
.. polybutylene, polyamide, polyethylene terephthalate, polybutylene terephthalate and
25 polyethylene naphthalate, polymethyl methacrylate, ethylene butyl acrylate
copolymers, polyacrylonitrile, polyarylketones, polyethersulfone, polyphenylene
sulfide, polyurethane, styrene butadiene styrene copolymers, styrene ethylene
| propylene styrene copolymers, and vinyl acetate.

4, The shielding enclosure of claim 1 wherein said fiber coat is selected
30 ~ from the group consisting of thermoplastic polymers, hot melt adhesive polymers and

pressure sensitive adhesive polymers.
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Exanpl e 12 A pol ycarbonate sheet, about 0.13 mmthick, (LEXAN
8B35 avail able from GE Plastics - Structured Products) was coated on
bot h sides, by lamnating about 0.10 30 nm of et hyl ene net hy c‘?ﬁfs%/@'ﬁf‘s
copol yrner (EI\/ACWBIDZIEl?ﬂ avai |l abl e from Chevron Chem cal
Specialty Polyners) using a pl I ng at about 22, 000

aaﬁ% %r?ﬁn%p%g{dt 125[err] C

Kgf for about 20 s and at a tenpera

- 25 I Luu, m,” (,ml ”,l' ” I 'I aﬁbrous metal mat having an outer surface and a contact
Jaog-la-{ nst ‘oné of the !ay\é\:)sglg#é%%ﬁécgﬁa%fwce adjac&%é?gf%hgﬁe%&?tnﬁ“f??&m Bt 2°€¢
conposite between mul tipl mxmirsﬂgﬂowin&iﬂgimaﬂeﬁlfeﬁthﬂsﬂel thddforming of
appl yi ng pregsure usi ng am %:&&E'cé‘&e?“ jress at 25,000 Kgf for about 20 s.

at about 110[ err] C. 3 _ I nj ection Ml ding
of Exanple 12 A 1 fiber-@0dTRe! instlaR shidiadal MR by H§t€rﬁﬁﬂ9s'te
sheets of Exanple 12 as. evi, gly descri bed for Exanple 11 The
preformwas placed in a niiPu g‘?’ﬁ;sél fiber-coay gverlyin glalfibervatnder

700-230- 305 ECO injecti onsﬁqp@,aéﬂmqﬂlsﬁa bl f 0.1 g‘kfg 1ol d
cavity was filled by injection wth a ful mchiartrg_:?setha{tl ? en5|ty %

pol yet hyl ene (Petrot hene fubstatially sutending thsoyghsaidanatiie said Gon-porbus/camiera nel t
tenperaturelgf about 210CGgeMith nold tenperature held at roomtenperature,
t he resin injection rafe was about 20 cc/s followed by cooling for
about 20 s. The - res(®ti gpmstsaldhmeggﬂ)mth&hésmdnctﬁmtmw t he

i nj ected polyethylene |ay glgg ert d had,a snooth
i nner surface including a elre]éijig1 aﬁa}y condﬂ%gg éﬁgﬂ %’\%Wt‘hn
busmut h al I oy fi ber s foxintdn clectrical connection betwieen $ajd edgesand baid tra€) i | | i ohns
measured using a Fluke I\/bdel 75 Multinmeter obtained fromJohn Fluke M g.

IC?m 'lt |n(r:19 of the i nveM ion, sﬁé“%& dg/\Fﬂ%rEﬁe?%g \‘Yr}’l%tﬁﬁlt géh%{]qﬁf glsl ow ng
cl ai ns. 15 protrusmns, comprising:
' - | a non-porous cartier sheet havmg first and second surfaces;
a fibrous metal mat having an outer surface and a contact surface, said contact
-surface adjacent said first surface of carrier sheet, said metal mat comprising low.
melting metal fibers that melt during thermoforming of said shielding covér; and
- 20 - a fiber-coat to electrically insulate said metal fibers by substantially
surrounding said fibers, said fiber-coat overlying said metal fibers at said outer

surface of said mat by less than 0.15 mm, said fiber-coat substantially extending
through said mat to said non-porous carrier sheet.

12.  The shaped shielding cover of claim 1 1, further comprising a molding
' 25 resin layer applied to said second surface of said carrier sheet.
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- 26- . WD 99/ 57952 What is clained is: 1
An EM shleldlng enclosure for an el ectronic assenbly, conprising:

a ground pl ane;_and a shielding cover, fornmed by t 8§ 0
a conposite she%?”@"gf’d cover 5 conpri si/ig: W@ﬁhm
non- porous carrier sheet; a fibrous netal mat having an
outer surface and a contact surface, said contact surface

adj acent said carrier sheet, said netal pat_conprising | ow

mel ting metal [ 2 ai d shiel ding
cover;

-24
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: BCPLALEMERT ontEd
10 . a fiber-coat tomsulate said netal fibers by

subst anti al | y “surroundi ng EMI SH. ELDING ﬂ-N‘ .1955 id fiber-coat
overlying said netal fibers sai d mat

by less than 0.15 nm said fiber-coat substantially extending through

said mat to said non-porous car'éi r sheEt;' !agd . a
contact edge to forman el ectri i d ground pl ane, 15

said el ectrical connection nmade byradgsheRveiical d contact edge agai nst

sai d ground pl ane, at_t‘e_rrpmr'e?'up to 200[err]C, said cover
essentially free Thisimvention relates to elexuioarcoissnhblies strrowided by enclosures that

The shi el di ng encl osure m 1.wherejn. said nonnporous carrier

Sheet had o Mt REngEe ol e isBiERFe of T fesaesky interference (RED. Encipsipe

shi el di ng enghRaRELIMbifé ﬁhélﬁ&xg%@é:@'vﬂtﬁéx‘ogn@ﬁﬁnws%&atg@(vgth%e electroni Ne€et

is a polyner selected fromthe group consSisting of polycarbonat
acryl oni t ri | assemblies. [Sineiding gevess 9¢mr¢efrmnrsbaga¢momppﬂﬁhpets lcympnssng

acrylonitrile COR al rene % chl.ori de,

pol yet her i mige, VISB?(‘?I?S{ %fp‘%'\"%lv agispiesy ﬁméﬁh%‘= me’ﬁb%ﬂé ;Féﬁ’é’ DB yani de,
pol yet hyl eneﬁﬁmemmmmﬁ@m potlavtaeHing @M@lﬁ@&%ﬁh@h%ﬁd@fﬁ)e% rovide

pol yet hyl ene napht hal ate, pol ynet hyl nethacryl ate, "et hyl ene b acryl ate

copol yneks, Wﬁ&@ﬁ?h@@%&?ﬂc@suﬁél yaryl ket ones, pol yet hersul fone
pol yphenyl ene sul fide, polyurethane, styrene butadi ene styrene

copol ymers, styrene ethylene peserif Xkﬁ{}‘?{@ué’éﬁﬂe copol ymers, and vinyl
acet ate. 4. h‘e—%‘éep%‘rrg‘mﬁm of claim1 wherein
said fiber coat iElesabricrestnidMies,fconumininginerfurenceasndittd ddi@ial boRrampl astic

mers, hot nelt adhesiyve pol and ressure sensitive adhesive
Bgll-yyrrer . éevxces require 1solanog gv %er{ds 1ng covers and grgund planesaqg protect the devices

WD 99792 o

BT/ LS89/ 0700 8prevent damage by the signals they emit. Shielding covers | oﬁeg Onrn(:)l&%le an - ier
sheet; ¥ fi dp@usaliuectmdunmtg eﬂememgts part@d taenmpusxfeaoae variely af canpadites
surface sai d sur{ag (ﬂgacent cacrier sheetf, sard netal mat
conpri si ng I%‘W Fng p ‘F’§nf qre Ko VR §PTuse ithBaBY MatiRg of

apphcatlons. Composites may include metal in the form of continuous sheet,

perforated sheets, mesh, woven screen or non-woven webs of randomly distributed

fibers. Similarly, polymer structures, combined with the various forms of metal, may
20  include films, sheets, perforated sheets, woven material or non-woven layers with

random fiber distribution. Regardless of the metal/polymer composite tised, it must

act as a shield for electromagnetic and radio frequency waves. The interference

caused by such waves in electronic devices is commonly referred to as

electromagnetic interference (EMI) or radio frequency interference (RF I), hereinafter
25  jointly referred to as EMI.

Effective EMI shielding requires the formation of a uniform conductive
enclosure around the EMI-sensitive or EMI-emitting device. United States patent
5,294,826 (Marcantonio et al) discloses a combined heat dissipation and laminated
shielding cover which absorbs energy by magnetic effects and electro-conductive

30 effects to shield against electromagnetic interference. The laminated cover combihes

From EP-A-0806891 there is known an EMI shielding enclosure for an

electronic assembly comprising a ground plane, a shielding cover comprising a ground

plane, a shielding cover comprising a carrier sheet and a contac %LECEWEN%HEET
electrical-connection to the ground plane.
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VREERYEMENT SHEET
5, _ . said shielding cover; and : -
a fiber-coat to insulate said netal fibers by substantially

surrounding said fibers, said fiber-coat overlying said nmetal fibers at
sai d outer surfaceuppressganoiradiaipg emissionsifrom mdrydualintegratedraitsuits mext

i gbst antial | %V%Ne%gg%eﬁa?h%@éﬁ }'fb%isﬁlng'm& énoapf)gnlaguS? ey R 8%%#? b&ag{i,irts%tir ng said

cgﬂt act edg_egwi-itehnﬁlaiple imepttated icirenitst Sueh a hotcljsing is described in US 4,661,888  (d)
adhering said coptact g ‘again sai nductive trace to i
forman el ectiemehet Elérnﬁg‘ggi"éﬁ%“ﬂ) eﬁﬁgéﬂ%g? S BesAverafilySt 384,826 require
11 A shapgdadien?ld ABLATREAY ling ESNRRiR euitdS Sin ARBRILLER o

15 protrusions, conprYsing: a“non-porous©carrier

sheet havi nggfdundé¢d contiacs poimh dr sanmectinmsthrough a conductive gasket or maltpldr ous net al
mat havi ng an outer surfﬁx.ge and. a co&%gct. surface, sajd contact

surface adj al@t S &P P ?se§ﬁ?q’%‘?§em ‘EHWF'!CQPS‘%‘NE&%“S%“G] #ersal nat
conprising low  An EMI shieldifBlalér)8ssb8hRY wWithRBE §oﬁﬂgﬁv@§{c§o£¥l{lxﬁg{ be in
t her mof ormi ng of said shielding cover; and 2 a“fiber-coat
t o el ect ri cakhejformofipgortinyoug layer on a disenstiguans grido suchretsiaghétgl mesh or
surroundifng said fi i.d_fiber-coat overlying said netal fibers at

sai d out E‘? ngnwoven%r&ssraxﬁagg%ﬁ ng‘&_géﬁg{?{“ﬁﬁﬁ I%PSV)’/ Prdiasamefatic pratg s they; g

fiber-coat st efféctiat for EMI siididing because no gaps exiétlib aHOW pasdade BREMIO Sai d
non- porous carrier sheet.,. ) ] o 12. The shaped shi el di ng
cover of cl aifiawerer. hep paing aslissondnuyays grigrany;eaglosure formapnipsecass tayer

‘_'J‘gglji ed 10 SollirRGHAP therddbdARE nBikiridh YofPdifrlefilion HERE shielding layer, sometimes

called the "slot effect”, could cause fauity EMI shielding performance of the shielding

15 marterial. Void size increases in a variety of ways including, e.g. when the grid is
stretched or by damage from tearing or other processes that can break the grid
structure.

Previous disclosures reveal ways of producing and shaping sheet material to
provide covers that have EMI shielding capability, typically using electrically
20 conducting layers, which are required in many applications.
For example U.S. Patent No. 3,727,292 (Nicely), discloses a non-woven
unitary metallic sheet which is fabricated by extruding a molten stream from a
metallic melt into an atmosphere which reacts to form a stabilizing film about the
periphery of the metal stream. The spun metal filaments are allowed to solidify, and

- 25 then collected as a nonwoven fibrous mass. The mass of filaments is then compressed

into a sheet-like form, and given strength by binding all or selected adjacent fibers

together.

U.S. Patent No. 4,689,098 (Gauhan) discloses an EMI shielding sheet
comprising a layer of nonwoven reinforcing fibers which supports a layer of metal
30 whiskers or fibers formed from a ductile metal or metal alloy. The EMI shielding

sheet is suitable for shaping of covers by stamping. Another stampable EMI shielding
construction appears in U.S. Patent No. 4,678,699 (Kritchevsky et al). This patent
notes that, "The shielding layer must be able to maintain its shielding effectiveness

2 REPLACEMENT SHEET
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