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i nterference shield. Mre particularly, the present rnvention relates

to a shield that is easil yTWﬂE’@T“THEQWE%ﬂ@W th single or

mul ti-conpartnment shield l'i ghtwei ght, and 10 | ow
in cost. This solution is partl cul arly advant ageous for use in small

el ectroni c devi REMQVERLISELH CHHROMACNETICINPERIPERENCEST S, anong

ot hers. BACKGROUND OF THE I NVENTI O\g glashl elds limt electromagnetic
radi ation fromentering or exiting HIK ions of a printed circuit board

* (PCB) cont a| ni ng el ectroni c conponents. A conmon type oflm@m mﬁlﬁmum
known as_a "can". A can is_salder t race rectly
over the’el ectri cal corrpom'%.1 : (]L Lgl? e | ded ffer

“extremely high levels of shielding effectiveness, and are typPEé&lly very 20

reliable. ﬁtﬁ%% 21%%8[{1 ;Otélen I A fllePaQes @O gn&’d{;ﬁ%v@d"éﬁ%&oﬁf‘aé %ﬂ:‘ on via a

surface nou rocess at e corrponents
t hensel ves anterfarsned (lMDpshield threEaltrsulaglyséhel@nemsttlevelmﬁoa refl ow

process. The.£ans 4 RGHRAN YRSt %r@aﬂyq%#&ﬂab@é/ B iHlQm%@i’ﬂngorfO' di ng, or
ot her form ng process, are prica ¥I made from rretﬁ ‘Hﬂl s netal is
of ten plat edn‘ﬂ]él'é?mﬁﬁht@l@ﬁlﬂe?]éloilqsrl@}sé in g profile, lighvighbansht i on or
corrosi pg. &ovwhd:@étedmﬁrsomimb% ﬁai«t@dxﬁaﬂyﬁdveht@g@oluwoﬁawtn on for

provi di ng EMT {]ﬁl%l di n s, of ten the sllaafl di ng net hod of

choi ce for §T’FBP ﬂ?%?bﬁ'éc}a@%ce@&lf’émn&ﬁ% phones. 30 There
are several cdnmmarﬁgantcmgumhegs.sol dered cans, however. One such drawback is
that cans are very difficult to renove, once sol dere PCB. Thi s
fact can prevent eas real rabl it i nspecti on of m@m@ﬁm\ %ﬂ under neat h
t he cans, ' ] SMENTEIO

PCT/ LlSOZl%?Os costs in the rranuf acturl ng process or du repal r. In

addition, the npede proper  heaji flow to these conpgnents during
the reflow &Mgégselgag tPf’?@EYOFIe%?%&It 1ntion droxe pPt %ti%rergg g nts. In

S'd?:‘ ti 0|I|5tosbaﬂ613$ bﬁﬁpﬁt&te(?)themtﬂj’dabﬂQPQBMcbhtmﬁnt electronid hey are 5
ifficult to produc mul ti - grehhe conpartnents
serve to isdP pé)nc%ﬁspo‘gé’ﬂ{nsm%?%@n% %gﬂ@?&ggf 1S(F:\kent H\?r omcgélgch Aot her on a
PCB; they arcentiypphiriéd te thagromid/tiacaey sPhde ditegilyaver thele of dense

met al s Suchet*e%tﬁfcsﬁéom@ﬁf@ﬁtgma&gttm 894hida&d. esae@eengtrﬁtlthe conponent s

they are covering, can a ificantly to the gverall
t hi ckness Ofexiilﬁ}ég%lb’é};lgh éeﬁeés Bfét‘élklﬁgimgt gt1veness ancyi are typ1caﬁy very
20 reliable. They are often installed in a fully automated fashion via a

surface mount technology (SMT) process at the same time the
components themselves are installed onto the PCB, using solder paste
and a reflow process. The cans themselves are produced by stamping,
drawing, folding, or other forming process, and are typically made

25 from metal. This metal is often plated to enhance solderability and
protect against oxidation or corrosion. A soldered can may be a very
cost-effective solution for providing EMI shielding on a PCB, and is
often the shielding method of choice for use in small portable devices
such as cellular phones.

30 There are several drawbacks to using soldered cans, however. One
such drawback is that cans are very difficult to remove, once soldered
down to a PCB. This fact can prevent easy repairability or inspection
of components underneath the cans, which can significantly add to



are difficult to make with tight flatness tol erances, especially as the
cans beconme |arge, which can lead to soldering difficulties; they can be

difficult bqn)'(w%g with tight X-Y dinensional tolerances, \Q@Eﬁgoﬂgﬁ‘?‘n forces

t he need ¥Vor Iarge mating ground traces to solder to the cans
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referredto# r]cgﬁ ﬁ o@area i xed t e PCB as a single
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probl ens as tg%gsa?\é\nr% %%%f(?(geﬂrr%v F{HE é’%ﬁ a%la%&alde &?ﬁgt ss i ssues are
of major corfleiiRnce Opffebtteerq:qmgew&sl Va8 s eovesHEe SO they Kan pds

particuhgrl ys@ﬁﬂcﬁﬁt@&octﬁérméimﬂﬁi%k%és bﬁﬁl%lb&léﬁlé%é&!kﬂg@ume?f Q her
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requi red at aften forces thecreddefordarge, tma‘engehduladnmachetrz soldmtoztl%m 87
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el ectrical cont act c ‘li[] shi él di ng sol ution
affords the %Hnﬁ?ﬁ?’é'ab WP&/P ﬁn%%‘lﬁh%‘ﬂ%?‘? Agt

mul ti -corrparglfmml Qﬁ@ggﬁﬂerand gives the benefit of easy accessibility to
the PCB during 5 the SMI and manufacturing process. On the downside,, such
gasket ed shi el ding solutions have problens of their own. Many screws or

ot her renovdbd addmssqneb]snmwiﬂiymmtabﬂitseqinanmbnemta,ckmgmthmedcorrpress t he

EM gaskets., lﬂ% SL%EV%i %r a'[iﬁ@h% 'bfack@Rtlﬁis cguc@l astic.

These requi rerrents rgYﬁ | extra | 0os
manuf acB0r i rgnsiare oftengeelemred fa@s| §encgg§cr W@ 18 pd %Pe%?fﬁﬁ@ tPI‘R],ilegaskets used

wi th such stweBctess @ 6ol peltsmba 8ihilh P fAEHIGE €o sﬂ&ndatﬂdrmﬁsotvtﬁhtﬂeead to
short - ci rcw gﬁcf@yt ctri c B onent }1 1834? SO ti rre consumi ng,
difficult, 2yaeh hte einﬁ%st%ﬂ eppe é?n%é‘ ey $he PPl s hol di ng
the 15 shi elekanmplpha(f@mdirﬁU PP &tentNSo. 6616566588mhscemd3@b1(ahd‘sher type of
shield that feiRiallviySRaRhahilalChhRIRLACAT, AIRHIE hoigeghect i cal

conponents on a ecause t ps snap rou the edgeé of the shield,
they carSon|sspaeiedibben mas eslmﬂghétlwmrtmnt desigapd Tdhesighti- si nce 20

i nternal conpaigdfentedihslelgye f@ﬁc@sﬂ% alsb 86l dsﬁhh&%ufﬁ!t 'If?(ﬁ:gtslaﬁr}e are
rere re ch arge

intricate in d;glape canb extre stlég

nunber s to pHGUPdB BRURIRAGT WTGY anferaibhEReblens as

mul ti conpar treendvaddslidasIn bddidsh, tlatmeb©issnes ard ofegoy, cdrhieﬁnd@VI ce suffers
from many Ofplloﬁ eé%?deq' g@leasgttgﬁ%e ﬂtlp@gﬁgg& lsjuch 25 as ground

trace width ness anohg o “hot heretofore
been pr 80i de@mmﬁnﬂmﬁmm g@@aﬂtgedleélzel sndnyhibeird that is renovabl e and yet
conpatible wwth single or nulticonpartnent designs, thin in profile,

Il i ghtwei ght, and | ow in_caqst,. SUMVARY OF THE | NVENTI ON
'Other removable shields are used in the industry to resolve some of

the issues associated with cans, particularly in multi-compartment
designs. These solutions can take several different forms, but a
commonly used multi-compartment shield is a metal or metallized
35  plastic cover, fastened to the PCB with screws. Often, a conformable
EMI gasket is required at the interface between the shield and the




30 The present invention provides an apparatus having a substrate with at
| east one el ectrical conponent disposed on it; a plurality of discrete

el ectri Cg‘l"lé)ili)ﬁﬁ’g%’gﬁc“ ve fastening units disposed in a pat 3’??”’61592??:7@% 3

substr at ing the at | east one electrical conponen

VO 02/ w@@ﬁﬂéﬂ%g?s%ﬁﬁm P TBEL)S kD BrémBtEhRRE MirkfodR! Seb@icdlayer having

an i nner surface and an outer surface agd an_el ec&rl,cal I%/ (&o ductive | ayer
over at | easongig aswoshihg Johelr D type of shigldimgsolution affor Et‘gi‘eof apertures
Iﬁr ”Ed :” thﬁs%‘r%e@' ﬂu@l&%tgﬁe@é;?bﬂﬁyQﬁ%@édmﬁ:tﬁ)m{ﬁgeﬁm ifbohipatrbmtenﬁtter][‘ ?L
e 5 electrjca canductive, fasten ng units;, wherein ast one o e
apertures h S&a”‘t%ﬁt’@cgw?%&%he%"ﬁl& Q%{’F@ggiaﬁc }1’1‘}(\{?}3&0 @%?@‘J{ ﬁ}lgnﬁateri al
" layer andg thfeedMdat and ahdnyufaongued pyeekayer of the shield at the contact
region of the aperture are deflectable to the extent necessary to allow the
contact region to engage and retain the 10 electrically conductive
" fast eni ng ur®h;thardwisde| suchigaskbted: shieldihy soloithnsthame proplamspi t he shiel d
at the Cont aghf ShoMhfylsB&h 6! fineRlreiRVRBH fathdibabhite tpichllycal | ¥
conductive fastening URTT .o 1 anot her aspect, the present’ v,eﬂisuon
provi des an rsieateddiverfrsauatelyzomnress thae bl gatots s fibaisgtheshiglds pst rat e
having at | eagkt BBenSAE Gl SAIT BOD PP stel. Irsedeyinearntendda plurality
of discrete elitegilt“c' | y conductive fasteni nga%nl.ts dlsposgd in a pattern
on the 38bst¥8 tsith]Ié’agﬁﬁ" RYraHeose Pais,Jpaphiacinpng e a0ty onent , the EM
shi el d conprilgimgtelp cbsetesteli desipher The daakets tead withasndhsigeldsur f ace and
an 20 outer surface:,an elactrical conductive lave . | east one of
the i nner arffeqiFesl l?FFi%g?ma?g& W:l%(f}} P?Yo@%%geratda%egshog}égﬁg |Sr(1)?t he shiel d
such that theeapgralectexat compspantd. tIbis dlsogimeeonsvmingediffiadtri cal |y

conduct i ve {45 gL ARVEHS Sie1EEShM R AIFSSthoORSIdork hRIAREHYY €3 has

contact regi on an erein electric material layer and 25 the
el ectri dal | ySféélﬁkaPla\?é- | ayer of the shield at the contact region of the
aperture are deflectable to the extent necessary to allow the contact

region to e nd, ret g | ectirical Ly conductive fast.ening unit; and
wher ei n thengragedpqaieﬁ’ﬁllﬁ/aéc@%gg} ﬁ@%chbfgfearnoﬁllef ﬁ‘@"tﬂﬁt Sglﬁ}deﬁ‘&%at t he contact
regi on is i nresheetbly cahps dntoadipsvilated B0l Gleeelecirecl lcgmpondutst i ve
fastening ungt aIL@B.St%é%au@??h@ﬁ{i%@%?ﬁ?arohﬁﬁ haVeRIdel QP tRE QNicllgs an
apparatus having a substrate w at Teast one el ectrl ﬁa conponent . _

di sposed t hetteyrranaoply aegprmjodsite @ singlerconapaitnent Ahigl SHRALIVE fast eni ng
uni ts - diggposgletih13Bnpidkdet AR KAR §41635S ATReSHERPSRhdOtHegearat | east
one el ectrical ‘,corrponglg;; a s_t%lgel_rti con]S{l sting essent | aI.I'ﬁlof an.

el ectri cal | yMEBRatGT ¥RAPRKCAR; 05l XTLLIRP rcéﬂ;fe]t")/a Ié\ep’éer?‘m nfllf_lrﬁ%d in the
shi el d such hhaibeirf¢o ppevitepespaminekipogdffectivémesgantlarge, oiulthe

e ect I cal ¥ odhupa A2 T ditiohAG B4 o wandlialis ievi@st en ng unit s,
wherein at 1 &5eP2one 0f % apertures has a contact’region and wherein said
el ectri cal | yselfersuzommangtedithesame digadvantiages mantionedahivae ustbgi on i s

def l ect ay e £ obdigh PILRBIwIALE AI@bsE Oarid Witk koY afters.egi on to engage
and retain theelectrically 5 conductive fastening unit; and wherein the
electrically conductive material of the shield at the contact region is in

el ectrical cWhadiaghdéhhérgofokebésn padvied ontliothatds hesdehiisg unit. In yet

anot her aspect, e jnventio royi des an u Vi .10 substrate
with at | easfch](‘?}fth%ﬁ‘té@trre%oé’la%%eg%%P{gﬁforapgﬁgis)ee _g%ln P?Pe %J%ugtrlal ity of
sol der spher esmgasmemddengnsehsubsprafile, Bghivoright,rand losv 1t cesdast one :
el ectrical conponent; an EM shield conprising at | east one conpart nent

adapted to cover the at |least one_electrical_cq ent, the EM shield
further conprising a diel SHMI\MWQM@QMMi ng an inner surface
-and an ojger surface and an electrically conductive |ayer over at |east one
of the inner_and outer. surface, gﬁg wherein the. el ectrical)l uctive

) cO
Cayer of 't he TERIPTEReR: MVEBIOR HipRides AOAPRAFALUS hayiie 2 SIOTERE Yake of ¢ he
* sol der spher gfleazp@nehsdiital bvmpddergliepabedroh ithe pdotradey «fphierete conbi ne

to limt electrically conductive fastening units disposed in a pattern on the
substrate surrounding the at least one electrical component; a shield




20 el ectromagnetic radiation fromentering or exiting the at |east one
conpartnent. The invention also includes other aspects in which the

el ectric ctive fastening unit is a sol der sphere 1strate
has a 258‘8@(96@@’29%% di sposed on it and the sol der spherle)cfr@‘ggzgﬁ’zér ed to

the ground t . . r R J Sk bl erence

contact wt héoﬁgllgglrﬁzgg%a%gco]ﬁa% latlrllgy%ﬂ":léejfgl ,gsét}ﬁgﬁgelles?ﬁﬁ{&ga d;Méonduct Ive

layer is di spysesustaceradot electipalyceonsuctive layey evarratdeasiend of | ayer,

t Pe Iel ectri caite! Mrfé@'&?ﬂcdut)éﬁ I?h?meé;_al §lu‘iﬁliﬁjﬂbﬁgpélftﬁgé§ fm@ngfe@ i??ifﬂép cogsi Islt i ng

of al um num _t.i , ckel, silver, copper and conbi ions and al | oys

Chereof |t nestiplt e that he nstiniies Easaoe Lo H3F pabigRa obFi 1, cal |y

’ c](c)nduct i \Be | elgetridadlyf @ndrdtiby f@s(;;pnmgem' ‘t@,atrhleltee‘ﬂ aftrlamttdilm afrthep consi sting

of sputtering, vacuum or vapor deposition, elagc I ng, and

ol ectrol yt i coh iR S BPRE rfRBE A Wheedpiyh e eBegld . 3

" di el ectric nmiaterial layonwaidrihegletridally comdpetivd kiyes of tlh@sgiehl;at ate has a

Compar t mont sE(Eaab R ot IRl W AU RbE GARBIAS " Crent s, the.

shiel d has anggespany twaléqw&beﬁmﬁaégr@ionme@gﬁm?emw@sogy 0 70S for med

st ehi g Un O B e nt  on may b
[ ] : spects. a i nyention may be

used in corrb‘?or%f"rcéw epyer %%@‘easi’d?lﬁét the CQBE%&&{%EHP ’isr}nteh%&F’ﬁ@tnt i ve devi ces

ment i oned abeptgtacbwifil tHe ESCRARYICON] G¥tivVdEadDRNNGIEI g. 1 is a plan view

of a substrate according to an exenplary enbodi nent of the invention. Fig.

2A is a side view of an electrically conductive fastening unit according to
an exenpl ar ylreabotlieraspect, the présene mavention provides an electrompgeetit ew of an
electricgdly; Y | | ' ary
crbodi net oFPRE e on o Y ubeftatghi Ty 46)ARe e SR al 1y
conducti ve feprmpenef dispesedcidsrenmand 8 ninsakr 0%‘9@@9&9[’3%1?&0 ment of the

i nvention. Feghdubtive fasieeisPasits\@spuseWiffa gatibieba the @absirage t 0 an
exenpl ary 15

nbodi f 1he i tion. . 4 | [ f
an appar at ussg@egpg%h}egatat?ag&éﬂ%&gféygg?fb‘é?hﬁm ﬁtZFﬁ% E:Z\}if%glém ?/gnYI E}Ng.o 5
i's a cross-senhprisalg: i dieldctilie madbriabla&eA_ImfvirE‘g’ gnlinnés gurfécé and an
Cross-seg|l Oﬁgl{ervéu?ﬂc'é?éﬁ 31 %ﬁ%bﬁ(}dﬁ&dg{ctﬁegaker é?egll: étglxaIZtS bre 8f the

Cross-sect| of Vi ew taken a a cr.oss-sectional

vi ew t aken ainney andrower sugtace; Fpljrality pfapextivges foymad whihe shisld t aken
al ong A- A of slriifthdt thel dperBdyels TotreSHESE t6& E6d pattRkn OFf €Me ERIetacalypng A- A of
Flg.l. Fg (?o%dusctgrecfragtsesn_irsxg %tnll’c%,n %lhe}/éigvglttlggsetnogé 8F ﬁleAéffér?IueEi l%;is! - 6
a contact region and wherein both the dielectric material layer and
25  the electrically conductive layer of the shield at the contact region of
the aperture are deflectable to the extent necessary to allow the
contact region to engage and retain the electrically conductive
fastening unit; and wherein the electrically conductive layer of the
EMI shield at the contact region is in electrical contact with the
30 electrically conductive fastening unit.

In still another aspect, the invention provides an apparatus having a
substrate with at least one electrical component disposed thereon; a
plurality of discrete electrically conductive fastening units disposed in
35 apattern on the substrate surrounding the at least one electrical
component; a shield consisting essentially of an electrically
conductive material; a plurality of apertures formed in the shield
such that the apertures correspond to the pattern of the electrically



WO 02/ U69687 Fig. 9C is a cross-sectional view taken along A-A of Fig.l.

Fig. 10Ais a cross-sectional viewtaken along CGC of Fig.l. Fig. 10Bis a
Cross-se i ew taken along CGC of Fig.l. Fig. 11 is £ctional
Vi ew takg\ﬁ{bg'lg@%‘)dwﬁ\-A of Fig.l. 5 Fig. 12 is a cross-secti ggglﬁlrsgz?%\;’v&tak

along A-A OfcgEHﬂct!we lfés‘&enlzréehiﬁlt Qﬁﬁnﬁ?% | e df'tﬁé’g&%!fﬁpeé‘hagg A A Of

Fig.l. Fi wewtaena
PCT/ US02/ osm@prrtagt repigm aydaWb@respé@td e)écm@l}ywné%wemaf&k@ép& ng to

anot her eXGrEé'l@éMm%”&@@h@%Hﬁté& rE%‘ﬁn 1M@ﬂé¢taﬁle fPtHd EtehbRebessarper spective
vi ew of a shi eId accordi ng to .ano

her exe ment .. of the
i nvention. HPqlovsthe contagtregiantp $agigear fle lgﬁg‘g e@ec&yga}l& ng to anot her
' eﬁ_err})ldar )i erﬂgﬁdumvé faftehhigy umfc@ahdwhelaxg%}%elglecm@mmmmnwe view of a
shi el d accordi t ot her xe enbadi.me he..i pventi on.
_ DETAI LED DE%E%F% ldﬁgﬁ d Mcﬁég@m R H E‘vﬁtf%ai (ﬁoélt%&aw ngs, the
present i nvemithdheplectridaBy @of0ucttpafasdiiagiMit.shi el d wherein the shield is
mechani cally and el ectrically connected to a ground trace on a PCB, and yet

is renovable. Figure 1 is a plan view of a PCB .(10) according to an
embodi ment  din yétiandtherasbent. tirRCmventipnipyosidegisar apparaius AYIE ®l ural ity of

el ectri g@l Cﬁﬁgﬂ%ﬂ%ﬁtﬁ %%he:ﬂét%fée&eét?ﬂﬁl Etﬁﬁ?bﬂexﬁe&{fsbéébﬁi @it &2)

Sur roundi ng 'sectj.ons are a I ur a ound trace pads

Di sposed on rinepligro ﬁﬁkﬁﬁhed@% b’%ﬂ%e‘% Q%)tﬁ?§“ ptrate spryounding E}U’nduct i ve
fazt e?ll g)g Uruttle&%ne% El@ﬁtx@@ﬂ&loﬁ:f;;dﬂehtl;sdﬂ EMbsdhlembcymgmgmolglaguéggst? race
pads are shown to have, el.ectri cal ugtive

PCT/ US02105 7% GoRapar Lﬁ'ﬂq §e§ Fasovrd %&agge%‘% e %]'ecfgbc:%) is preferable
that all gr mmmpdrremtetl'pﬁaEMI( sl&)almﬁuﬁhamomhm%mgcfadiqle@mmnetalwé fast eni ng
uni t (1) d'ﬁp&sgg 4%5% e SEEALAd ¥ %&é\%{fg{:&‘aﬁh%ﬁélb&@ichﬂgCO“dUCt ve

f ast eni ng uni di sposed tern
sur roundi ng eOBAUCHNS 1.’(15193’)0ver at least one of the inner and outer surtace; and

wherein the electrically conductive layer of the EMI shield is in

electrical contact with at least one of the solder spheres, and wherein
the EMI shield and the solder spheres combine to limit

20 electromagnetic radiation from entering or exiting the at least one
compartment.

The invention also includes other aspects in which the electrically
conductive fastening unit is a solder sphere, the substrate has a

25 ground trace disposed on it and the solder sphere is soldered to the
ground trace on the substrate, the solder sphere is in interference
contact with the contact region of the shield, the electrically
conductive layer is disposed on the outer surface of the dielectric
material layer, the electrically conductive layer is selected from the

30 group consisting of aluminum, tin, gold, nickel, silver, copper and
combinations and alloys thereof, the electrically conductive layer is
foil, the electrically conductive layer is formed by a process selected
from the group consisting of sputtering, vacuum or vapor deposition,

' electroless plating, and electrolytic plating, the electrically conductive

35 layer is a dielectric material containing conductive particles, the
substrate has a plurality of electrical components and the shield
comprises a plurality of compartments adapted to cover the plurality
of electrical components, the shield has a plurality of apertures



Fi gure 2A shows a detailed illustration of electrically conductive
fastening unit (14). In the preferred enbodinent, electrically conductive

fastenin i 4) is a solder sphere as shown in Figure L a
sol der s%ﬁé&%ﬁ)%&used, it may be made of any alloy of sol l&é’?/,ugﬁ%mfk%ugh it

| s preferabky, g ﬂr@@eﬁe Wh%*hﬁe?%gsaa%&ﬁ& o4 QSEhQ%ie%'triéé’u}f hat it doesn't
mel t during subsequeht processing. Suc Igh tenperature sol der netal may
be, for exanpidyctiverfestdningwimppen¢irgtesdbachinldatihase aspreiadt thehi gh
concentrati g Qfidnl Ma§ i CURPE! corfbita®idnpith QS dtRb; 8P s@parkitdlyand sil ver,

and ot her known conpo§itjons. Sol der pger es, which are also known as

sol der bal | 82 theinvegtive daviesp WB@?I’%‘SH P¥s, or BGA balls, are spheres of

" sol der which are used as electrical and mechani cal interconnects between

t wo bstrate for _ acka o -1 2 L Avdul e and a PCB, or a
PCE and 20 anot éler DESCHIEMONUE THE DRAWING '/

“nmetal lurgical bonds which are nade during a refl ow operation, wherein the

two substrates are taken. to t eqper at the ji.ng point of the
sol der, in ﬁ%eflstaopfaé’c}”lei“{ %’?%S ﬁ%%ﬁeo%cgﬁggg\étﬁcﬁﬁr}gk%ﬁﬁﬁg sol der to a
surface on embodohenhef thevbaiveation. (package, nmodule or PCB). Using 25 this
traditional reflow process, the netallurgical bond is neant to be

per manent, both mechanjcally and electrjcally, at each of the two substrate
surfaces t o Figi%his asideoyiger of an plesbracally ﬁ’?‘{dﬁ’étlﬁie&%‘ﬁfmilgﬂé}ﬂi on, however,
the sol der gphgdtd to ARkabhiplghranbydhendad thelivestibhe PCB. No

nmetal lurgical bond is 30 created, however, between the sphere and the
shield. Rather, as discussed in nore detail below, the sphere is used to
provi del@n iMig.c2B ¢ aride Vet of 41 eldetricdllyetchd ushiviedastening pnéf er abl e t hat

l ectricall d ' fast eni j i t t,
i sor et o pl SPEERRE i AT <FRUa hpbditleniyl BeRaSPRRER P PR L 2 ca
conmponents using SMI, electrically 8 WO 02/ 033(87 PCT/ US02/ OS70s
conducti ve fastamiNg U fiekldd ?xﬁr@}éc@i&zﬂlﬁ@ﬂd{ﬁk%e%sﬂeﬁ?ﬁghh_ﬁd In a

subsequent operation, or _even formed in-sjtu. For exanpl.e, if a sol der
sphere is ugéeprdingteanethexioxemulan en émF%%ttﬁl}‘?gmﬁﬁ HOR14), the sol der
sphere may be formed in-situ by using sol der-paste which has 5 been

stenciled inR.a pattern against greund.trac ntly sent

t hrough a r:}‘flg‘o So%@?’a%ﬁeg ,Vefvé?‘ﬁiogé siu@%%ag?@é%ﬁééﬁ%%e%émgfﬁe sol der

t hr oughl8ur feadwdimest ofithe memtmint. er nat i ve enbodi nent, electrically
conductive fastening unit ZO (14) is a clip {18) as shown in Fig. 2B or a
mushr oom shaped button (19) as shown in Fig. 2C é:li (18) or button (19)

i s a di scretid8dbis @ PeTIRECLITRYIGE &ﬁ‘lé}wrﬁ%ﬁwﬁcc&r ]tnépﬁt?aﬁ“bl SMT' pr ocess,

whi ch i s knewBmipdaiyhexabodihéhiesf the inken#sit.. El ectrically conductive
fastening unit (14) may be any shape or material provided that it is
electrically 15 conductive, discrete, reliably nmechanically and

el ectri cal | Wigth schabdss-deotiang! viemdtakeacdopad-A1d)Fignl.t he PCB (10) , and is
al so adapted to be renovably nechanically and electrically attached to a
shield, as discussed below. 20 Referring to Fig. , 2B and 2C,

el ectri cal | Fisoh#e creas-gegtioeal ij“b?ﬁl%en(allﬂygi%ga@ﬁ@lge]d to a ground trace
(15) by adhesive nmeans (16). Preferably, adhesive neans (16) is sol der, but
it my alternatively be a condyctive .adhesive, ,or.of her known adhesive
means. @Pourfdst f 1@ Crasysec OP%W&I %keﬁoﬁagﬁ%ﬁe%fﬁggﬁer. Tin, silver, or

any other highly 25 conductive netal is alternatively used for the plating

opt P onal |y du i8R Gpasher{pl o B dbhe ARBLERELTTCE 2L (6).

G ound trace pads (13) are electrically connected to each other, and are

- the pattern :gr VS QL. . . ' 5 19round trace (15),
or the 30 seﬁclgi %Egs gfmggggg%lnog&??éé:viz%]i%gr\?ﬁ%gﬁhlﬁggp%%%gi ning after
portions of the continuous ground trace (15) which are renoved during PCB
" fabricati on.piBr gA 9§ althr¥ss-S 101 M6 abatlgloht3A-A6£Fid 1cul ar in shape when
used with electrically conductive fastening units (14) which are sol der
spheres or buttons (19). Alternatively, the ground trace pads 35 (13) may
be rect angulRig. 9B is hapess-véutivnad eiewithkerehloaigrAdabf Figbnduct i ve fast eni ng
units (14) which are clips (18). Wen ground trace pads (13) are circul ar,
it is desirable that this circular shape have a dianeter smaller than the
di aneter of, for exanple, the sol der 6




9 WO 02/ 0&187 PCT/ USU2/ 0~70~ sphere itself, but any shape or size pad
may be used if tolerances are not critical. This shape will have sone

effect o ngth of the joint between the ground tr -and the
”Wb 310596k 7 38?/ 5455764

sol der spheré€, as well as affecting the nmechanical and el ectrica
reliability - H0651204,3 _gg(gy%gﬂ hi,gbd anqdrgheqgtrically conductive
fastening unlfi% ?14 aas gséscrtl e ‘agﬁo&/, Esgq%?ééhoufgﬂl‘bg'sel ected only after
careful consideration and trials. Keeping the solder (16) in a small,
confined ar epjgl$hAgs 2QrE6s-sb@sdnd1vidwitakeRaldAPCEC opPyeder, since it allows
the inventionto take full advantage of the phenonmenon of surface tension
of solder, which 10 tends to give the electrically conductive fastening

“unit (14) a Bigl 10B4staairosgseapabillviey, takbh @lomgCiC of Fig.he exposed ground

trace pad (13). Depending on the electrical and nechanical requirenents of
t he design, the spacing and position of both the ground trace pads (13) 15

" and di scr et eligl #tis acaddsysevdiochad tviave thken elinggAwhdf Big.14) may be changed.

Usi ng smal | er spaci ng between the ground trace pads (13), and

correspondi ngly between the electrically conductive fastening units (14)
will res@lt Fig: b2ds acregsgsectiongd aiey teken slang Aigf Figsldescri bed bel ow) and
better nechanical retention of shield (20) once it 20 is installed over PCB
(10). Figure 3 i|llustrates a shield (20) accordinhg.{o an exenplary

enbodi nent  ofi8t hé 1§ AEAS-2Ret 'ém%wét%b?n ﬁﬁ@gcgﬁafhgehs (21) adapted to
cover sections (12) on PCB (10). Shield (20) has a flange 25 (22)

containing a.plurality of apertures (23). er e 23) are also forned in
shield (20) a%lgt %é%aé%ﬂ%é?etcﬁlé’ﬁﬁ V&%%?E%{bé%ﬁ‘% @é@%g orma pattern
corresponding to the pattern forned by electrically conductive fastening
units (14) h t i . te with each
(or substantslibi I}iﬂg%gﬁéﬁgﬁﬁﬁgﬁpgf%ghg%%ég%og ?3@3 #":g?{é’%}e% unit (14).

Shi el d (20) 9%¢npilaseambedimpaof thy Inyemtion: ached to it as shown in Figure
4. Figure 4 shows electrically conductive fastening units (14) protruding

t hr ough apert.ur .23) _to provide a secure,nechgnical 35.attachnent of

shi el d (190) ]%15' i’%(lf PRCTSREEIYH R agﬁmi%gﬁcog g 29eY i s preferably

| ess than t hexegrpdatyesmbodithbnbdbf thediventminl y conductive fastening unit (14)
(for exanple, less than the dianmeter of a solder sphere). Because
electrically_conductive fastening units (14) 10__ WO 02/ 0G9687

PCT/ US02/ OSA)S- 4P€ it arnparpediive wiesr oia shieldapcording ta anethesnt creates a
snap or int Qixfeﬁfgﬂé!ﬁeeﬁiHodMEﬁhoﬂﬁﬂe heveednl Yy rel eased by pulling shield
(20) away from PCB (10). Shield (20) is thus renmovably attached to PCB
(10). 5 When shield (20) is in place over PCB (10) with electrically
conducti ve flAgt isg penspectivid)icendin hield atcordimer toaresthe?3), an EM shiel d
is created i ion (12), as described below. This
pr event é}gor ﬁ’@%ﬁ?gﬁﬁ%ﬁ%ggf é%%l}%irlrla‘églgiobé radi ation from 10 entering or
exiting section (12). Figure 5 shows a detail ed cross-sectional viewin a
preferred enbodi MDETHITEBRESCQRIPAHON QK (THE INVENTEOMN al ong A- A of
Fig. 1) which represents an external conpartnent wall of shield (20) 15

i medi ately before shield (20) is snapped in place over electrically
conduct i ve fRefewinggounta theidgawingss Hegprasantingigndion pegyedesg e (23) has a
cont act 20e9i@pafrdble BMFOSHiglEFhrEh tHe sHIOIAIAGhedR@iIIK 44 | S adapted to

make nechani cal .ang el ectrigal contacf with el ricaglly .conductive
f ast eni ng urﬁ(i%thlfﬂ Ycpﬂﬂ?%@%%%{ﬂ%tr,ac‘e;aﬂ@aﬁ@hpé oFft 18

removable. Figure 11is a plan view of a PCB (10) according to an

embodiment of this invention. PCB (10) is a substrate having a
plurality of electrical components (11) grouped together in sections
25 (12). Surrounding sections (12) are a plurality of ground trace pads
(13). Disposed on each of ground trace pads (13) is an electrically
conductive fastening unit (14). For ease of illustration, only some of
ground trace pads (13) are shown to have electrically conductive



20 (24) has a fluted structure. Contact region (24) is deflectable. That
i's, upon the application of downward pressure (in the direction of the

arrow A i i and applied, for exanple, to the flang
surroundiﬂngtzﬁg%g{oerture (23) using sinple tooling such agcg&ééﬁ/ﬁ%@@mt al

tube), cont agdsté@i@icamit? ()4)daEpReHOPtHMR U DAL (4 PrdBeailethgt AN of 25 arrow
Bin Fig. 5) to fit over elfg)tcﬁlcally conductive, fasteping .unit (14). As a
resul t, cont & deéiafiﬁ ppds\ FER/R ele}’fénﬁéj@f eoinctShesteningmnit 6. Upon

the appl i ((:gg (o) cﬁépdsadtdmtrhedmm@@igahtﬁsﬁdié@}eté blii@ﬁtﬁcéli)?)zondmidﬁdi ng
aperture . eqi sna e position shown in
Figure 7. | n}atsﬁl sngggl?:g E)]hi) %S%P‘gétﬁ%péﬁf}@HR(%Qﬂéygbgt%éelpn secure

* mechani cdl engrrgundimg pactiomse@dler ence contact with el ectrically conductive
fastening unit (14), such that electrically conductive fastening unit (14)

is retained by contact region (24). In this manner, shield (20) is retained
“in position 8iBreEdsshawy a davadpd allustraidon phgleptricalliecondysdivie from a

dielectric ”ﬁis@éﬂiﬁbiuﬁi't Si@d 19 §leSeiledige dBHoRhentlR1 trié@gal foil,

nmet al - pl ated or, coa ielectr] terial, or a conpination thereof. Wile
several for nfYUGEVR 8§teé‘iﬁ1%t“nf“o&4gg%ﬂ Salad@ﬁisﬁflﬁre( 29$howRdpBYES ng or
vacE_um f 1y n‘ihﬁg. df @ sblder éﬁﬁekﬁ&@ﬁf@&ﬁh Eﬁ?{ md_@?ﬁ%ypé]%y%f fkﬂdéi?t hods for
wor ki ng .wi t ¢S, ause of their w.tooling, costs,, |ow

manuf act ur i n%ﬂizlgéé% It 154%%%35,31%?3{ V%dgrﬁ%lprﬁ SO t'é}'eds‘glﬂﬁf)&et% three

di mensi ons. Fhthatot dopswt eralt dunmigenibabqhent siocedsing 2Suchshighpl asti c

mat eri al suc LW ot L i -stynene (ABS) |,
ABS- pol ycar bgéna ee1 ﬁ%ﬁ%&lﬁ%ﬂ%ﬂ? %gl%yynllgedgélt %%4@? %f, fgaq#l ?ﬂ%ﬁ%&n@%@lﬁg,ﬁ or
expanded pol SRnserlRtiosy ofdeadi ahigh gencentratinncef tin apidaoppercohigd, or

| ani nat et Wi &dhcantia@iimCEme Gindveifobr B @bt WhAdn BbMBbBHMnNi ckel , copper,

silver, tin, or conbinations or alloys thereof. 10 AS shown in Figure 8A,
in a preferred enbodi ment, shield (20) is actually constructed of two | ayer

?126? di el IectSblderraphelieal wihdgte ard 2]2@) lansvraas edldet batls) ba/l]_;lgmzbyve I gyer

. Di el ecigd [l.a 7)......has an. i nner sunface a) and an

out er surfacggdZ‘g%%B&%egtﬁP?a‘ngﬁi’é r@c?ﬁ’lg‘ﬁiefsi eSOF(g e‘fyit%?rﬁ ‘éépﬂf%‘gposed over

at | east parélegricoliand meehanicalintyrcodhedte betweembwersubistiadge (fof 27) i s any

material wt [ I f e lL.ass than

one-m | lj ontér?u%?é%]}é’ %C%%bﬁpﬁﬁgﬁgggﬁ %/%d aglﬂzlrg’ ?%?(?% ?E(raef erably

f or med %P a Elég) .t spditignalinrthege igecannests aepmmetalprgicali on,

IeI ectr ?Izg)ss' Ipradsi mhichomje&ﬁadbehfcrh_iél ¥ ]fréﬂqvplo@biccieitﬂon,likrﬁ@ﬁdih(tﬁ? Itwocogg ;Jct iT\é_e

ayer I | am nat e out,er sur.fac . IS

t wo- | ayer arég’%gltea(%ré%? ?% géﬁ%‘%ﬁ?agﬁ?%ple gté‘&%ﬁ&??&%&@%?%ﬁﬁ@é)ql?%g ces or

el i ninates t¥dderodmpbden tofagilitabmelre Howfanskbqrbng of thensohleirrtg aunwant ed

el ectrical cqitagtonbddh %&Qﬁﬂ%@%@%ﬁga{&él)gﬁ%oﬁpfe Excfdﬁjo) Usﬁi’r%en though 25
s allows for e

mechani gal contact .imay sti ]l occur. T ! im’nat1 orr of any .

| ar ge g&t¥s Lﬁ%d%Fraél’i'P%%@l’(eﬁ@ﬂPWﬁe% thg metgHangmsal hond s meagside ben t he

vol ijlme of EIt h@rﬁiaaml I pboth ﬂaﬁ%h_@ﬁicalllb%[rﬁtélgégﬁcﬁil&,t %ﬂ@aéﬂ"@f ﬂﬁﬁiv@@l todbe q
smal | er. echric eonduct i-v er may Jpe any material adapted to
nmake el ectrisglgsltlcagﬁtsé&facﬁf’?%Wg}lgt&fﬁélﬁ%}fl&/lc dive 30 fastening unit -
(14), once shield (20) is snapped in place over electrically conductive
fastening ung - I nE VAR ence to Figures 5

t hrough 8B, %lﬁt}{e?%ggﬁtt a}tmleqné(}}tg{rwi%ggﬁe’:lgﬁ@ggi‘r%agplh\%ee]{?ayer (26) and

di el ectric rafellwgiqadlydonder)ondy tethe PEB.299 megaliurgisat hend kegi on (24) of
aper t ur 80( 23redfed, BEWe6E, FthebR thBRpRXiEatd ﬂﬁ&@ﬁﬁﬂ.ylﬁa?h@#,la%w flange (22)

to engage an nechani cal ly retain electrically conductive fastening unit
(14). In addﬂﬁff‘%?ﬁ?g & 2RQ%E] 4,%?9!13)93%{1 sphere 38 useq beproyadepnel d (20) at
- contact regiinterfédénce fitiwithZhe sWR182/ 00687 PCT/ US02/ GS570S el ectrical -
contact with electrically conductive fastening unit (14) when
While it is preferable that electrically conductive fastening unit (14)
35  is a separate part, a discrete plurality of which are installed to the

PCB like other electrical components using SMT, electrically



shield (20) is snapped in place as shown in Fig. 8B. In an alternative
enbodi ment, aperture (23) is larger than 5 electrically conductive

fastenin 4) to start, but re-fornmed to be snaller
el ectri cgvp% %9% uctive fastening unit (14) passes thr oug }U%Bzﬁ\pé?stu re

(23) thus congihichivs fﬁt@ﬂﬁ%ﬁh&cq'&% &f%;ﬂ Mtéﬁﬁ@ﬂ@w ¥€id@alieniing unit (14),

thereby deflecting contact anot er alternat]ve_enbodi nent
i |l ustrated SWSFHBW%@GQ‘AUOQBOY gHem i@“ﬁduéﬁ’éﬁtr %&lXF‘PR:]Sn’J@C%q @ fasteni ng

unit (14) a%p}f&lbys L8dBs BRRELEA Y 6@1§iudtnzefﬂa@m]@ng21%}t 1r11r)StHeU as it pierces
and then pass é t rough fl &WSZ& | ure 9A Stlff(g Sléllg d (20) and

fl ange (22) Eb)ﬁ & spher g@ exped an-situ by BYEHO ‘ﬂpar—ﬁ SJY cBBaShows t he
*aperture§ ZSbeeimstbhale;Hﬁcaq&tm‘mk@aigsﬁgromd ﬂi)ycé hE)eJmlct rically conductive
fastening un|t CI thr the a ure 9C shows
the aperture®? %?uélﬁtﬂﬁg?ﬁ ]Né)&‘ %?&Ylﬁ’ge téoc 3?%3* cgﬂg ve f ast eni ng
“unit (14) hashayesfsen thersodddr t}ireughamg&cezel)lsmﬁl gures 10A and 10B show
shield (20) in cross-sectiontaken across 20 line CC fromFigure 1,
representing an internal conpartnment wall of shield (20). Fig. 10A shows

shiel d (20) Imdpaltersaipve emhodimentelesizisply cenéwcféweﬁaﬁt%m Ynikonduct i ve
fﬁstfm rng)l ;m41t4 Q%é}:%l lf19) aé%ﬁﬁqwlghzsloé a(l%%hﬁéldrﬁfsh elalg.)ugﬂappfﬂ ove{
el eciri Cca nau lve n 0se,.SKI In e ar
will recognly(ﬂé??ﬁé O‘E"Hépeﬁ% g&l (gbpgi)é)s?(l‘éq’%}t%ﬁ 18 Grflisgret ﬁﬁﬁ"‘(cﬁe scope of
wi s inventi ﬂfatfxﬁay bbap@e@dgfsmg aciahdatd SHO prodedd)which ishimosii el ﬂ (20) i
at is critjc t. e chani ca
retention an#t?@ﬁ O8% £ ]ﬂlteg t%{ t ]% ?tlli c%&l(y ﬁ%éﬁ?fﬁé ?ﬁ@eﬁl r%ﬁ%cf(\l/ f ast eni ng
unit (14). Tinayibevant sh@mppmﬁemlprmdsd:thaw inalestriealy r onments for -

ext endeguhsoeré cBleldi gmemmf ﬁécﬁahﬁram 4 él%@ﬁh&'ll%l &&am&tqet esting
(ALT) may 1 nclu

e severe npec I C enviro tests
such as Vi br‘ﬂ@gwuﬁ%@@%lpagﬁé@kontthéprég Q:%mrﬁ*gls fgéo 9!4@1’ '&nﬁ)cnb?mst be
strong enougkerhvally YiechaniddiBuind elsertally Sttaph@bidg shiéld 4 is also
desirabl e fo(ﬁl]ét he jdcbégcté to survive multiple openings and cl osi ngs, so that

VA o1 e

shield (20) d a 13 WO 02/ 069687 PCT/ US02/ 0570s nunber of
times. 'There are also electrical requirenents that shield (20) nust pass,

agai n t hypugh ALL EQ%HRQA QBCH:H Q@egﬁcﬁﬁca:[ﬂ% tdrﬁ%P@!a ét{ gﬁ?%gfmgn d

mechani ¢al connectron bétween act
el ectri cal | y(Iddaziadhered torp grqlm;} tyage é%5 a@wév‘agaeanﬁd%} bl e, and that

the resi st anpgebiiylyHiHdigvd RicAnsi (F6PE dmlabup%ﬁﬂablaateraatﬁveryem
applications w Iéwgave (ﬂqffer ent requi rerre({ su resi.st ance val ue
and spaci ng #GPRERETYeH %Slv?j@bﬁéﬁhgnﬁ}g8r? hr?élvr?e@ﬁ@n%f il‘jfl‘l‘??é}ng 8%mto be
shi el ded. As(IShdhtypieally golitFplneed cofgeirgrinf silveronr aoy other bighlp4) will be
sui tab l S (\Mxlduchf%e nﬁ&%@ Q4 Z{ﬁgl{;?é(tniéix&ﬁ%ﬁ%ﬁh{é #)E‘ﬂlﬂé’%ﬁ%‘ﬁsealr& ?Qﬂ' are

W t hin e sCo i nven or the shape

of cont act reefibont groand rach 6. | 4 spldgumessla €l Ay ontionaddriuged oveli on ( 24a)

is sinply the.Reld tFREEC(15) tod0nBRel ddHRive?@RAnk (16)! @ﬂﬁrﬁﬁﬁhce paagendi ng upon

how 15 shi ela 20) nd tact regﬁ& é 4) .are |$stalé ver electrically
am cctrisally gorngated Eypesh phiey. wRf PEE RS PAtKR)e a f 1 ut ed

conductive u
configurati Ofbrﬁié@fb}ﬂmlﬂéﬁm&q\m) overtantinhbus| groubidtraas€,5)) ér the desirabl e

f t | t th f hi el d | i zed h

o o L Tl ) P O B, o
conduct i ve uthd cqntijuous grommiddracd (1) rvsdlmhmenrb@@lvﬁédurm PE®nt act 'region
{24) is sho Hrﬂ:aﬁoﬂu P?t%féi%g?}p%%ﬂndIt?aéehb%dseg@?%é@ﬂ&uldrriﬂes'h ?‘ér face (30)

of shield (2 mef al '] beca i nner
surface (30) sntmd th&hte&%qtglcaﬂﬁ@pnd%@m/fa@mmestwﬁs @St@ﬁphgram t (14)

-as shown in Elger dgheres or buttons (19). Alternatively, the ground trace pads

35 (13) may be rectangular in shape, when used with electrically
conductive fastening units (14) which are clips (18). When ground
trace pads (13) are circular, it is desirable that this circular shape
have a diameter smaller than the diameter of, for example, the solder



It is not necessary that apertures (23) in flange (22) are circular. In
another alternative enbodl ment, apertures (23) in flange {22) are in 30 the

shape of ‘cloverleaf', as shown in Figs. 15A

respecti Vgii')yoz%g?osgt her easily def lected confi gulrgfi on. aggﬁ&@?’g%r native

embodi ment | &, 5HRWLEIN L GnyhGpe! ot dewh@eé £#b1dr3ind sawt In
Bk Sny PR 2%

this case, rtures g‘11 35 represente %/
i ntersecti ngnﬂ‘é)PléBC%S hlaﬁbapsz&) e ﬁﬂm &90%(8} the strengih ehthes | arge

enough for tin M&n&h@%hﬁé'tﬂc&@@%ﬁlt\lﬁ Mﬂylﬂge%k@ﬂj@@ to pass
through witho ecti o li.din at.erall t he

def
electrically? ﬁlﬁ?ﬂ%kh‘%/’é‘e?g%?g’ﬁfﬂﬁatﬁ%?ctn’gi‘iﬁeﬁﬁa}%tw /8 Wween
© PCT/ i 1S0% CSdhield (Rpged dlb@trﬁﬁli(ymﬂmhoé dagt8Rngrumlit(a) ac tesczihech (24)

deflects t d I |1

conduct | ve 1 BEPan that thiid Bpldeet® o REBRR: PRRA L Gt et

' alpertur;aﬁ ( 28)alsn Ké@mm?tl(léﬁc)ldarél&)ama smadl, esnfased Areanusimgriodderl 6. Izg i's
aso Wbl N HIRISEPR &sﬁe@ﬂé Hﬁ%&gg&tc gréavgeg@% &Jfa}oqp&fs 5 (23) in

fl ange (22) 3 ange itself

to engage anfulte aﬁtmtagﬁ@féhe@bﬂn@memyn (P p\t@nsflagt@ﬁp}dgruw 1(14) I n

(5D ot "D ef B R HFM . g‘i%’d‘@'tma%n%é S
ecl.apbl e e re

el ectricall yc%a%tqavé @i\ gjﬁf@i‘? AP0 “?ilté?ce Pﬂaéilg)or y

conpartment walls (90) can be handl ed usi ng net hods di scussed above, or the

mul ti-conpar shi el ated intp individual gle 15
Corpar ¢ mont DRPEPATRE thet StrB T B PRl ot R oS80 ¢ o
embodi ment s désighethpr sypemg and ositton wéb@:hﬁémrgmuhdémaw add)descri bed

s PR AR ARl ARl oo

and descrlptlons S an
nodi i cat i onghamgedUsingsipal %na%acam betwern tie sxoynd trage refe (JPesent

i nvention w bﬂﬂ%oh@@p&@d&ﬁgl}ﬂﬁeﬁmﬂ tHd él\étﬂiﬂ:a@lk@oﬁ&ucﬁh’ée fadbbnihy 069687
CLAI V5. What i s ch mﬁf %0 15 qlgr
units ( 2) w result i better hig equency EMI shielding (as
described below) and better mechanical retention of shield (20) once it
20 is installed over PCB (10).

Figure 3 illustrates a shield (20) according to an exemplary
embodiment of the invention. Shield (20) has compartments (21)
adapted to cover sections (12) on PCB (10). Shield (20) has a flange
25  (22) containing a plurality of apertures (23). Apertures (23) are also
formed in shield (20) between compartments (21). Apertures (23) form
a pattern corresponding to the pattern formed by electrically
conductive fastening units (14) such that there is an aperture (23)
| adapted to mate with each (or substantially each) electrically
30 conductive fastening unit (14).

Shield (20) is placed over PCB (10) and attached to it as shown in
Figure 4. Figure 4 shows electrically conductive fastening units (14)
protruding through apertures (23) to provide a secure mechanical

35 attachment of shield (20) to PCB (10). The diameter of each aperture
(28) is preferably less than the greatest width of electrically
conductive fastening unit (14) (for example, less than the diameter of
a solder sphere). Because electrically conductive fastening units (14)

10



35 1. An apparatus conprising: PCT/US0210~705 (a) a substrate having at
| east one el ectrical conponent disposed thereon; (b) a plurality of

di screte ically conductive fastening units disposed,) b tern on
sai d subs\?bg)%gdggfr oundi ng said at | east one electrical cggﬁ/gﬁ(gg(??&’(c) an

M Shi ¢l 0 SOUBLESL B PadUBLEG (35 R 86kl BYBodtBy bgafy et sur f ace

and an outer surface and an ele conducti ve, | ayer "over at | east one

of said i nnintesfedence B whinhf mew; be epsily yaleased hyyputingpdhield @) f or med in

said EM shigld saehptBalop abKiedP 820)4E SRus 26rRYRBRattAcisa ¢ Pal ern of said
el ectricall ﬁ]soﬁ nductive fastening units; (e) wherein at | east one of said

apertures h a contact region and wherein both said dielectric materi al
" layer amgl said electrically conductive |ayer of said EM shield at said

contact region of. sai ertufe are able t.0 thenextent necessary to

al | ow sai dg%%%eble?%&ﬂﬁﬁs FbPL%‘r‘&aodsrgﬁfﬂéﬁg‘t’)aWht%a‘%le?%%‘E&PWHB%?&%%i a

" el ectri cal | fagteniigctimive (¥4 shapifilgintoiaperturep (28)d anitVdishialdiid el ectrical ly
duct i | " : : . : ; S lectrical

contact i ¢ frerer draff fonbbnSletat) B s&tich 6O A letcifdbaaw, & £LEF 0

An appar at ud'has priesfentiedr limitd ninwantevhelestromagnaizsradsgidonfrogmi d

I i eal | g LyVi&: i i i | d h . 3. A
el ectrigg gnggﬁgﬁgxﬁhﬂg%kﬁgh@%}gm ts is a solder sphere n appar at us

as defined In cla in said substrate has a ground trace di sposed on
it and at | east one said solder sphere is soldered to said ground trace on

Sa!g Sulbztrﬁglﬁre% showa Rt eS cisss dettinadl iri@v&Ci_rﬂért] m&femﬁrd ein at |east o][le
sai d sol der sphere i i nt erence cont th sai ntact region o
said EM shFEIR?. 1%n§°t/@?’6§9 %@8‘;{] Wﬁlﬂ%%é%@%@l%ﬂﬁ ‘g'gsp%f?g{%s as
defined i n @) sihicH refneseiis mnexkeehaktompattnyertomdlof sheld 4@ i s di sposed
on sai d,out er suy. 1 i trl er ] . An appar at us
as defi %%d ?%@?%%%ng\%?é‘?gb%@é?@eiglsgc P ?@éﬁlﬂ%%é\%glf({/tgmi%er i's

sel ected fr oomdngivy Geteringsingt (M. s %hqumﬁgwerﬁ, apsrtureniZskel , sil ver,
copper and %%gbd &ﬁﬁh@ﬁ%g?diﬂ(zaﬂ)!a%y&iamr&%it}@oﬁtame@magzaﬂ)% as defined

inclaiml ereirn said electrically conductive |ayer. i ail. 8. An
appar at us a§daBF‘?(£féhmiage(§1%‘i qc plectaga] cgp r"Y‘wE]&Iei‘iFt‘ﬁ?gal&%nducti ve
| ayer is fogsR@uityvafaptaingunie{ed: dd thiosmbodigent)gontactpagioar i ng, vacuum

o re00 “RORALED 0 PSSR haLlthe i SCLARbANE B 10, %
of el ectri cas, wempdresapdicatignsdidewEw ashprdsgufe finibe doegsionsefsthg plurality
of conpart ngni sy 20APFEA 5t An8 ApPliedafd dilahiFle! to/t10f NRhEE [22)GabacoMPONENE S.
surrounding the aperture (23) using simple tooling such as a hollow
metal tube), contact region (24) deflects outwardly (in the direction of
25 arrow B in Fig. 5) to fit over electrically conductive fastening unit
(14). As a result, contact region (24) achieves the position shown in
Fig. 6. Upon the application of further downward pressure, flange
(22), including aperture (23) and contact region (24), snap into the
position shown in Figure 7. In this position, contact region (24) is
30 thus in secure mechanical engagement by interference contact with
electrically conductive fastening unit (14), such that electrically
conductive fastening unit (14) is retained by contact region (24). In
this manner, shield (20) is retained in position over PCB (10).

35 Shield (20) may be made in part from a dielectric material, filled
dielectric material, metal, metal foil, metal-plated or coated dielectric
material, or a combination thereof. While several forming methods
exist for such a shield (20), thermoforming or vacuum forming are
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10. An apparatus as defined in claim1 wherein said aperture is 25 forned
as said electrically conductive fastening unit penetrates said EM shiel d.

11. An E for a substrate having at | east one ele gyponent
di sposedWQﬁ'Qé’ng?génd a plurality of discrete 30 electri ca?ﬁf/l}gonéﬁct ive

fasteni ng: Ul aROSEAAL R BALEE b ING: S YOSLLALA RUENBYNII O the

| east one e oni ¢ conponent
dielectric riﬁ@bflgacpsﬂsa}fé'f ntpnfachuaing eote, aud ﬂbﬂ@ymdo@m co h surface; 35

~ (b) an el esqltlélcpﬁ{a{ﬁésqﬁrtﬂwetam?eﬁs%ﬁg P8 méds ﬂl%?élecpﬂﬁltghaffdrd | nner - and
outer surfac 7 /069687 PCI/US02/0570s .(c) plurality of

apertures f {29 ésd?d) agticapatezialsuchaas E@Wﬂa%@@?%@éﬁ’]@&tﬂf@%pond to the
" pattern of thgadi@td styeahd YABONINBIS-Walytasionakd Bldhd, pslyetHirivhigs i n at

| east one of ertu has a cont,act erein hoth said
dielectric rﬂﬁgﬁ%ﬁfl’ '11%98%3’3‘?1‘69 oxiexrapde rﬂoigﬁf%f@@ﬁﬁé}gyr% F‘Hyéﬂl% of said

" shield at sawvHichoistidatedr egated af la&m:mta@wltluae}nghe:oddﬁd:t@ﬁttﬁhi@;al0 t he
extent necesg c I a nd retain at |east
one of said Z%h %%iglgg’lk]ln% con ueclt ?(\%epaeio }fis&t enr r?% cﬁﬁl?) 19&13 Smi e) wherein

sai d el ectrlailﬂylsyth@mﬂfuct ive |ayer of said EM shield at said contact
region iy in electrical contact with at |east one said electrically

conductive fastening it. 15 12. EM shield as defined in claim11l
wher ei n sai drepRevaR lgylet%dwc@mef;n%em'bedwg@wbw 1442Qdd out er

surface of Sea:ltdany@bﬁmﬁcﬂédrmwbllayefsahaheleéﬁm ﬁsfhtEMal Riyle@l(@7andlef i ned in
claim 12 wherei aid,electr h & 0] veI IS S cted fromthe
group consi st ﬁ% fﬁl i “’?‘ ?&/elg ﬁg T}#’J@ ché']l %]rlay%g%gr and

conbi nat i oniasﬂnahhmymﬂfﬁt&r(@éa) and. anPaiutEMqusfucel(%)asEléeifmcnﬂlgr inclaimil
wher ei nigal qcloﬁdﬁ%ﬁ'%é \A%Léry@é?lscﬁgl%%cet (%{%r a@i?zrist C@ax{& utejr5 urf‘n EM shield as

defined™in c n’ 'sai rical Prve )PecleISfOI’rTEd by
a process sdRBbt Bielpetain mlaéergaldaﬁebﬁ%patamrma@pna.lmnwoy lavapor

deposi tion, #b&eidap hm&iﬁfﬂ (Bsh ex¥npRY 184 SRS NE- i 11dhh inlb/crh§: AN EM
shield as deéllegt?rlca]_{]y conaductlve laye er(%IGylssgxl'eq'el a%tiy tfcrwrarlrtleed by a process
such as sputtering, vacuum or vapor deposition, electroless plating, or
20  electrolytic plating. Electrically conductive layer (26) is alternatively
a foil laminated to outer surface (25). This two-layer arrangement is
particularly advantageous since it reduces or eliminates the
possibility of inner surface (25a) from making unwanted electrical
contact with any components (11) on the PCB (10), even though
25  mechanical contact may still occur. This allows for elimination of any .
large gaps under shield (20), which can consume valuable space in
the volume of the electronic device, thereby permitting the design to
be smaller. Electrically conductive layer (26) may be any material
adapted to make electrical contact with electrically conductive
30 fastening unit (14), once shield (20) is snapped in place over
electrically conductive fastening unit (14) as shown in Figure 8B.

With reference to Figures 5 through 8B, it is seen that electrically
conductive layer (26) and dielectric material layer (27) of shield (20)
35 at contact region (24) of aperture (23) are deflectable to the extent
necessary to allow flange (22) to engage and mechanically retain
electrically conductive fastening unit (14). In addition, electrically
conductive layer (26) of shield (20) at contact region (24) is in
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has a plurality of electrical conponents and said shield further conprises
a plurality of conpartments adapted to cover said 35 plurality of .
electr!cahogﬁmaggpnts. 18 WO 02/1169G87 PCT/ US02/ US705 ;ETK@&MEME shield
as defined in claim 1l wherein at | east one of said apertures inrorned as

at | east oneeleétriil dortttwitk aldcirieARdesidutiviedabmhng unii (1) RanRet r at es
said EM Shisg'lbid @ 8. An a(gdﬁar t us co%ri Sl nﬁg%g))ga substrate having at

| east one el TEEH 12 BHHOR Pd?a]?ﬁ%@écf W& Bon'& BFa plurality of discrete
el ectrically conductive fasteningunits disposed in a pattern on said
substrat el0s | Sl . t I - nent; (c)an EM
shield consi%%ﬁé@gggﬁ??g%@&dé#%g?f y: eg_g'tl% @‘?ﬁ%@%ﬁ%ﬁ%@e material;(d)a
“plural ity ofelagidradeondychize fagteningiumi (1 4htaestars dutt reHarmeditd baper t ur es

cor r espond tsﬁnﬁﬁéf’aﬂ%}E%c&i@éﬂf@drfh&c@iv%'fﬁﬁéﬂiﬁéh‘rﬂ%@%‘g%éés"e fasteni ng
units; (e) V\:fi&l’ﬁ‘l .at | east one?{ sal d apertures s’a contact region and
“wherein sai dthEPB8hAt-cAPetus AdRctiiuscopatasts Arognd eleqrieally shiel d at said

cont acttregimdiu%tid@ffh@ué?@bé ?nit@lﬁ{]&lh@i‘é@n&eﬂ&%ﬁl%s@ff _n‘ataét?re%iidr?@tf??i d contact
region to ~ engage n retal e one . J e ca

Conduct | ve fHSPEPTRE Alfarnabivh S harimenh MLustas tatioy Fedaes e BRaaRe) ve

mat er i aI1|00f 3G, de&Micadlyi (Eirrdluativsé':?.sieﬁhrg gnit (ﬂé};h«?ﬂﬂtaﬂ? formelapettureal cont act
ith at id L Ay Lve fastenkn S5aunit. 19. An
abpar at s as20ops 286, (28 UM S8l MieRPOUA e PRSI gRBE - [T eal Ty
conductive f@}-eHigigreithshows the sbiedd(2@)phed 8ango (22). prier tpider at us as
defined in %ﬁr%ﬂ@}%%ﬁh@f&ﬁdé&,%%%hﬂ the p%m&e,t(g@fﬁl fesposed on

it and said at | easf, gne sold sphere i.s soldered to, said ground trace on
sai d subst r R¥CEH0 bﬁ%naﬁglapaf b the edpetrifally Fm@uGHiv etames st sai d at

| east ong 31gapbiatimpilavaghshe flangbqRRpira WetaW8GhoWsithesai d cont act
regi on of said FI\/[ ?é’:)ﬁlﬂ 19 %02{ oeqél 87 RCT/ US02/.OS 0(3F 22. An

appar at us asTRféthfe ullyformed affer theplectriraly SOpAREUre Astemdsct i ve | ayer
i s sel ect ed dnibfi4hkagpasged thoosgls theflange 422)i num tin, gold, nickel,
silver, copper and conbi nations and alloys thereof. 5 23. An apparatus as

defined in claim18 wherein said electrically conductive layer is foil. 24.
An appar at ustFigsreeiPAand R0BIshow stgelgh@Od in cregsceetiontakeantypss0 conduct i ve

layer i 90f orligsChg floiIBigass 15RlpResating amihbanal espaltmom f8lligrg, vacuum
or vapor deps%siéltdl &%) %Jige.cfd’f ls ows gi‘xi%tl(i %) i%annqegga%ecltyrbcgfgxtel geiglg ating.
snapped over electrically conductive fastening unit (14). Fig. 10B
shows shield (20) after being snapped over electrically conductive
fastening unit (14).
25
Those skilled in the art will recognize that there are many possible
variations within the scope of this invention for the design of contact
region (24) for the shield (20). What is critical is that contact region
(24) provides reliable mechanical retention and electrical contact with
30 electrically conductive fastening unit (14).

The inventive apparatus must survive harsh environments for
extended periods of time, which is simulated by accelerated life
testing (ALT). This ALT may include severe mechanical and

35 environmental tests such as vibration, thermal shock, thermal
cycling, so the joint must be strong enough to survive without
loosening or popping off. It is also desirable for the joint to survive
multiple openings and closings, so that shield (20) may be reused a

13



25. An apparatus as defined in claim 18 wherein said substrate 15 has a
plurality of electrical conponents and said EM shield further conprises a

pl ural i t Vw8 f%@@g&fart nments adapted to cover said plurali typg{. s Z?O%Tu{\l cal
n e

conmponents. apparatus as defined in claim18 wherein a ast one of
20 sai d aperdwinderio$ timesrethase ale 418@8lecHfialGleqadiethaltgghhi Sidbld/ conductive

fastening un etrates sa 27. An apparatus,as defined in
claim18 vvhe(lfzbs HQES}IH"S@P aepm @PP%% Lc[’?]f’\}%a%’teegr"il mont ]zﬁb?gl ectric
material conthai eleciyicad amlmﬂuchamealpmmhlecthen beB8eernomppt redions (ZOpri si ng:
(a) a substr t e oy onen osed thereon;
0By e phop T (0] PRl 8RR Sp RSN Bl (AIRRAT B SRR T

" surroundifng Imastblat ah@abat theretigonce dwo%gr‘hb@nemt 1s @s)lowrasEM  shi el d
conpri sing t Jfgpst one

el ectrical i%é ?ﬁgntm@%%t%ﬁ@ é‘rﬁ‘g@ g‘ﬂee(?ﬂgeg%ﬁes &n@ﬁdt efﬁgctrl C
“material | ay@ic @rﬁ%wtaﬁg:eaw lne gad syaemgcferéh@mntw@@en mgwan and an

el efctrl cal | é’tl%%@@é&‘stdf\l’j%d gegn%%% sﬁﬁelﬂ?&é?s@i@éﬁh Qﬁfe‘r&ﬁe& and ;)uterII
surface; an ein saj c rically
e A o2 oo e G R e b e b Freas e os | oo,
one of sk d tdwisdekiliqahai else am&\laﬁrmﬂhmahd stidfe sfihgs thvamdionai d sol der
spheres copabine to limt electromagnetic radiation fromb5 entering or

exiting said at |east one conpartnent. 21
. AN3Y. A2, A2 Asmlkraativarembodigaent Aordhershapk of chnd2ctaegionn@3Faxz &BC=Vi u X

?+ ke

o) oal bt c: AR B GAICH BA 39 @%“%ﬁf@fﬁ&%%ﬁvﬁm@ﬂ? B ki oy 0f 000

s11v2} xsmhc/Pgaamets l‘c R e apeHnEY Peafe BRfe8P¥al] ca] cal ca
fc%ﬂl@ P%taqr é? dlaneg) @8l Pepentlt h

] ca] ca] cag caji§ald xﬁ%ﬂ?h@é‘hﬁ@hﬂ@d over electrically

22 3x333- 4 444444 77
VTSN vjq‘i?f‘é\‘\ﬁf‘]" g?f@] ?%Uf%&fﬁtaﬁe@a% 9dgflegts i hayeafted ) ca) cal cal
ca] ca] cal ca/L\cﬂoMm]aﬁah&ajohae]scﬂiatashowhaa]E@l 2! AABGECE SBETtHE LL MOMTMYIVM PgRTT
T
eta ave a met laye1 to maintain electrical conduct1v1ty to
20 electrically conductlve unit (14).

A further alternative embodiment for contact region (24) is shown in
Figures 13 and 14. In this embodiment, inner surface (30) of shield
(20) is metallized or has a metal layer because it is inner surface (30)

25 that contacts electrically conductive fastening unit (14) as shown in
Fig. 14.

It 1s not necessary that apertures (23) in ﬂange (22) are circular. In
another alternative embodiment, apertures (23) in flange (22) are in

30 the shape of an “X,” or “cloverleaf’, as shown in Figs. 15A and 15B
respectively, or other easily deflected configuration.

Another alternative embodiment is shown in Fig. 15C, in which
aperture (23) is a “slot”. In this case, apertures (23) 1n flange (22) are
35 represented by two intersecting holes (31) and (32), the primary hole
'(381) which is large enough for the mating electrically conductive
fastening unit (14) to pass through without deflection. Upon sliding
the shield laterally, the electrically conductive fastening unit (14)

14
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the electrically conductlve fastening unit (14). In these two

10 embodiments, flange (22) along an exterior compartment wall (91) of
shield (20) is deflectable to fit against and be retained by electrically
conductive fastening units (14) on PCB (10). Interior compartment
walls (90) can be handled using methods discussed above, or the
multi-compartment shield can be separated into individual single

15 compartment shields to accommodate this embodiment.

While particular embodiments of the present invention have been
illustrated and described herein, the present invention should not be
limited to such illustrations and descriptions. It should be apparent

20 that the changes and modifications may be incorporated and
embodied as part of the present invention within the scope of the
following claims.
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10% & ()-fF10% & () - f GPBdAIEPesed Iy HIpEber 10”6%96191 %ﬁbcullttmfm%\& ()-
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1p f, 1090\ & ()- 8@() %{nﬁw%g%ﬂ%}m&‘d%&a?elﬁ}itfﬁ‘v}&‘&t?r)lal layer ;| _y>saBc

10\ " & having an inner surface and an outer surface and an
electrically conductive layer over at least one of said
inner and outer surface;

(d  a plurality of apertures formed in said EMI shield such

15 that said apertures correspond to said pattern of said
electrically conductive fastening units;

(e) wherein at least one of said apertures has a contact
region and wherein both said dielectric material layer
and said electrically conductive layer of said EMI shield

20 at said contact region of said aperture are deflectable to
the extent necessary to allow said contact region to
engage and retain at least one of said electrically

. conductive fastening units;

® and wherein said electrically conductive layer of said

25 EMI shield at said contact region is in electrical contact
with at least one said electrically conductive fastening
unit.

2. An apparatus as defined in claim 1 wherein at least one of said
30 electrically conductive fastening units is a solder sphere.

3. An apparatus as defined in claim 2 wherein said substrate has
a ground trace disposed on it and at least one said solder
sphere is soldered to said ground trace on said substrate.
35
4. An apparatus as defined in claim 3 wherein at least one said
solder sphere is in interference contact with said contact region
of said EMI shield.
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6. An apparatus as defined in claim 5 wherein said electrically
conductive layer is selected from the group consisting of
aluminum, tin, gold, nickel, silver, copper and combinations
and alloys thereof.
10
7. An apparatus as defined in claim 1 wherein said electrically
conductive layer is foil.

8. An apparatus as defined in claim 1 wherein said electrically
15 conductive layer is formed by a process selected from the group
of sputtering, vacuum or vapor deposition, electroless plating,
and electrolytic plating.

9. An apparatus as defined in claim 1 wherein said substrate has
20 a plurality of electrical components and said EMI shield
further comprises a plurality of compartments adapted to cover
said plurality of electrical components.

10. An apparatus as defined in claim 1 wherein said aperture is
25 formed as said electrically conductive fastening unit penetrates
said EMI shield.

11.  An EMI shield for a substrate having at least one electrical
component disposed thereon and a plurality of discrete
30 electrically conductive fastening units disposed in a pattern on
the substrate surrounding the at least one electronic
component, said EMI shield comprising:
(a)  a dielectric material layer having an inner surface and
an outer surface;
35 - (b)  an electrically conductive layer over at least one of said
inner and outer surface;
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said contact region of said aperture are deflectable to the
extent necessary to allow said contact region to engage
and retain at least one of said electrically conductive
10 fastening units; and
(e)  wherein said electrically conductive layer of said EMI
shield at said contact region is in electrical contact with
at least one said electrically conductive fastening unit.

15 12.- An EMI shield as defined in claim 11 wherein said electrically
conductive layer is disposed on said outer surface of said
dielectric material layer.

13. An EMI shield as defined in claim 12 wherein said electrically
20 conductive layer is selected from the group consisting of
aluminum, tin, gold, nickel, silver, copper and combinations
and alloys thereof.

14. An EMI shield as defined in claim 11 wherein said electrically
25 conductive layer is foil.

15. An EMI shield as defined in claim 11 wherein said electrically
conductive layer is formed by a process selected from the group
of sputtering, vacuum or vapor deposition, electroless plating,

30 and electrolytic plating.

16. An EMI shield as defined in claim 11 wherein said substrate
has a plurality of electrical components and said shield farther
comprises a plurality of compartments adapted to cover said

35 ~ plurality of electrical components.
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()  a plurality of discrete electrically conductive fastening

units disposed in a pattern on said substrate
10 surrounding said at least one electrical component;

(c) an EMI shield consisting essentially of an electrically
conductive material;

(d)  a plurality of apertures formed in said EMI shield such
that said apertures correspond to said pattern of said

15 electrically conductive fastening units;

(¢) wherein at least one of said apertures has a contact
region and wherein said electrically conductive material
of said EMI shield at said contact region is deflectable to
the extent necessary to allow said contact region to

20 - engage and retain at least one of said electrically
conductive fastening units;

® and wherein said electrically conductive material of said
EMI shield at said contact region is in electrical contact
with at least one said electrically conductive fastening

25 unit.

19. An apparatus as defined in claim 18 wherein at least one of
said electrically conductive fastening units is a solder sphere.

30 20. An apparatus as defined in claim 19 wherein said substrate
has a ground trace disposed on it and said at least one solder
sphere is soldered to said ground trace on said substrate.

21. An apparatus as defined in claim 20 wherein said at least one

35 solder sphere is in interference contact with said contact region
of said EMI shield.
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24. An apparatus as defined in claim 18 wherein said electrically
10 conductive layer is formed by a process selected from the group
of sputtering, vacuum or vapor deposition, electroless plating,
and electrolytic plating.

25. An apparatus as defined in claim 18 wherein said substrate
15 has a plurality of electrical components and said EMI shield
further comprises a plurality of compartments adapted to cover
said plurality of electrical components.

26. An apparatus as defined in claim 18 wherein at least one of
20 said apertures is formed as at least one of said electrically
conductive fastening units penetrates said EMI shield.

27. An apparatus as defined in claim 18 wherein said electrically
conductive material is a dielectric material containing
25 conductive particles.

28. An apparatus comprising:
(a) a substrate having at least one electrical component
disposed thereon;
30 (b) a plurality of solder spheres disposed on said substrate
surrounding said at least one electrical component;
(c¢) an EMI shield comprising at least one compartment
adapted to cover said at least one electrical component, said
EMI shield further comprising a dielectric material layer
35 having an inner surface and an outer surface and an
electrically conductive layer over at least one of said inner
and outer surface; and
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