——~p¥ -event -eas\BAECH

24 August 2005 TITLE OF THE | NVENTI ON REMOVABLE ELECTROVAGNETI C

| NTERFERENCE SHI ELD FI ELD OF THE | NVENTI ON Thi s invention generally
relates to an inproved el ectromagnetic interference (EM) shield. Mre
particularly, the present invention relates to a shield tHapguss2083asily
renmovabl e, conpatible with single or nulti-conpartnent shield designs,
thinin profile, | i_ghtvveigﬁ!E@@drHEmrMN This solution is

particul arly advant ageou or usée in snmall electronic devices, such as
cellul ar phones and | aptop conputers, anong others. - ----BACKGRQJND OF-
| N\VRN TION  EMREMONABLE ELECTROMAGHIEHG RFEREREE r om ent eri ng or
exiting sections of a printed cigpmrp board (PCB) containing electronic
conponents. A conmon type of EM shield is known as a "can". A can is
soldered to the ground trace on a PCB, directly over the electrical
conponents that need to WMOHH extrenely high levels
of shielding effectiveness, and are typically very reliable. They are

often instal d3n| n?)a fuII %gggsarre @imv% l@c&oﬁa f ace nount
relpartisulary, t

t echnol ogy ( onents thensel ves are
instal | ed onnwrfemw@/ﬂ)wbﬂ rPéleSénF F8%hr ocess. The cans

themsel ves %ﬁt&%d@ﬁmmatsdmnym@novﬂl@wmtﬂmwtthwglmr ot her forning
process, and bile N H‘tw@%‘h@'anﬂs often pl ated to
enhance sol @glbtiom&%i%hg q@ céng aq} >?| n or_corrosion. A
sol dered cadownisycask é‘?l}‘tlo%lﬁsﬂaf@? “F%f‘n provi di ng EM
shi el di ng ormlIRMRtroaisdevies, slﬁéleu)s@ﬂalasmhmhalamlﬁﬁphod of choice for use in
smal | porta as cellul ar phones. There are several
dr awbacks t?”ﬁglg%éé%%?e ?Scans however. One such drawback is that cans
are very difficult to rermve once soldered down to a PCB. This fact can

N )f -components under nea*th “t”ne*’*

~cans;-whi-¢h-can- S|gp|f||cantly add to

EMI shields limit electromagnetic radiation from entering or exiting
sections of a printed cireuit board (PCB) containing electronic
components. A common type of EMI shield is known as a “can”. A
can is soldered to the ground trace on a PCB, directly over the
electrical components that need to be shielded. Such cans offer
extremely high levels of shielding effectiveness, and are typically very
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 onio 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
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.

There are several drawbacks to using soldered cans, however. One

such drawback is that cans are very difficult o remove, once soldered

down to a PCB. This fact can prevent easy repairability or inspection
* »f components underneath the cans, which can significantly add to




24 August 2005 costs in the manufacturing process or during repair. In
addition, the cans may inpede proper heat flow to these conponents during
the reflow process, sonetinmes leading to inproperly soldered joints. In
addition to these issues, other problens with cans exist: #® st408
difficult to produce in nmulti-conpartnent designs, where the conpartnents
serve to isolate conponents or groups of conponents __from each other on a

PCB: they aresisjpithempyuipetiging parcosspaspingirepadr. fyadditigns thende of dense

- metals such @sssi@dnpedd@ypéntpat fbw Yo theqeitontponehtaauaingehover the conponents

th | ; o £ tigs I thick
of the ol eotFaRlgroa ikl it tﬁéﬂﬂ?{?ﬁ%ﬁ?ﬁ;&%ﬁ‘g@%ﬂ? htight flatness

pa Y l
t ol er ances, @%dﬁé%@ltﬁ‘iﬁeﬁu?%é‘ﬁ‘eéé’ﬁgﬁ%% CRRF &Ccan lead to
sol dering didifﬁwhltbbmducetih@ulﬁammﬁaﬁmﬁntﬂésignﬂ%ererﬁke with tight X-Y
di mensi onal ol SHAGESser¥ ¥oGbblate icbBPodeRtCGSmblis ofemipdiehtd ar ge, mating
ground traces to oltger t o gga cans, (Cans tlat'{:ll.ls can of ten consune | arge
eTSER gé rﬁ’ﬁy %W@H:aﬂ% relatively heavy since

amounts of sHHREAGH : )
- undesi r abl etheg ard thadecof dpirermastatsomich as stdel; thytypicallyswwgirer and smaller. To

gddrezs p{owﬁﬁﬁnﬁy&&ﬂh@%ﬁ@&wtﬁxyﬁe @ﬁ@ﬁa@,aﬁalt@?&&gm& opped cans P?ve
een devel oped. nap-on adhesi ve- backed. | i cans are often
referred to Sé@l&n?a@ﬁgi%ﬁﬂt?y ef%ﬁhfcg‘ne%sﬁgg%re&eiecgﬁo P E?%e #Ifleg' PCB as a single
part in a siaredifficulitomalke wish Hichhfainessdalemancey, especiadly asithes att ached to the
fences eit heandbicams ke, aFHieK cdrieadidlsohicping difficWlties;alangine is found in U S
Pat ent No. 5. ch. bl . | | - avays nmechanically and
el ectricall &Q@F‘gg?oe? o@%&@¥%%&%ngﬁmﬂ\%ﬁéﬁm§§?’¥% mul ti - conmpart nent
desi gns. Th@ftﬁqurpestb@mfbmge,n&a@r@l@o'p‘yﬁmfeéﬁ% %8 the so costly and

suf fer fromesafeCamfthtd@nsedton qgnoimelargemmomitsivfspandome P probl ens as

cans_W_t houty.tenpy:abl.e il ds g?&qg, Vel PBnesicbAiRESE degSUES are of maj or
~-concern-to- -dﬁ?lgpie%?ﬁa%q’ ggérl?an%ét esgjﬂ%gnceess to the F%B particul arly as the

r S
conpart nent $ ?%ilﬂ%ﬁ]reﬁ' size and nunber. O her renovabl e shields are used
in the industry to resolve some of the issues associated with cans,

- particul arl ypoi Jaapadk brobfeedPfth PHirability of components, open-topped

cans have been developed with snap-on or adhesive-backed lids. Such
cans are often referred to as ‘fences’ or ‘walls’ and are affixed to the
PCB as a single part in a similar fashion to standard cans, with the
lids attached to the fences either before or after the SMT process. An
example is found in U.S. Patent No. 6,169,665. Such removable lids
are not always mechanically and electrically reliable, however,
especially when made in multi-compartment designs. The multi-
compartment, single-part fences are also costly and suffer from some
of the same ground trace width and weight problems as cans without -
removable lids. In addition, flatness issues are of major concern to
properly soldering these fences to the PCB, particularly as the
compartments get large in size and number.

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
sommonly used multi-compartment shield is a metal or metallized
plastic cover, fastened to the PCB with screws. Often, a conformable.
BMI gasket is required at the interface between the shield and the




designs. These solutions can take several different forns, but a comonly
used multi conpartnent shield is a netal or netallized plastic cover,
fastened to the PCB with screws. Oten, a conformable. EM gasket is
required at the interface between the shield and the 2 24 August 2005 PCB
(since solder is not used), to pronote nore uniforﬁ@g&ﬁ({ogcal cont act
across the joint. This type of shielding solution affords the designer

much nore f ibility,.in acco dating multi-co rtment designs, and
Tves The bRcRGhoe tolden & R SRR promiets Tt bESREGetRg “The v and
manuf act ur i ¢egtast awesssthe @int Rbisdpmned shecldisg splugan kEpuls ththi el di ng sol uti ons:
Pave p”)bl ed@ighbr mbdEbreoMdibilfeny aSohtMGdating afultebompamvat| e fr ﬁSte”fL s are
ypical ly r . S. us, e
“shields rru‘iéelg%gg’ aﬁggie\%fs?%ﬁfeé?ﬁﬁ%&%%%?ﬁ%éﬁ@{@?c agélgérequi rements add
wei ght , t hitBgA&E andmapufactygag PESESSs, nanufacturing tine, and, ultimately,
cost to such designs. The gaskets used with such shields are also subject

t o damage,. ' - f tf: i ' MEFT by el ectrical
corrponents.(ﬂmtfem lsdg’ %U?%E%%%gusgnw?l&]ﬂéﬁoﬂ &%u%:a%épﬁ)fr?%f expensive to install

It 18 , I ,

or Tenove  APFI Gy NIaTY soredtear SRS remAtln Lsighet dre Apically) hee. U, s, Pt ent
No. 6, 051, néquidesktoradoguatelyeoimpress yineENH gabliats. T hukahe shieldsvabl y snaps into
clips pl aCgﬁusﬁm%ctfftﬁ?giiﬁ%ét%&ﬁ'pl&ﬁmh @E‘&luﬁ@mleﬁts%@@ Bega?se the c: i ps
snap around_f. S i , -an,. ccommmodat e a single
congartrrentwé_lﬁlﬁtéﬁgg%éag% %&agqoﬁgg%grw%nru%qmg%%?térllrled?llt_ wal | s have no gdge.
These cl i pltigiisds cosfdy sueledesignsy Thageskets uspdipath sugh shigldsxt renel y costly
and are reque alkd sitijedtas demage) Midclsniag ofienWadeo phicpeirctsicfl di ng

ef f ect venmﬁﬁlé@lﬁ&ﬁﬁﬁg@é@qpima%m@;o&ﬁﬁﬁ Sl gl tion to cost,

above. | suciPRE Y GRRE PEETHEAE B {reAES SO GHHTESHEH 5 among of hers.
—\What--has-nqtladeer et of ore been provi ded, and what is needed, is-a shield
that is renovabl e and yet conpatible with single or nulti-

U.S. Patent No. 6,051,781 describes another type of shield that

removably snaps into clips placed around the electrical components on

a PCB. Because the clips snap around the edges of the shield, they

can only accommodate a single compartment shield design, since

internal compartment walls have no edge. These clips, since they are

intricate in shape, can be extremely costly and are required in large

numbers to provide proper shielding effectiveness in large, multi-

compartment designs. In addition to cost, however, this device suffers

from many of the same disadvantages mentioned above, such as

ground trace width, thickness, and weight, among others.

What has not heretofore been provided, and what is needed, is a
shield that is removable and yet compatible with single or multi-

compartment designs, thin in profile, lightweight, and low in cost.

SUMMARY OF THE INVENTION

In accordance with an aspect of the present invention, there is
provided an apparatus having a substrate with at least one electrical
component disposed thereon; a plurality of discrete electrically
conductive fastening units disposed in a pattern on the substrate
surrounding the at least one electrical component; an EMI shield
comprising a dielectric material layer having an inner surface and an

3




conpartment designs, thin in profile, Iightweight, and | ow in cost. SUMVARY
OF THE I NVENTION I n accordance with an aspect of the present invention,
there is provided an apparatus having a substrate with at |east one

el ectrical conponent disposed thereon; a plurality of discrete
electrically conductive fastening units disposed jn, a bakern on the
substrate surrounding the at |east one el ectrical cofponent; an EM shield
conprising a dielectri teri | ayer. having an inner syrface and an 3 24
August ZOOW%WWaﬁﬁmcﬁ@bng%ﬂCﬂjL{c@P ‘é‘it‘rvie?%)fqrgv‘?fcﬂ%‘@éttqnﬁé%l ayer over at

| east one othe itirte ahdoeter surdhceys phurality fofepertarcpfarmeatiiin theof apertures formed
in the EM Eﬁﬁ'éﬁ&d%ﬂ&{‘th?gﬁk ah&%ué?@éﬁé&b%%?&{h!é ReMbiRe t he pattern of the

el ectrically canquctive I.ng unit er.el n at ast one of the
apertures hé'%"tgc g’rﬁ(’é‘é?"t‘r"&gtf'g?f“%%dnlgﬁ%&ﬁ?ﬂeﬁn %‘FW PREO €l ectric material
layer and tdpertetasdns acahlayt regiodadiwtertiayeth i didlectiM shield at the

Cﬁnt acz hr e%ﬁﬂéﬁﬁl{la&é}ean, ﬁl@ﬁét éluétﬁcﬁ[yecdiﬂgbﬁ%%lapé&ftt& EbE sﬁ?{é‘k?nt ¥ necesg ar %/ to
al l ow the cqntact .Tegion engage and .r R e rically conductive
Fasteni ng the anteet P bReEnBaticPy abfidpte kil sEIsfife | ayer "o “the EM
shiel d at thasessemnt igctlowdhe epntpet region feengage and reeintthet with the

el ectri cal | slegtApdbcdondacthvashaaning ubit] dnd wherdinahé electigplpet | L'hel Sr ]tcasent

i nvention p t t )..1shi e or a
substrate h(g)\?ll}ﬂ{ﬁ&g};étlg{kergjgﬁf? o%wg@tdgﬁlceﬁog{%g%%ggﬁl %}%é%led t hereon and a
plurality ofonickwitbitbe geegicalieandpctiviolastgerng ity ast eni ng units di sposed in
a pattern on the substrate surrounding the at |east one electronic .

an T rnor syl EBY (S e pfeBUR it ofin pRolu) AL EoTRHE YO Maver
over at | ea¥¥erERencs Emshlff F 2 sk Bﬁt}@?’mﬁﬂt iy gneav?l%%/tﬂ?ai' ity of apertures
formed in témmmEment dispased theoen andatplutabitysgfalisonete slegisicelbg pond to the pattern

~of the el egdddueild Pas@aRBusils\IBspoasd BN litebDbh fic siBSEAEN at- | east one of

e e ST ER0LEG bk S AR Be BF CeetTie
comprising: a dielectric material layer having an inner surface and an
outer surface; an electrically conductive layer over at least one of the
inner and outer surface; a plurality of apertures formed in the EMI
shield such that the apertures correspond to the pattern of the
electrically conductive fastening units; wherein at least one of the
apertures has a contact region and wherein both the dielectric
material layer and the electrically conductive layer of the EMI 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 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
a pattern on the substrate surrounding the at least one electrical
component; a EMI shield consisting essentially of an electrically
conductive material; a plurality of apertures formed in the EMI shield
such that the apertures correspond to the pattern of the electrically



at the contact region of the aperture are deflectable to the extent
necessary to allow the contact region to engage and retain the

el ectrically conductive fastening unit; and wherein the electrically
conductive layer of the EM shield at the contact regionis in electrical
contact with the electrically conductive fastening*gpiézogn still anot her
aspect, the invention provides an apparatus havi ng aB'S0bstrate with at

| east one el ectrical conponent disposed thereon; a plurality of discrete
el ect ri cal $opdBgh@asteiag paRY; shergn ahicest ope gpBapertares asat tern on t he
subst r at e caracorogiinandivieereih shid @kictrivally ebediictive alatermbopsaneént ; a EM shiel d

consistin i ' ' erial; a plurality
of aperturg%lgH %refd%kl}é/ncﬁaggl%ﬁﬁn?ﬁ?gl@ﬂs%?ﬁ%?#ﬁ%fégsgp rtures correspond
to the patP@lRWdhe coptagtresion [ epigage andretap fhetleduemYoonduct i ve fast eni ng
units; whetoaidnctive fhetersng omié anfl wheeein gerdlentesliyasnductivent act regi on and
wher ei N sghgefhiesithd EMI shickPRAHE EdiEet TBIIBA isfih Mctrd@ll Sontk! shield at the
cont act re‘gj 5 i? efa:uect a(ﬂlng t9 %he ex .Ignt nececssary nto al | ow the contact
region to ﬁ@ﬂlj&%ﬁﬁ? SEAPPUNBIEIDUEYEY |y conductive fastening unit; and
wherein the electrically conductive material of the EM shield at the

]g:oni act rqgi;feaazhahéﬁhspb@;:ﬂleii@ﬁinti@ﬁ@ﬁr@«ﬁaesaﬂ@ﬂpatdtiesmweﬁg &l pgl ly conducti;/e
ast eni ng 21 Y, rovi des an apparat us

bty Lol SR Sl AR e pp

havi ng a af; ra ater}i?ec 5t oner el ec corfponent di sposed on it;
a pl ural inlyrabty afgoldsr spheresdigpoged p ieubrate SUEINEHE surroundi ng t he
at | east aiéeast @wteléctradal comparvattan EVI itldsbmpridingatfmastsi ng at | east one
conparfcneg}neqsg ﬁlehPa&a‘on&ftotcB%@the'a?%%t ABeIRLEG ri cal conponent, the
EM shield further c%um B%ﬂﬁlaedl electric %B];[erjal l.gyer having an inner
surface arf@mRnERf the RN #iie] TARIOSINE R YSIPYIC BYFdICt i ve | ayer over at
| east one layertawingrandnncysurfacetand apuputerserfacmand adeadticalyhe el ectrical ly
~cond u]g-t It ' \ﬁ ohdy@ivedyer beerlcashoR of the irnér al Q@br mﬁbe;gamat SCt hwi t -hI gt | east
one o . I | henviEM,; and the sol der
spheres Cgvn]%e?%gﬁ{x%aﬁgﬁf@ﬁ/@%@@({tﬂéﬁé}%ﬁgﬁ}% rad%ﬁalfﬂ?g% rogmentering or
exiting t Ifkeckical eargact gyith at least onc of the solder spheres, and wherein

: the EMI shield and the solder spheres combine to limit

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
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 EMI shield, the electrically
conductive layer is disposed on the outer surface of the dielectric
material layer, the electrically conductive layer is selected from the
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 *
layer is a dielectric material containing conductive particles, the
substrate has a plurality of electrical components and the EMI shield
comprises a plurality of compartments adapted to cover the plurality
of electrical components, the EMI shield has a plurality of apertures



conmpartment. The invention also includes other aspects in which the
electrically conductive fastening unit is a solder sphere, the- substrate
has a ground trace disposed on it and the sol der sphere is soldered to the
ground trace on the substrate, the solder sphere is in interference

contact with the contact region of the EM shiel dy phectrical ly
conductive |l ayer is disposed on the outer surface g%gghe dielectric

mat eri al r,..the elecirica uct|v selected fromthe
group cons&é?ﬁﬂéngfw'ﬁﬁ %ﬂﬁ?£¥ e@ﬂpﬁa %E?g% Yer, copper and

conbi nat i ocmdandvcafablumgtlmamuﬂmwmeé‘]l\ébtﬂmﬂdamﬁ,%e amedtsat ive layer is

foil, the flggfdnticRhl Hé%@di’ﬁltdoﬁﬁnﬁzﬁ%ﬁﬁmthsoﬂe%ﬂ%&y a process selected

from the grou aeﬁ nsi s g%of S AN g}éaceuum or vapor deposition,
el ectrol es¥P 6{)5 H’gﬂ“ gﬁ’ﬁ 9”1 r%{d PYy, the electrically conductive
| ayer is a dielectric materi al cont ai ni ng conducti ve particles, the

substrate has a pl BRIEFDESCREHONICRTHEODRAWMING and the EM shield

conprises a plurality of conpartnents adapted to cover the plurality of
el ectrical co onents the EM shield has a pl urallty of apertures 5 24
August 2005Figok eadlamview of sapsiratenccaiddts (rBSXEPBlaNGr med as t he

el ect ri cal legmboglimnentef theanf@sioani ng unit penetrates the EM shield. These
aspects of the invention nay be used in conbination with one another or
separately in . the inyentiv vi ce é%%g, ? bove. .BRI EF DESCRI PTI ON OF
THE DRAW NG &%) 58 §ide e o ?P %ycgn EAAFRIEY ding to an exenpl ary
enbodi ment asfortling to an exemplacy eBpdiragatiof the igvedioni ew of an el ectrical ly
conductive fastenl ng unit according to an exenpl ary enbodi ment of the

i nvention. 2B is a si el.e I conduct| ve fastening
it accol IR iEEs &%P%&%%&t%ﬂ?‘;%ﬂ%%&@% SR T vent fon. Fig. 20
is a side \ﬂp ing ta Anethercaxemplary ymbedigest pl@eignlpi.ng unit according to

~-anot-her—exenpl ary enbodi nent- of the invention. Fig, 3 isa perspective view -

of a shi el ¢y 20805 4\sRE idy BFarfA&HREM onductive fastening unit

. “according to another exemplary embodiment of the invention.

Fig, 3 is a perspective view of a shield according to an exemplary
embodiment of the invention.

- Fig. 4 is a perspective view of an apparatus according to an
exemplary embodiment of the invention.

Fig. 5 is a cross-sectional view taken along A-A of Fig. 1.
Fig. 6 is a. cross-sectional view taken along A-A of Fig.l.
Fig. 7 is a cross-sectional view taken along A-A of Fig.l.
Fig. 8Ais e cross-sectional view taken along A-A of Fig.l.
Fig. 8B is a cross-sectional view taken along A-A of Fig. 1.

- Fig. 9A is a cross-sectional view taken along A-A of Fig.l.

Fig. 9B is a cross-sectional view taken along A-A of Fig.l.




enbodi mrent of the invention. Fig. 4 is a perspective view of an apparatus
according to an exenplary enbodi nent of the invention. Fig. 5is a

cross-sectional view taken along A -A of Fig. 1. Fig. 6 i5s a.
cross-sectional view taken along A-A of Fig.l. Fig. 7is 3 Ae¥9% ect i onal
view taken along A-A of Fig.l. Fig. 8Ais a cross-sectional view taken

along A-A of _Fig.l. Fig. 8B is.a cross-se¢tional view taken along A-A of
Fig. 1. Fi gEgQ%stsacgoig’%?g 0 (‘f’teiwo'ﬁ%?n %\fgt%@gﬁ ong A-A of Fig.l. Fig.
9B is a cross-sectional view taken along A-A of Fig.l. 6 24 August 2005
Fig. 9C is apgl NSisSaebdsiaiondl Sewtiakaimlegon® A Fig1of Fig. 1. Fig. 10Ais.
a cross-sectional view taken along CGCof Fig. 1. Fig. IOBis a
cross-sectional view taken along GC of Fig. |. Fig. 11is a

cr oss- sect i obgl 10R law cregesactignghyion takenglong GCof Figdi g 12 is a
cross-sectional view taken along AA of Fig.1. Fig. 13 is a cross-sectional

vi ew t aken A - A of El . Q- i ;L 9SS-sectional view taken
along A -A gif‘lggﬁgﬁéfc%lgge@f%ﬁl %gwatﬁf)eglraé%nécfi‘?‘v@ﬁlé'gw of a shield according
to anot her exenpl ary enbodi nent ~of the.invention Fig.15B is a perspective
vi ew of a shiigl 12 iaaerusdistgional viewtthlen alengetral afffg.@nbodi ment of the
invention. Fig. 15C is a perspective view of a shield according to another
exenpl ary empodi_nent of the invention. Fig, ,16._j.S.a perspective view of a
shi el d acco;%ﬁ' 1§ § crasEperdionaye \Pangists el Lot the invention.

DETAI LED DESCRI PTI ON OF THE | NVENTI ON Referring now to the draw ngs, the
present i nvemiiais PeRs-ISSioRal ViEP tlcARIgHVA oEiMEid wherein the shield is
mechanically and electrically 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
enmbodi ment  d¥eg-tlhAds & pexspedtivg vi g ghigld pecozding basapefber having a -

—__ exemplary embodiment of the invention.. ...

Fig. 15B is a perspective view-: of a shield according to another
. exemplary embodiment of the invention.

Fig. 15C is a perspective view of a shield according to another
exemplary embodiment of the invention.

Fig. 16 is a perspective view of a shield according to another
exemplary embodiment of the invention.

DETAILED DESCRIPTION OF THE INVENTION

Referring now to the drawings, the present invention provides a
repairable EMI shield wherein the shield is mechanically and
electrically connected to a ground trace on a PCB, and yet is
removable. Figure 1is a plan view of a PCB (10) according toan
embodiment of this invention. PCB (10) is a subsirate havinga
plurality of electrical components (11) grouped together in sections
(12). Swrrounding sections (12) are a plurality of ground trace pads
(13). Disposed on each of ground trace pads (13) is an electrically
sonductive fastening unit (14). For ease of illustration, only some of
ground trace pads (13) are shown to have electrically conductive .




plurality of electrical conmponents (11) grouped together in sections (12).
Surroundi ng sections (12) are a plurality of ground trace pads (13).

Di sposed on each of ground trace pads (13) is an electrically onductive
fastening unit (14). For ease of illustration, only sone o AugsbiPfdl trace
pads (13) are shown to have electrically conductive 7 24 August 2005

fastening units (14 |sp ed o rapble that all
ground trace 35iadng ‘i“"%‘?‘f gP‘éE’FP’i B‘é’f ?@8#&6@?%@ astening unit (14)
di Sposed on gi‘uandtﬁcph)adsaqm) hax@fanchl®m<@ﬂﬁc@ld@étlv¢ fgtemingcgiduct i ve

fast eni ng unugaisws)ed%h%&lhuaﬂu@m tP6Rcirkally bondactpas t er n

surroundi ng geetions g | | lustration of
electricall y§ g‘er%‘ffc'ﬁ“\gseaq% oﬁ%qs?noj?qﬁilﬁlq%%t aggf)ﬁrl eferred embodi nent,

el ectrical ysulxmnui!mwcéomia@ﬂbm ng unit (14) is a solder sphere as shown in
Figure 2A. If a solder sphere is used, it may be nmade of any all oy of

sol der, al though,i e f erature sol der

netal so thg}gulg 2%8}1% s%@@@iﬁuﬁ@&gﬁ%@%@ﬁ chF%&cEEES’I ng. Such high -

t enper at ur e Esteping writ §14) 3Huihepzefe lfl‘ erghedime E‘Eaﬁ havi ng a hi gh
concent r at i ogondhctivfdstefingi vt (Qaneambldeds;.pd:maﬁs shownantf‘lglupper a high

concentratio t . oFpIQgldet, ons.  Sol der
spheres, Whlg gfreéog?eq ér'eﬁ/ﬁéeélgo %gl?zgeld[e aI I r| d array (B®&A)
spheres, or #dwughitisp @%&‘gﬂé phopa eRATER Y ?Iﬂg as el ectrical
and mechani ced thaﬂiteroes)ﬂrmelﬂ;ﬂuhngmaqueut)pmwm&sh(hﬁ& exarrpl e, a
package and %nff) R et B PbE R exfinp, RE E%téﬂﬂa r PCB).

Tradi tional | ese | I}Eﬁ?rco cts are,.ne | caI s which are nade
during a ref HFALIoR g Peep #@h{’%&"é QLS taken to a

t enper at ur e @hoamratmqwhtandgpﬂpen, a.lxdqﬂlexhl@w%@n@mﬁlthnﬁ order to facilitate

Erﬁ?érf‘ﬂfg. ol e RSt S S Al bA0E baR gkl cpes, e
el ectrical | y(BG#) sphmsmﬂ%bellv@arwb@teﬁaf@ darrrhighharausedAf ch the sol der is
bonded. electrical and mechanical interconnects between two substrates (for

example, a package and a PCB, a module and a PCB, or 2 PCB and

another PCB). Traditionally, these interconnects are metallurgical

‘bonds which. are made during a reflow operation, wherein the two

substrates are taken to a temperature above the melting point of the

solder, in order to facilitate the flow and bonding of the solder to a

surface on each of the substrates (package, module oxr PCB). Using

this traditional reflow process, the metallurgical bond is meant to be

permanent, both mechanically and electrically, at each of the two

substrate surfaces to which the solder is bonded.

In the present invention, however, the solder sphere is
metallurgically bonded only to the PCB. No metallurgical bond is
‘created, however, between the sphere and the shield. Rather, as
discussed in more detail below, the sphere is used to p_row_ride an
interference fit with the shield.

While it is preferable that electrically conductive fastening unit (14)
is a separate part, a discrete plurality of which are installed fo the
PCB like other electrical components using SMT, electrically

the flow and bonding of the solder to a surface on each of_the substrates . . _ .




In the present invention, however, the solder sphere is netallurgically

bonded only to the PCB. No netal lurgical bond is created, however, between
the sphere and the shield. Rather, as discussed in nore detail below, the
sphere is used to provide an interference fit with the sRAérast2ile it is
preferable that electrically conductive fastening unit (14) is a separate

part, a discrete plyrality of ich are install.e o,fhe PCB |ike other
el ectrical c@%?ﬁ?@%%%l@%w&mﬂﬁﬁmfgaﬁ umgist 2005 conducti ve

 fasteni ng uniubséqhéit apeyativn or evanifusied ieith.nFongrampde, itha gpldel psequent

op‘er?tion, o%fphg%qgugdéarmch?cam&%d&aveﬂx’@Bﬂgamﬂﬂ@the)l der sphere is used

as electrica canducti ye f ast.eni i y <hith sphere nmay be

f or med in-si“i“bj‘yeﬁﬁp%ﬂ? H?&yLSSIfﬂ:&e-dﬁg'g&gbih%ﬁ%ﬁ(&%@ériﬁ%gn stg%(%i led in a pattern

agai nst gr ouregnisteacited(in3)padtean againgegeraitrgceddfandnr ough a refl ow

operation, f@hedduendly sdtehioasgh a reflapepetation, fdrmimpa detericilr ough sur f ace

tension. In an alternative i :ectrically conductive fastening
gl EbRIAS pos: B b oS

unit (14) i a I'g. 2B or a nushroom shaped button
(19) as shown in Fig. 2C. dip (18) or button (19) is a discrete device
tEaltl rrgy_be Wﬂ@ﬁ@'%@@oamm%my@mm?fasmningmi:k?ﬂ? ‘to t[\)ose
skilled in tas 19 BALEDL ULt may be any
shape or mt@%%ﬁcﬁﬁﬁ%gﬁogﬁi%| |36§%%Q§Lcal . bc&r}yuctive, di screte,
reliably mech@rasshevy kg &te i(igl‘)wuﬁ?ll B E5EL GE*®a ground trace
pacL (18|) r@gtma% Giblied (ubibg 3 stamdbril SMT procesgdebichds kn9Wibe., . renpvabl y
mechani cal |y, 64 fr 3R, BlobiRehBfoohBudive/thabiingagit (W)scussed bel ow.
Referring tgp%@%@%ﬁ%&?ﬁ%@@gﬁﬁ§%@6}%%%19%%%I ve fastening unit

(14) is adheérE YV : ; hestve rreans (16). Preferably,
adhesi ve neansdyctigy, discrato) ndbiably mechsnicailyand |elesrinally wiia a conductive
adhesi ve,: Ory, gthsindkpahad ¢ n\tRe PERI(S0) , Gn0ialed adased follie) is typical ly. ...

~gold-plated C%gg@gypg'?ﬁ‘ﬁ%n'&%gl@ele%iéﬁ%a&a Bl 188, sgonductive metal s

alternativel I'ng or base layer,

iscussed below.

“ Referring to Fig. 24, 2B and 2C, electrically conductive fastening unit
(14) is adhered to a ground trace (15) by adhesive means (16}).
Preferably, adhesive means (16) is solder, but it may alternatively be
a conductive adheéive, or other known adhesive means. Ground trace
(15) is typically gold-plated copper. Tin, silver, or any other highly
conductive metal is alternatively used for the plating or base layer, or
both, of ground trace (15). A solder mask (17) is optionally used over
ground trace (15) to contain adhesive means (16). Ground trace pads
(13) are electrically connected to each other, and are the patern
formed by solder mask (17) over continuous ground trace (15), ox the
sections of a ground trace (15) which are remaining after portions of
the continuous ground trace (15) which are removed during PCB
fabrication. Preferably, ground trace pads (13) are circular in shape
when used with electrically conductive fastening units (14) which are
solder spheres or buttons (19). Alternatively, the ground trace pads
(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, t_he solder




it

both, of ground trace (15). A solder mask (17) is optionally used over
ground trace (15) to contain adhesive neans (16). Gound trace pads (13)
are electrically connected to each other, and are the pattern formed by
sol der mask (17) over continuous ground trace (15), or thé4A8sstZBns of a
ground trace (15) which are remaining after portions of the continuous
ground trace (15). which are renoved d r| n qmlféaf)rl cation. Preferably,
ground tr acesnhgEitseiyut ang shane.qnsize § CTEEE W% h electrically
conduct i ve fmtcancaig'l‘hmﬂ:ape(ﬁrﬂ)hMmOineaffectoscth@leinfe@h@f’é@ or buttons (19).

C\\'ht er nat hve' egﬁ Eﬁ@ﬁﬁc@aéﬁandﬁ:%)solﬂeysﬂh%ré %Rv@nwz?r wln n s hape,

en use vm r|c en ich are
clips (18). %Wﬁééﬁﬁg?fgnﬁ hag Ii%g&?]ﬁ B&W.{a&?s desirabl e that
this circul asmdamanmammalm@mdumvesfa@emg upﬁdlﬁ)taﬁéleﬁnr&%t er of for
exanpl e, thebe‘i&’r@@its%o&ﬁb@%%é%d%ﬁ@%@hﬂeﬁﬂb&ﬁeﬁiefraﬁwaﬂly shape or size
pad nmay be é%gﬁrlé t ol %gantﬁﬁ &) not @ % e Wi ll have sone
effect on th $75108 'oF ST ?c}flr?tsnb r0Lﬁ1 race (15) and the
sol der sphermasla@'ﬁneldbsreaé)le hpwevsri ﬁgcetlhéumam‘@&mﬁﬁﬂt ectrical
reliability failddbﬁ;th | fFtehd Mnoﬁbf@ir&cé%)smamscﬂamwmmally conducti ve
fastening unit SCY It ﬁrl? sel ected only
after carefu ‘é'?()%’sq)l era |e(%i?1‘]l anﬁgﬂ rlaf%t%&n&n %ﬁe Sel?fgg (16) in a

smal |, conf i sateringeapabilitFgaligaingit to F"?"él%dE%‘ierpé however, since
it allows the invention to take fuII advant age of the phenonenon of

surface ten%&(l%gglbﬁiee‘%lg ;a?\e“@dﬁgﬁmél% ‘gngl{zgopdhgct rically conductive

fast eni ng unj ab|I|t al i git to the
exposed gr ouegien, e SPISIRE i 031 ﬁg bn*g‘g Eflgﬁg‘g and nmechani cal
requi r enent &nﬁf&écb&eehdmcgﬂycdﬂdadsmﬁsﬁegmgmﬂpébﬁmmeof both the ground

__trace pads, (cilﬁﬁ%eaa%ﬁyssﬁalx‘af ahagbdieal (it SORIRISR AN ng UNI 1S (14)—.

{nrigcté)?- pagg %n%s‘?fmsl‘&ﬁ%%g% 2 %%%&]“g‘%ﬁ@ c‘f’%e e%gﬁ{lg}l cal ly conductive

f ast eni ng umltss{lf()mrwu[iﬂmbe@ath%hﬁ%ﬁ%’@ﬂﬂ%elﬂ%{ﬂ%ncy EM " shi el di ng
(as _ descridagsheR kW) afdBothsiheihaiRe@edintioh of shieldi@@mmnoé itshi el d (20) once

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
(22) containing a plurality of apertures (28). 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
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
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




is installed over PCB (10). Figure 3 illustrates a shield (20) according to
an exenplary enbodinent of the invention. Shield (20) has conpartnents
(21) adapted to cover sections (12) on PCB (10). Shield (20) has a fl ange
(22) containing a plurality of apertures (23). Apertures (222yswZa@0%l so
formed in shield (20) between conpartnments (21). Apertures (23) form a
pattern corresponding to the pattern forned bét_feel ectrically conductive

f ast eni ng umre lerger Ahansanerfuresf@3) the altachment crefied 84,5029 95)  adapted to mate
with each (etesiabafittviatl yagde bisik rekhsdddyl puflinggreld€20ve fastening unit

i gure 4. F Cor R o ey e m uni 15 (14)

Figure 4. Fi y conductive fastening units (14)
protrudi ng fHPough apertures (23) to provide a secure nmechani cal
attachment of shield (20) to PCB (10). The di aneter of each aperture (23)

is prefer abmgn?s}z?}ﬁﬁsﬁﬂglﬁé SAlraRiB Mo With@iecai@Uy cosdalctiye conducti ve
I . J

fastening un or exanmpl.e, |ess th | r of a solder
sphere). Beéagiung (I Astepit g fRe : r@@s%ﬁ}vﬁ Sﬁ%ﬁ?s (14) 10 24 August
2005 are | aggeted sramdpepbuemns (Y12 8) sective (k2).1ascle dbele®t es a snap or

|t er o1 encayf koG RS AR5l bisolibhegRad rhtiatiod fromg Shi el d (20)  away
fromPCB (1 hgg%l eld.(20) s us renovably attached to PCB (10). Wen

shiel d (20) eP€rig opF% n (10) with electrically conductive
fastening units (14) snap-fit into apertures (23), an ENIl shield is
created ar oggiehré §FRARE IR aiiddlorodsietitiial ofew(ih)prefesredescri bed bel ow.  This

i U1 ng secepifties) O R (227 hFE A BRRANEY Gubd dloap AR oL IRT P ETIED O
preferred  dhwbishneresepis m eigeal xRl GEESE ({ aken al ong A A of
r%grédi 3 e}m %e%ﬁ?lgﬁ%hﬁm 0] isrsnappeddnplace veertelecttitallyf shiel d (20)
el at ! nduciive s
reonductive Iﬁag ft cgr[]t!agt%égei:gx? (24) associa dsmgthr.];. Idgnact.gye%%nS(Zd:)-igper ture (23)
| adapted to make mechanical and electrical contact with electrically

conductive fastening unit (14). In this en:_lbodiment, contact region

(24) has a fluted structure. Contact region (24} is deﬂectable. That

is, upon the application of downward pressure (in the direction of the

arrow A in Fig. 5, and applied, for example, to the flange (22) area

surrounding the aperture (28) using simple tooling such as a hollow

metal tube), contact region (24) deflects outwardly (in the direction of

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 app]icatioﬁ 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

thus in secure mechanical engagement by interference contact with

slectrically conductive fastening unit (14), such that electrically

conductive fastening unit (14) is retained by contact region (24). In

bhis manner, shield (20) is retained in position over PCB (10).

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
axist for such a shield (20), thermoforming or vacuum forming are

11
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has a contact region (24) associated with it. Contact region (24) is
adapted to nmake nechanical and el ectrical contact with electrically
conductive fastening unit (14). In this enbodi nent, contact region (24)
has a fluted structure. Contact region (24) is deflectabl &4 Aumt2003 s, upon
the application of downward pressure (in the direction of the arrow Ain
Fig. 5, and applied, for exanple, to the f|ange (f22). area surrounding.the
aperture (23relasiedgneshodsifer warbingwith plasticss bepanwsi afgheir logt al t ube), contact
][_egi on (24|) tgﬁjﬂg%lgglg, lgwtny%fuﬂc_yuﬁﬁ e akl slglityl t0forf congilé:dW B in ::ivg. 5) to
iI't over elegt al | y.condugctive fast.eni UM : a result, contact
regi on (24) 'S§§GR¢5 §¥H1t§'re§oc§ﬁnff%ﬂnssﬁ%%ml&gp” 'Ir?d’%%%&l)ﬁt he application of
further dowsehield (29 isasplastic natarigksuch s polyearbpnade. sgryigratrten e (23) and
contact r egilbadidde-styena pABS)t, ABpolya@binatoilesd) polyeiberifideyre 7. - In this

posi tion, Cou Ak AGIARbE e LbaniiiiSaduafibaniRE0AA GRl engagerent by

I nterferenc alTy. cQnductive fastening unit (14),

such that elvdteh jspiated, corlghendupipatedwith abigh-condpctivigmetal ot 5i ned by
contact regisath &2d4)umihiim, fithel, coppunsgilves g briconit@atioms et ai ned in position
over PCB (1Qh ce¥iefilofl (20) may be made in part froma dielectric material,
filled dielectric material, netal, netal foil, netal-plated or coated
dielectric material, or a conmbination thereof. Wiile several form ng

met hods sxiAstshbwn is Bigera8s lin elpdefp@oi embhdinrent,shieldh@0ble vacuum forming are

tlﬁ 24 lAugus;act%Qﬁ_? o&a{s%t%a%lfltmyaq,sa Hﬁ!emthﬁ?ym& (nhaegﬁ c ts : ?ec ?us e of

conpl ex_ shaBielpeLTalg et IaE R e bR S B or o mmteral for

shi el d (20) hasan ipien suiface(2fad pndlanoutdr surfaprol2fk dledreally | acrylonitril e-

ol YL et A | e o L L L AL Lot oot Pyl ne | any of _ whi.ch

P TR P SO O B 0, Y,

al umi num  nelertgical congpetivity ffor grample; lass iban opermiliantharbo/em)-  al | oys t her eof .

As shown i nERcttically @dnductivelapera®6) i pdeferdbbcionmed by & proebss (20) i s
such as sputtering, vacuum or vapor deposition, electroless plating, or
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 componénts (11) on the PCB (10), even though
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 elecironic device, thereby permitting the design to
be smaller. Electrically conductive layer (26) may be any material
adapted to make electrical contact with electrically conductive
fastening unit (14), once shield (20) is snapped in place over
slectrically conductive fastening unit (14) as shown in Figure 8B.

#ith reference to Figures 5 through 8B, it is seen that electrically
sonductive layer (26) and dielectric material layer (27) of shield (20)
1t contact region (24) of aperture (23) are deflectable to the extent

~ necessary to allow flange (22) to engage and mechanically retain
slectrically conductive fastening unit (14). In addition, electrically

- sonductive layer (26) of shield (20) at contact region (24) is in
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actually constructed of two |layers, a dielectric material layer (27) and
an electrically conductive layer.(26). D electric material |ayer (27) has
an inner surface (25a) and an outer surface (25). Electrically conductive
| ayer (26) is disposed over at |east part of outer surfaceé4Avgpsl00s
Dielectric-material layer- (27) is any material wth very low electrical

conductivity (for exanple, |less than gne-m/Jlionth Electrically
conductive I%‘?@Fm’(l?e}‘ta%wﬁpé’feéw%ﬁl%@&?‘%é& fagpoming Mg og[gﬂé%%ach as

sputtering, stdeldyp0)ds snapped i@pesistshown ieFigeBBol ess pl ating, or
electrolytic plating. Electrically conductive layer (26) is alternatively

a foil lamnated to outer .S t
particul arl yial Y alierag g em E‘ﬁfl‘%ﬂ ?ngrg%ﬁé%}g la} irlnéﬁ/na(@al'[ egr ({:ngegggm Ib|SI ity
of inner suréhmcﬁmpdﬁmfm%um%tt%@a@ Bﬂﬁﬁerfe’&‘e SRt act with any
conponent s (éxﬂ&]lé%%ﬁe?@leﬁ’@ﬁaﬂyl&hdu&mrfaétbmmIikmtr(m)h:ameeal contact may still
Whi on’ can coluENED Fapneiple Qpabal rlluidd Yround bREGRARFPS, SR ST 8 L ey

t her eby per néandinetiyve fheteningivgi 149, thﬁéebé'rﬁ&ﬂf*‘é?%“g@f@ﬁ'fwal(ﬁ@ conductive | ayer
(26) may be mndméxed]teahau@%ﬂfomdmﬂmmm indtigireaPAHh@adt with

el ectricall y?éorief P@&%&@Fas glls,ﬁetuﬂﬁ?ﬁrﬁbhﬁ&rﬂném) i s snapped

in pI ace ove con UCt | ve

St enl uni th]f£an§é as shown in
Fi gure 8B. Vﬂﬁhmmﬁ@@éﬂ%uﬁ preFees %B?Fs en that
el ectricall y(2z):om§ufet9A/§hdva>the sl(la]ﬁ)(za)rmhdcﬂaaee&% pnomtb?»u al layer (27) of
shield (20) 8@3%% s%&g&ge&&%)(zaﬁﬁm&f | ectable to the
extent necessar 0’.a e e nlcaIIy retain
el ectricall WW&GE’P‘P%IIDO(?% E'ﬂ»%ﬁ g%fgeq)f'ﬂ% electrically
: onducti ve I@ﬁpple(cﬁfgthméuglfﬁheﬂdngcﬁ(@)l)delﬁnx%ﬁQSh@@ # (24) isin 12 24

August 2005 ﬁj @fug {Pﬁ% krIBPRERES, b theali@ehiédlgabhductionhshings f ast eni ng. uni t
e o

(14 when- as shown-in Fig. 8B.In-an
BFP‘E@’E&(B%E? ?zfar ger than electrically °

alternatlve
conductive fastening unlt (14) ‘to start, but re-forned to be snaller after

el ectricall yparauoil aR foBsdhet shildi g0y ix( drdds-eéisaetaken across
line C-C from Figure 1, representing an internal compartment wall of
shield (20). Fig. 10A shows shield (20) immediately before being
snapped over electrically conductive fastening unit (14). Fig. 10B
 shows shield (20) after being snapped over electrically conductive

fastening unit (14},

Those skilled in the art will recognize that there are many possible
variations within the séope 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.
electriéa]ly conductive fastening unit (14). -

The inventive apparatus must survive barsh environments for
extended periods of time, which is simulated by accelerated life
testing (ALT). This ALT may include severe mechanical and
environmental tests such as vibration, thermal shock, thermal
eyeling, 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




through it. Aperture (23) thus constricts around electrically conductive
fastening unit (14), thereby deflecting contact region (24). In another
alternative enbodinent illustrated in Figures 9A, 9B, and 9C, electrically
conductive fastening unit (14) actually fornms aperture (23M\ust20Pange (22)
in-situ as it pierces and then passes through flange (22). Figure 9A shows
the shield (20) and flange (22 rior, to the. aperture ) being forned,
Fi gure 9B shdwWabenfl tupps, dhpre agég@o?lﬁc%reﬂ%%néglﬁs%ﬁaf%feﬁdg formed by the

el ect ri cal | y(20pmaisicpass caghivsthemighhLdh| The ipam) regiizemaenids ¥k ough t he fi ange
(|22) and |F: g&ﬁ'é%le%ﬁi&!['mnffeaﬁaniﬁpﬁihhbﬁtﬁm_ .bee@@moﬁtﬂctseg{oar(mﬂ, afL erht h?|
electrically con ve stenin |t . t hrough the fl ange
(22). Fi gure‘gs&ﬁi&@‘mjaﬁﬁge%%@}scﬁg@cﬁ ﬁﬁ%%%@?ﬁ@%? i on-taken across
line C C fr amosiblpuped that theresistasce thyough thetieinhi® asdeWpar t nent wal | of

shi el dI (20) .pdggime_ |I§m‘ed@|ﬁ§)&§pl§;]?ﬁ@isdviﬂ2ﬁ)le fiffeestitat@liyeneatoioe beihng sEaplogd
over electrica conduct i.ve steni Lt (1 I 0. B shows shie

(20) after bséﬁchc‘??/rgﬂﬁ 8%"318?/%?& R ?ﬂ%ca P%]/nfgbé%)gniﬁhggp asteni ng unit
(14) . Those theinepdspfithe syséena bq bagbigldeds Asgitichemppntierfdf e are many possibl e
vari ations Vidsthng firentepRginl(24)hill be Buitaile an wilbbe revegnikedibgn of cont act
regi on (24) [ i (.2Q) | lotdreiak piventifiat contact region
(24) provi detilgsree%]%ig% e tﬁ%%ﬁa%?c%?%@?eﬂlt%isg@eangﬁel ec?ri cal contact with

el ectrically conductive fastening unit (14). The inventive apparatus nust
survi ve har sAn ahwinatinerenbelifment foettieashdpelofrontastisegio @Die, which is

simul ated DYracah Haheil bl 12.&%%%&&%@6;&@4@%@@1&&% mey include severe
(0]

nmechani cal and, “enviJonnment a stS, suc S.Vl bratl Q ermal shock,
thermal - cydiergetesef aﬂ?é’eftb‘?:%@t‘)'ﬁd@?l ° 'oﬂﬁpeélﬂ%l&gl}f%?(l)lggur vi ve wit hout
| ooseni ng orshpde (B0 gndLintadtiregion (24} aredpstialledprerfelpctniadlly j oi nt to survive

mul tiple opephAgtive it OStdSntastrekivat(2nictbds (Riveneitted r eused a 13.24

August -2005 -nupber ..of tines, There.a s . i requi rements that -
shield (200 %‘F%&%é‘j‘d‘aﬁ;t?lﬂt%‘% pﬁ%@%‘. ?q'gll"e’g%glehﬁﬁgequi rement is that
desirable for at least the outer surface (25) of shield (20) to be

metalized or have a metal layer, to maintain electrical conduetivity to -
. electrically conductive 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)
that contacts electrically conductive fastening unit (14) as shown in

Fig. 14.

It is not necessary that apertures (23) in ﬂangé (22) are circular. In
another alternative embodiment, apertures (23) in flange (22) are in
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) in flange (22) are
represented by two intersecting holes (81) and (32}, the primary hole
(31) which is large enough for the mating electrically conductive
fastening unit (14) to pass through without deflection. Upon sliding
the shield Iaterally, the electrically conductive fastening unit (14)
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the electrical and nechani cal connection between contact region (24) of
shield (20) and electrically conductive unit (14) is as reliable as
possi bl e, and that the resistance through the joint is as |ow as ossi bl e.
Different applications will have different requirenents f@ﬁAM§E6W°£

resi stance val ue and spacing for the joints, depending upon the needs of

the systemto be shielde dlffer S for contact
regi on (24) oRERges( e%ﬁ??‘f‘gﬁygslﬁz%‘ﬂ %)chft n| Z ge%e%%'{o%gge skilled in the
art and areeﬁdnhmm%#m%mg@&ndtﬁt@nlem@maﬂﬁﬁon%ﬁh&?ter nati ve enbodi ment
for the shapgof; Qﬁiﬁﬁ) region (24) is shown-in Figures 11 and 12.

Contact region (24a) is sinply the perineter of an aperture (23a) in

flange (22). Dependl ng upon how shield (20) and contgz(‘) region (24) are
instal | ed ovemnethet altémativeembeskinent; ARaTtUras {28 myflangee?) @t act r egi on

(2.4) de“%@ﬁﬁ-cﬁ&li@é@sh%whhﬂlﬂigdjﬁ. Ii.is also withibh tlgpscapd afthisuch as t hat shown
in Fig. 12. .In se i tﬁ&‘f‘ﬁ t he outer surface
-~ (25) of shi arYe ﬁﬁp%ﬂé‘ %ht%eﬁ%?%(ﬁﬁq}t%mgé (2% erer to maintain
el ectri cal cmd@ucp wise Yhe asige pEibe fengg (29) d@c?ﬂlg%e%ﬂﬁlf 3(”f‘L4) A further
alternative tﬁ@mmc&aﬁc@mﬁmga@t@m( hl}hesstwhom in Figures 13 and
14. In this eri;oglme g‘p@?j §H§ is nmetallized or
aedaus nn e

h tal f t t t
et Toal] phshhiamdabonude g em? ?ecg@ iﬁ%ﬁ}f %""wﬂ“’“ 14 1t is not

necessary t kaidufies fasterdng di)s [14) dﬂ%él()b 2 Mytediorcopipasiment In anot her
aI ternat| VevfaFﬁQSQdﬂEE‘P hQ:HﬁEciHé m@ﬁ%ﬁsﬂﬁcﬁés@@ﬁﬁm&&th@re in the shape of
" , " " | ea

in FI 15A an respectively, or
'ot her easi | P‘HBTCP@BPHEGBB%PF@GP’%? 5‘??3":%%&"#&’]1%“ El]Ensaéqlve embodi nent is
shown in Fi gomjaEmentshitlieto acopemodate tiig gmbpdiments| ot " . I n. this case,
apertures (23) in flange (22) are _represented by two |ntersecting hol es .

~(-31)~and-(3 t he i mar ugh-f-or the-mating
el ectricall M g‘é@?@ﬁﬁsﬁg%@ﬁ% ﬁ'}‘l tlh&wg%legh wi t hout
def | ecti on. ibpbra mdidﬂ}crlb@ehegw:eﬂhﬂ PP’%QBBFH%VP?W’I% e cal Iy conductive
f ast eni ng U'!itﬁteﬁl%)suélﬂzﬂustratmns and descriptions. It should be apparent

 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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24 August 2005 engages the secondary hole (32) and contact region (24)
deflects to the extent necessary to engage and retain electrically
conductive fastening unit (14). In another alternative enbodi nent,
apertures (23) in flange (22) are sem-circles as shown i2hAMN.208%. |t is
also wthin the scope of this invention to dispense with apertures (23) in
flange (22) altogether, and sinply use the edge of the flange (22) itself
to engage a & n the electricall y conductive fastening unit (14). In
these two enbodinents, flange (22) along an exterior conpartnment wall (91)
of shield (ﬁﬁ;ﬁisg] fygetable to fit against and be retained by
electrically “conductrve fastenjng units (14) on PCB (10). Interior
conpar t ment 1-wal A8 apDYRIRLHPIRESRENd| ed usi ng met hods di scussed above, or
the nul ti-conpagd mentsubbiretechating abteaseperedeaddcal eomponsdt vi dual singl e

conpartnment shields tg.accomERgate this enbodiment. Wiile particul ar
embodi nents of the present. i nvention have.been il.l ustrated and descri bed
t ﬁé@??ﬁﬁ%?ﬁ@f%? gleﬁ%'{ca%%cm}%i“ﬁ#‘{ee%sﬁ%m uch illustrations

herein, the pres ]
and descriptions. |t witsdligposed imppattern ont $pid sebgratbanges and nodifications

may be incorporated apghouffingdhifdt Rastdiclel@tri¢Neop@ranyt i nvention within

t he scope of the,, foll .Cl,al ns.. .15 i%%{i AMS: What is
claimed is: |.. %h aﬁﬁ%g@‘é&fﬁﬁ%ﬁa: e(lgégggsau S ?atgé havi ng at | east
one electrical conpomening agiispsssurfageandagnoutepyuiacgpif ati ty of discrete
el ectrical ly conduct iektricai} estidagivelaydrvel silesstdne of @idattern on said

‘Substrate surroundin S?@a : .one electrical conponent; (c) an EM
shield conprising a (IJI?%I P (‘:31'%7151:;j ectrei al |ayer d]gﬁi{lshr}gldan i nner surface and

an outer surfac nd agurality of apertures formed in sai such
that said apertures correspond to said pattern of said

————electrically conductive fastening units;-- - -

() 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
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;

o and 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.

(13

2. An apparatus as defined in elaim 1 wherein at least one of said
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.

4.  Anapparatus as defined in claim 8 wherein at least one said

solder spheve is in interference contact with said contact region
- of said EMI shield. '
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electrically conductive |ayer over at |east one of said inner and outer
surface; (d) a plurality of apertures forned in-said EM shield such that
said apertures correspond to said pattern of said --electrically conductive
fastening units; (e) wherein at |east one of said aperturZédugnss2085 cont act
regi on and wherein both said dielectric material layer and said
electrically conductive |ayer of said EMshield at said contact region of
said aperture are deflectable to the extent necessary to allow said

cohgact_ reg;gp_n t An HHePERs ﬁ?@@&ﬂéﬂa\,\%ﬁ lkﬁz%%in_ezg&ef‘ctrm!lﬁl le: ectri gal ly
conductive fasteni ncgﬁﬁm%s : an I el RS RirfloEhGlg i cal Iy conductive
¢ laveyis Qlephd g i Sfertiit

| ayer of said Eﬁfl_?il i ) tact region 1s 1n electrical contact
with at |east ondisdecidc mpteziatlagen.| y conductive fastening unit. 2. An
apparatus as defined in claiml wherein at |east one of said electrically

et e B S st L1 5

inclaim?2 ere ) a ground trace disposed on it and at
| east one. said sendvetive laperds selectedBrmdhe grqwp congishing und trace on said
substrate. 4. Anahppaiad tis, soid, dédkel) elivarncoppert amdTomberations at | east one sai d
sol der sphere is ﬁah S%%%nce contact with said contact region of said
EMU shield. 16 2 ugust 5. An apparatus as defined in claim1 wherein
said electrically conductive |layer is disposed on said outer surface of
said diel ectri cAnpippataihs dsadefined B claim hpykarein said slecichllned in claim 5
wherein said el egfld.cald MyerGORaUCtive layer is selected fromthe group
consi sting of - _ ]

8. An apparatus as defined in claim 1 wherein said electrically
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
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
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
electrically conductive fastening units disposed in a patiern on
the substrate surrounding the at least one electronic
component, said BMI shield comprising:

() a dielectric material layer having an inner surface and
an outer surface;

(@)  anelectrically conductive layer over at least one of said
inner and outer surface;
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alum num tin, gold, nickel, silver, copper and conbinations and alloys
thereof. 7. An apparatus as defined in claim1 wherein said electrically
conductive layer is foil. 8. An apparatus as defined in claim1l wherein
said electrically conductive layer is formed by a procesg4detwec0eéd from
the group of sputtering, vacuum or vapor deposition, electrol ess-plating;

.... and electr tic.plating. 9. A . i inclaiml
wherein -said sub i?/af’é_’hﬁ‘ﬁ'géy03%8?%%8{}?%9@?{%%2%%]%%a (?(E)lgngonents and said
EM shield further eddgpemiuessoyspenoad i thegptle ments adapted to cover
Gt 1 e o gl it e e g Coger ool 1 concuct

. S ca conductive
fastening unit p@Zet Pgl[&geéﬁ gé%?ﬁ%gﬁ‘)?%%,&_g}) :E?}l ?Ag'%%éﬂshi el é for a
substrate having at F%@%aﬂﬁn@h%?%l?qth%‘ﬁd@?ﬁ?ﬁ%%ﬁ?“%#@ 5bsed thereon and a
plurality of discretandedideletivically yormlmduckhyeroftaidtshieldgt uni t s di sposed in

a pattern on the subshiale.SEORWREA dpdiBtredive HSRstEal D theeCt roni C
conponent, said EM tsg%%iecﬁﬁ(ﬁ%on%i%ﬁs? : %0 3 (iael.ec%ric ggterial | ayer
havi ng an inner surf SEEDLRREESSERY @Eﬁ é‘gaég Y BPrEPEt rical 1y
conductive | ayer oveandtethinadileashenodf seid dectiiepdyrcondiertiyat er surface; 17 24
August 2005 (c) a pl Hs@éngﬁgi/uﬂ{s;gﬁgrtures formed in said shield such that
sai d apertures cprrespond to,the patter f th | eqtgkirgal | y conductive
fastening units; ei d) W\%ﬁ@?‘b?%d?i{éc'f‘%g@? dﬁé‘%‘a‘felgiefrd&gpgréﬂges has a contact

regi on and wherein betibldshisaiddpetastragion irin destriralicayiert Wild sai d

el ectrically conduct hyRadtane kaidlclsttiichllyebeludtind fasteaibty weiit act regi on of
said aperture are deflectable to the

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
conductive layer is selected from the group consisting of
aluminum, tin, gold, mickel, silver, copper and combinations
and alloys thereof.

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

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

16. An EMI shield as defined in claim 11 wherein said subsirate
| has a plurality of electrical components and said shield further
comprises a plurality of compartments adapted to cover said
plurality of electrical components.
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extent necessary to allow said contact region to engage and retain at
| east one of said electrically conductive fastening units; and (e) wherein
said electrically conductive |ayer of said E!' shield at said contact
region is in electrical contact with at |east one said. erféeswiZof|y
conductive fastening unit. 12.. An EM shield as defined in claim1l
wherein said_electricall]y condyctiv..e. layer is disposed on said outer
surface of s&i%d Mﬁﬁ*’%@ egf‘?‘gpql"ﬁ?’e]rl. Hoyeingh 1995 8% Pl d as defined in
cl ai m 12 wher ei n saili apesiveetis faralet s atlbastwoe pieaid elgetricay sel ected from t he
group consi sting ¢gfiquchive! MHstig dlith pedetrshes 54i@ MM siféldver , copper and
conbi nations and all oys thereof. 1p4. An EM shield as defined in claim1l
wherein said electrically conductive layer is foil. 15. An EM shield as
defined in cMl8 mAmappheates compriidng| ectrically conductive |ayer is forned
by a process sel ggt edy filRtRatdRaviig®atideash bnséluditiedl caghpor@tuum or vapor
deposition, electrol egs oosl%?\g!]ifr% . and electrolytic plating. 16. An EM
shield as defined in T ] néerein said substrate has a plurality of
el ectrical conpof®nt sa phgalisiofdiserete dectmgally spnduchife fasteadng, plurality of
conpartnments adapt ed dditscdispRbedial Cpatfirt bAkaid gubdtreeect ri cal conponents. 18
24 August 2005 17. An, ?ﬂll esla.gl&sieé?s%x}lm&tﬁ&l%ﬁ Bhekd: Wherein at | east
o_rg as,.at

one of said apertures Is- east. one of sal( electrically

conductive fastefng %@WSH@@P%%%%?@@WIO ane °H’.1°a'ﬁ§. An appar at us

conprising: (a) a suleehdwtive heateria); at | east one el ectrical conponent

di sposed ther eonigy( Dy i} 8 dfektnols Bh3aTiB!RiPERT shickPbdok conduct i ve
se

fastening - unitsdi sqgeed {1 o Bal L om Tt pYRSL Pl

electrically conductive fastening units;

el {g)-— 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
. ‘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 Ieast one said electrically conductive fastening
unit. :

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

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

solder sphere is in interference contact with said contact region
of said EMI shield.
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surroundi ng said at | east one electrical conponent; (c) an EM shield
consisting essentially of an electrically conductive material; (d) a
plurality of apertures formed in said EM shield such that said apertures
correspond to said pattern of said electrically conductive4Pageelthg units:
(e) wherein-at-least one. of said apertures has a contact regi on and
wherein said electrically conductive material of said EM shield at said
contact regi o2R.i s Agedpperitabheddfined ihdamx1&wheracesd alegtricallpl | ow sai d
contact region to,snoage. EQQri%%&l@éth%m‘tﬁéﬁouﬁ%n&Etﬁ% electrically

. id
conductive fastening units; ( and ereln said electrically conductive
material, of sai dAUBNRURY,fig) ﬂ’léﬂm@ﬁ}' SRR Bﬁ’n?ag'mpﬁ

el ectri cal cont act anthvalfldysdheteefist one said el ectrically conductive fastening
unit. 19. An apparatus as defined in claim 18 wherein at |east one of said

el ectrically gondyctive fasteni uni.ts i sol der spherg. 20. An

appar at us as defi &PPW%P%F%‘?%%M?I%@?%R %@?Fgﬁ?&mﬁ%s a ground trace
di sposed on it, acwhduelive layediedgt one sol der sphere is soldered to said
ground trace on said substrate. -21. An apparatus as defined in claim20

wheréin said at | east on SO r,sphere.is,in.inter contact with
sai d cont act f‘egi‘gﬂapgfmg'éﬁf e%ﬁf@?ﬁ?légh?fﬂi?gg{e%ggyzz. An appar at us
as defined in cl atondugiveleyesin formied b ppeeestaglqcied fegmdbegiov® | ayer is

sel ected from t heof@patteriaNGichiundg vajor dapdsitiony elecibless galing, ni ckel , silver,

copper and conbin n ]g[.l-- ys thereof. 23. An apparatus as defined in
claim 18 wherein a?:‘%dlee%f%\%{f%)ca ?‘y conductive layer is foil. 24. An

apparatus as defined in claim 18 wherein said electrically
25. An apparatus as defined in claim 18 wherein said substrate

, has a plurality of electrical components and said EMI shield
T 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
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
conductive particles. .

28. An apparatus comprising:
- (a) asubstrate having at least one electrical component
disposed thereon; .
(b) a plurality of solder spheres disposed on said substrate
surrounding said at least one electrical component;
() 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
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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conductive layer is forned by a process selected fromthe group of
sputtering, vacuum or vapor deposition, electroless plating, and

el ectrolytic plating. 25. An apparatus as defined in claim18 wherein said
substrate has a plurality of electrical conponents and sa&duem 208hi el d
further conprises a plurality of conpartnents adapted to cover said

plurality of ele ical.co nent s. 26 arat ined in claim18
wher ei n at Ieastq%%g% mss%%alee‘%ﬁ%aﬁ{’t %%ucﬁgegﬁ%@@f?}%g@lst one of said
el ectrically conduéit¢lectrigalcepfapigrithpt lsagicometof spidgolderi d EM shiel d. 27. An
apparat us as def i negpheresCdvill whek&n\Whd EBMDskEsldhnglseididoldesl | y conducti ve
material is a diel | i & (Y - L particles. 28. An
apparatus conpri si ﬁsg’;l%eg)o&gﬁ%&@%@%%%ng%ﬁgﬁggﬁh\éﬁle el ectrical
conponent  di sposeddiieiEeyexitmg)sayd atilepshpne omprarwatder spheres di sposed on
said substrate surrounding said at |east one electrical conponent; (c) an
EM shield conprising at |east one conpartnent adapted to cover said at

| east one el ectrical conponent, said EM shield further conprising a
dielectric material |ayer having an inner surface and an outer surface and
an electrically conductive |ayer over at |east one of said. inner and
outer surface; and 20 24 August 2005 (d) wherein said electrically
conductive layer of said EM shield is in electrical contact wwth at |east
one of said solder spheres, and wherein said EWshield and said sol der
spheres conbine to limt electromagnetic radiation from entering or
exiting said at | east one conpartnent. 21
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